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ABSTRACT

Sodium was boiled in a vertical, 1/2-inch (1.27-cm) inside diameter by 4-foot
(1.22-m) long tube. The columbium alloy boiler operated at flow rates of 75 to
380 lbm/hr (9.4 to 48 g/sec) and up to 0.93 quality. Boiling performance depended on
whether the inlet flow was two-phase or liquid. Two-phase momentum pressure drops
were 1% times frictional drops. Qualities over 0.9 were obtained at some critical
(burnout) boiling conditions. Liquid superheats up to 250° F (139 K) existed before

initiation of boiling.



CONTENTS

SUMMARY . . . . . i o it e et e e e e e e e e e e e e e e e e e e e e e e
INTRODUCTION . . . . . . ot i ittt e e e et e e e e e e e e e e e ..

FACILITY . . . .« . v . v v v o e e e e e e e e e e e e e e e e e e e e e e e e
Two-Phase LOOP . . . . . . . i i it e e e e e e e e e e e e e e e e e e e e e e
Heating Lioop . . . & . & i i i i it e e e e e e e e e e e e e e e e e e e e e e e
Auxiliary Equipment . . . . . . . . . . oL Lo e e e s e e e e,

Vessel vacuum systems . . . . . .« v v v it et e e e e e e e e e e e e e
Auxiliary heating systems . . . . . . . . . . . .. L 0. e e e e e
Purification and sampling systems . . . . . . . . . . . . .. . ...
Argon gas system . . . . . . . . i e e e e e e e e e e e e e e e e e e e e e
Loop vacuum systems . . . . . . . . L L L 0 e e e e s e e e e e e e e e e e
Coolant systems . . . . . . . . . o i i i e e e e e e e e e e e e e e e e
Safety systems . . . . . . . . . L e e e e e e e e e e e e e e e e e e e

TEST BOILER . . . . . . .t ot e e ittt e e e e e e e e e e e e e e e e e e e e
Description . . . . . . . . . . L o e e e e e e e e e e e e e e e e e
Design and Fabrication . . . . . . . . . . o ¢ 0 i i e e e e e e e e e e e

Pressure . . . . . L . i e e e e e e e e e e e e e e e e e e e e e e
Temperature . . . . . . . . . i L e e e e e e e e e e e e e e e e e e e e e e
Auxiliary Instrumentation . . . . . . . . . . . L . .. e e e e e e e e e e e
Recording Equipment . . . . . . . . . . . . i e e e e e e e e e e e e

EXPERIMENTAL PROCEDURE . . . . . . . . . o it v vttt e ettt e e
Fillingand Starting . . . . . . .« . ¢ 0 i i i it e e e e e e e e e e e e e e
All-Liquid Tests . . . . v o i i i i i e e e e e e e e e e e e e e e e e e e e e
Two-Phase Tests . . . . . . & v v v i i i i e e e et e e e e e e e e e e

RESULTS AND DISCUSSION . . & v v v e v et e e e e e e e e e e e e e e e e e e
Data Tables . . .« . v v it ot e e e e e e e e e e e e e e e e e e e e e e e e e

Boiling Heat Transfer . . . . . . . . . @ . ¢« i i i i i v i e e e e e e e e e e
Boiler shell temperatureprofiles . . . . . . . .. .. ... . 0. ...
Average overall heat-transfer coefficients . . . . . . . . . ... .. ... ..

iii

LM S

O W W O O 3 =3 =1 W W

—
DN W O



Effective overall heat-transfer coefficients . . . . . . . . ... ... .....
Local parameters . . . . . . & ¢ i i i i i e e e e e e e e e e e e e e e
Boiling heat-transfer coefficients . . . . . . . . . .. . ... ... ... ...
Critical heat-transfer condition . . . . . . . . . . . . ... ... .. ... ..
Miscellaneous Results . . . . . . . . . . v i i i i i e e e e e e e e e e e e
Two-Phase Pressure Drop . . . . . & ¢ v i v i i i e e e e e e e e e e e e e
Liquid Superheat . . . . . . . . . . . . 0 o i e e e e e e e e e e e e

SUMMARY OF

APPENDIXES

L L U P I

« @ e ¢ & s & + e e & 8 s e e+ = & e s & w8 s e & 6 s 8 e = e ® s & e s e o

iv

25
31
33
34
36
37
41

43

45
48
54

61



TESTS OF SODIUM BOILING IN A SINGLE TUBE-IN-SHELL HEAT EXCHANGER
OVER THE RANGE 1720° TO 1980° F (1211 TO 1355 K)
by James P. Lewis, Donald E. Groesbeck, and Harold H. Christenson

Lewis Research Center

SUMMARY

A single tube-in-shell, vertically oriented, boiling heat exchanger with no tube in-
serts was tested in a sodium boiling heat-transfer facility as part of a research program
applied to advanced Rankine cycle space-power-system components. This bimetallic
multiloop facility was constructed of type 316 stainless steel and columbium-1-percent-
zirconium alloy and included a large high-vacuum vessel. The counterflow boiler had a
nominal length of 4 feet (1.22 m) and a center tube inside diameter of 1/2 inch (1.27 cm).

The boiler was operated at test fluid flow rates of 75 to 380 pounds per hour (9.4 to
48 g/sec), boiling temperatures of 1720° to 1980° F (1211 to 1355 K), and exit vapor
qualities up to 0.93. The total test time covered over 1100 hours at temperatures in ex-
cess of 800° F (700 K).

Average overall heat-transfer coefficients, two-phase pressure drops, and critical
(burnout) conditions were obtained. Both steady and unsteady boiling performance was
evaluated. The boiler heat-transfer performance depended greatly on the tube inlet flow
condition, whether two-phase or liquid phase. The boiling pressure drop as a function
of exit quality was normalized by the liquid velocity head, and the momentum pressure
drop accounted for approximately 60 percent of the total two-phase pressure drop.
Critical qualities in excess of 90 percent were obtained under steady conditions. Liquid
bulk superheat values in excess of 250° T (139 K) were obtained before initiation of boil-
ing.

INTRODUCTION

Future space vehicles may require the capacity to generate relatively large amounts
of electrical power. For these large power levels the use of turboalternators driven by
the vapor from a Rankine cycle system appears attractive. In order to achieve low spe-
cific weight and high efficiency in space, boiling temperatures of 1800° to 2200° F



(1255 to 1478 K) are required. The alkali metals (sodium, potassium, etc.) have been
proposed as working and heat-transfer fluids in order to meet the high temperature re-
quirements. In turn, the need for suitable containment materials for the alkali metals
has led to consideration of refractory-metal alloys (columbium, tantalum, etc.) for
system components. In addition to the temperature requirements, the power system
must operate unattended for periods in excess of 10 000 hours in a stable and reliable
manner.

One design being considered to achieve these requirements is the once-through
boiler concept, in which a subcooled liquid is converted into a superheated vapor in one
continuous pass through heated tubes. This concept is attractive because it eliminates
the boiler recirculation loop, thus improving reliability and reducing weight. In addi-
tion, the recirculation loop would introduce phase separation problems in a zero gravity
environment.

The development of heat-exchanger boilers for space-power systems has been
handicapped by a lack of reliable and applicable data and analytical design procedures.
Traditional water boiler data are primarily related to gas-fired, recirculating boilers
using high-pressure fluids. For the space-power-system boiler, which employs an
equivalent low-pressure fluid, information is required for two-phase heat transfer and
pressure drop, the definition of the various boiling regimes, the prediction of critical
heat-transfer conditions such as '""burnout'' and critical flow rates, and the require-
ments for thermal and hydraulic stability. The analytical predictions of two-phase heat-
transfer and hydraulic performance have limited or uncertain applicability and in most
cases require accurate experimental data for their use. The best and most recent data
for alkali metal boilers is that contained in references 1 to 3. These works are limited
either with respect to temperature or the use of electrically heated (constant flux)
boilers.

A program for the study of alkali-metal heat-exchanger boilers was established at
the Lewis Research Center to obtain experimental data in the areas of interest. Spe-
cific objectives of the investigation reported herein were to obtain data on the heat
transfer, vaporization, and hydraulic performance of a single tube-in-shell heat-
exchanger boiler with sodium at saturation temperatures up to 2000° F (1366 K). Infor-
mation relating to boiler stability was also desired. In addition to the boiling data, it
was desired to determine and define any related critical problem areas.

The experimental boiler used in this investigation was a single tube-in-shell counter-
flow heat exchanger oriented so that the vaporizing fluid flowed vertically upwards. The
boiler tube was straight, hollow, and circular, with no inserts. Sodium was used for
both the vaporizing and heating fluids. All components operating above 1500° F (1089 K)
were constructed of a columbium-1-percent-zirconium (Cb - 1-Zr) alloy, while the re-
mainder of the system was fabricated from 316 stainless steel. Data were obtained
over a range of boiling fluid flow rates of 75 to 380 pounds per hour (9.4 to 48 g/sec),
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boiling temperatures of 1720° to 1980° F (1211 to 1355 K), and vapor qualities up to
93 percent.

This report presents a description of the boiling facility, the experimental boiler,
the test instrumentation and controls, as well as the experimental data. The data re-
ported include liquid-phase pressure drop and heat transfer, heat transfer and pressure
drop during steady-state boiling, data obtained during boiling with ramp and step changes
of certain test variables, and liquid bulk superheat values obtained before initiation of
boiling. All values, dimensional equations, tabulated material and data, and figures are
presented in both the U.S. Customary and SI units. All symbols and nomenclature are
defined in appendix A.

FACILITY

The complete alkali-metal boiling heat-transfer facility is shown schematically in
figure 1. A simplified diagram (fig. 2) shows the two main flow loops, which are
joined together thermally at a single tube-in-shell heat-exchanger boiler. Both main
loops contain sodium and both have pumped bypass coolant loops. All components de-
signed to operate in excess of 1500° F (1089 K) were fabricated of Cb - 1-Zr alloy and
are contained in a high-vacuum vessel. The rest of the system was constructed of 316
stainless steel. Heat is generated by electric resistance heaters and heat rejection is
by sodium-to-air heat exchangers.

Two-Phase Loop

The ac conduction pump 1 (figs. 1 and 2) pumps the test fluid (liquid sodium)
through a throttle valve and electromagnetic flowmeter to the preheater. After entering
the vacuum vessel, a transition in the piping is made from the 316 stainless steel to the
Cb - 1-Zr alloy tubing. All Cb - 1-Zr components are wrapped with a minimum of two
layers of tantalum foil to act as an oxygen getter. The preheater consists of approxi-
mately 100 feet (~30 m) of 1-inch (2.54~-cm) inside diameter, 0.05-inch (0. 127-cm) wall
Cb - 1-Zr tubing arranged in an elongated coil. The coil turns are separated vertically
by alumina blocks. Electric power is supplied to the preheater from a 125-kilowatt, 30-
volt saturable reactor and transformer and is rectified to a maximum ripple of 10 per-
cent. Heat is generated in both the preheater tubing wall and the flowing sodium. The
preheater can be controlled manually or by an automatic control sensing the preheater
exit temperature.

In preliminary tests a direct connection was made from the preheater to the inlet of
the test boiler. (Details of the boiler are given in the section TEST BOILER.) Extreme
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Figure 3. - Orifice upstream of test boiter.

flow and pressure instabilities including reverse flow were encountered and the pre-
heater quite often filled with vapor. Prior to the final test program, pressure drop de-
vices were installed beiween the preheater and boiler to protect the preheater from vapor
and possibly contribute to loop stability. The pressure drop devices consisted of an
0.082-inch (2.08-mm) diameter orifice (fig. 3) and a reversible helical-induction electro-
magnetic pump (pump 3 in figs. 1 and 2). The construction of this pump is such that the
fluid pumping cell is within the vacuum vessel and has no direct connection to the pri-
mary electrical coils external to the vessel. When operated in the reverse mode, this
pump opposes pump 1 and provides a pressure drop analogous to the dynamic braking of
an induction motor.

On leaving the boiler the test fluid enters the shell side of the contact condenser.

This condenser consists of a 2.5-inch (6.35-cm) inside diameter by 46.25-inch (21.2-m)
long vertical shell containing a 45-inch (1.14-m) long by 1.5-inch (3.8-cm) inside-
diameter coolant-distributor tube. Liquid sodium is pumped through a throttle valve in
the bypass loop into the distributor tube at a temperature less than 1400° F (1033 K).
The coolant flows out of the distributor tube through 228, 3/32-inch (2.38-mm) diameter
holes, condensing the vapor and cooling the mixture to less than the stainless-steel tem-
perature limit of 1500° F (1089 K). The mixture leaves the vacuum vessel in stainless-
steel pipe and flows through the sodium-to-air cooler, which is a finned tube heat ex-



changer with a rating of 400 kilowatts. The flow then splits (figs. 1 and 2), returning
to the pumps of the main and bypass loops.

Pressure level in the loop is set by adjusting the pressure of the argon cover gas in
the expansion tank, which is connected to the suction side of pumps 1 and 2. Pressure
control may be achieved manually or automatically. An isolation valve in the line to the
expansion tank allows the loop to operate as a constant inventory system when desired.
Flow control is achieved manually by regulating the two throttle valves and the three
pumps, as well as by the thermal performance of the boiler and condenser.

Heating Loop

The heating loop is similar to the two-phase loop and has both a main loop and a
coolant bypass loop. Argon cover-gas pressure in the expansion tank is set manually to
a level high enough to ensure that the sodium heating fluid is in a liquid state at all times.
The mixing tee (figs. 1 and 2) is used to lower the temperature of the liquid discharging
from the boiler to 1400° ¥ (1033 K). The air-to-sodium heat-exchanger cooler, used in
this loop, is identical to that of the two-phase loocp. The main heater is also similar to
the two-phase loop preheater and consists of a coil of approximately 250 feet (76 m) of
1-inch (2.54-cm) inside diameter by 0.05-inch (0.127-cm) wall Cb - 1-Zr tubing. Elec-
tric power is supplied to the heater from a 600 kilowatt, 110 volt saturable reactor and
transformer, and is rectified to a maximum ripple of 10 percent. Both manual and auto-

matic control of the heating rate can be used. Flow control is achieved by the voltage
setting of the two ac conduction type of electromagnetic pumps.

Auxiliary Equipment

In addition to the heating and two-phase loops, the facility requires considerable
auxiliary and support equipment. Included in this category are (1) the vacuum vessel and
vacuum pumping system, (2) auxiliary heaters including piping trace heaters, (3) liquid-
metal purification and sampling systems, (4) argon cover-gas system, (5) loop vacuum
system, (6) fill and dump systems, (7) coolant systems, (8) safety systems, and (9) nec-
essary operational controls and instrumentation.

Vessel vacuum systems. - A vacuum environment was used to minimize oxidation of

the columbium alloy components for the facility design life of 5000 hours and maximum
temperatures of 2300° F (1533 K). For these conditions the data of Barrett and Rosen-
blum (ref. 4) indicate a maximum allowable oxygen partial pressure of 10"7 torr

(1. 33><10"5 N/m2). The vacuum vessel, fabricated of 304 stainless steel, is a horizontal



cylinder 17% feet (5.33 m) long and 7 feet (2.13 m) in diameter. Satisfactory oxygen par-
tial pressures were achieved in the vessel while operating at the test temperatures.
Complete details of the vessel and its pumping and monitoring systems, as well as its
pump-down and bake-out history are given in a report by Groesbeck in reference 5.

Auxiliary heating systems. - All stainless-steel components and piping have elec-
trical resistance heaters strapped to them in order to maintain the sodium temperature
above the melting point and to aid in outgassing the loops. Chromel-Alumel thermo-
couples are attached to both the heaters and loop components. Stainless-steel reflective
foil is wrapped around the heaters and loop components and the whole assembly is
covered by commercial fibrous type thermal insulation.

Purification and sampling systems. - The heating and cooling loops have separate
sodium purification systems. These systems are of conventional design, consisting of
a hot trap, a cold trap, a plugging valve, an electromagnetic flowmeter, an air-to-
sodium cooler, and the appropriate isolation valves.

The sampling systems consist of a bypass loop around each of the main flow pumps.
A sample tube is connected into the system by flared fittings. Isolation valves provide
for the removal of the sample tube as well as connecting it to the sodium loop or to a

vacuum purge.
Argon gas system. - High-purity argon is used as cover gas, to purge all loop

plumbing, and for back-filling the vacuum vessel. A liquid-argon supply is boiled off
and the gas piped to the test cell where it passes through a hot-trap purifier before

entering the system.
Loop vacuum systems. - Both liquid-metal loops are evacuated by a common me-

chanical vacuum pump equipped with a Freon-refrigerated cold trap. The loops can be
evacuated to approximately 10—3 torr (0.133 N /mz) after a bake-out at approximately
400° F (478 K).

Coolant systems. - All cooling air is obtainéd from the laboratory central air sup-
ply. Air is used in the sodium-air heat exchangers, to cool the electromagnetic pumps,
in the cold trap and cooler of the purification systems, and to freeze out sections of the
loops in lieu of or as a back up to valves. Laboratory cooling tower water flowing
through copper tubes cools the wall of the vacuum vessel. Demineralized water is used
as the coolant for the seals of the penetrations of the 125- and 600-kilowatt heater power
leads into the vacuum vessel.

Safety systems. - Safety equipment includes appropriate overtemperature and pres-
sure alarms, flow and heating interlocks, sodium oxide smoke detectors, and appropri-
ate containment structures. All cooling air and any possible sodium oxidation products
are ducted from the test cell to a large scrubber system before venting to atmosphere.
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TEST BOILER
Description

The test boiler used in this investigation is a single tube-in-shell counterflow heat
exchanger. The entire boiler is fabricated of Cb - 1-Zr alloy. Figure 4 is a photograph
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Figure 4. - Test boiler assembly.

of the assembled boiler with the connecting pipe stubs. Details of the boiler and instru-
mentation locations are shown (to scale) in figure 5. The boiler is mounted so the boiling
sodium in the inner tube flows vertically upwards. The heating fluid enters and leaves
the shell through 6-inch (15-cm) diameter end plenums with the fluid being guided between
two sheet-metal funnel baffles. Spacer pins 120° apart are located every 10 inches

(25.4 cm) along the test tube to preserve concentricity of the tube in the shell. After
completion of instrumentation, the entire assembly was wrapped in 10 layers of dimpled
0.001-inch (0.025-mm) thick tantalum foil to provide reflective thermal insulation. The
centerline of the shell exit connection is taken as the reference plane for all axial dimen-
sions.

Design and Fabrication

The boiler was designed on the basis of the following arbitrary limitations and as-
sumptions:
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Overall heat-transfer coefficient, Btu/(hr)(#2)(°F); W/(m?)K) . . . . . . . 4000; 22 000

It was desired to vaporize sodium over the entire range from zero exit quality to super-
heated vapor. Based on these assumptions and estimates of the expected two-phase pres-
sure drop, a tube having an inside diameter of 1/2 inch (1.27 cm) with a length to diame-
ter ratio of approximately 100 was selected. The dimensions of the shell annular gap
were then determined from the predictions of Seban and Bailey (ref. 6) for liquid-metal
convective heat transfer in annuli.

The boiler mechanical design was chosen as a rigid structure with no bellows. The
boiler is restrained at only one point (the bottom end plenum) and allowed to grow verti-
cally as it thermally expands, thus putting the inner tube in tension. Differential expan-
sions corresponding to mean temperature differences between shell and tube of up to
500° F (278 K) could be tolerated. Allowable design pressure and mechanical stresses
were based on the 5000-hour stress-rupture values with a safety factor of 2. Thermal
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stresses were based on the high-temperature yield-stress values. End loads were mini-
mized by providing sufficient flexibility in all connecting lines.

The entire boiler was fabricated under clean-room conditions from Cb - 1-Zr alloy
seamless tubes, forgings, and plate. The boiler is an all-welded structure. All welding
was done in a suitable dry box using the tungsten - inert-gas (argon) technique. The at-
mosphere in the dry box was continuously monitored for moisture and oxygen levels and
frequent test welds and bend tests were made throughout the fabrication process.

INSTRUMENTATION

Instrumentation of the system is discussed under separate headings for research in-
strumentation, auxiliary instrumentation, and recording equipment.

Research Instrumentation

Flow raite. - The liquid-metal flow rates for both main and bypass loops were mea-

11



sured by electromagnetic flowmeters installed in the stainless-steel piping exterior to
the vacuum vessel. No calibration of these flowmeters was made; the flow rate was
computed from vendors' calibrations and the relations of reference 6. The magnet-field
strength was checked before and after testing and was found to be essentially unchanged
and acceptably close to the vendor's values. Without an actual in-place calibration it is
difficult to assess the flowmeter accuracy, but the boiler heat balances discussed subse-
quently and calibration of similar flowmeters indicate flow measurement error of less
than 5 percent, The minimum signal utilized from any of the flowmeters was no less
than 0.3 millivolt.

Pressure. - Pressures of research interest were measured at the inlet and exit of
the boiler on both heating and two-phase loops, at the condenser vapor inlet and conden-~
sate outlet, and between the two-phase loop throttle valve and the preheater inlet. All
pressure measurement locations are indicated in figures 1 and 5. Pressures at all these
locations were measured by Bourdon pressure gages. These gages utilize a slack dia-
phragm that isolates the sodium test fluid from a NaK capillary tube connected to the
Bourdon tube. The diaphragms of these gages stood off from the flow loops a distance
sufficient to cool the fluid to the vendor's operating limits. The connecting lines and dia-
phragms were electrically trace-heated to prevent freezing of the sodium and to maintain
an approximately constant temperature at the diaphragms. The Bourdon tube movement
was transmitted to the recording equipment by a pneumatic system.

Strain-gage pressure transducers were also used to measure pressure at the four
terminal points (figs. 1 and 5) of the boiler., The transducers were of the unbonded
strain-gage type and were rated for use with corrosive fluids at temperatures up to
600° F (588 K). These transducers were connected to the pressure tap line adjacent to
the Bourdon tube slack diaphragms. A strain-gage transducer was also used to measure
the argon gas pressure in the expansion tank and to provide an electrical signal to the
automatic cover-gas-pressure control.

Several in-loop calibrations were made for all pressure gages and transducers and
are discussed in appendix B. The calibrations, which included the read-out equipment,
indicated an error of approximately +1 percent. Readout limits for the slack diaphragm
gages were no better than 0.3 psia (2 kN/m2 abs). During test operation the strain-gage
transducers on the two-phase loop at the boiler were subjected to overtemperature. As
a result either the transducer signal was lost or it experienced an excessive zero shift.
These transducers, therefore, were not used for absolute pressure measurements but to
obtain an indication of the boiler transient pressure behavior.

Temperature, - The temperatures of all Cb - 1-Zr alloy components were measured
by platinum-platinum-13-percent-rhodium, ISA type R, thermocouples. The 0.02-inch
(~0.5-mm) diameter wire was insulated by two-hole high purity alumina tubes and beads.
The silicon and iron content of the alumina was within the limits specified in reference 7
for long time stability. No metal sheaths were employed. With the exception of four
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well inserts at the boiler terminals, all thermocouples were spot welded to the metal
surface. The insulated thermocouple leads were secured by tantalum straps. The in-
stallation of thermocouples on the boiler shell is shown in figure 6. After installation,
the thermocouples were insulated by wrapping the surface with several layers of dimpled
tantalum foil. The location of all thermocouples on the boiler shell are indicated in fig-
ure 5. Two rows of thermocouples, 180° apart circumferentially, and designated as the
300 series and 400 series, were positioned 2 inches (5.08 cm) apart axially along the con-
stant diameter section of the shell. In the case of the well inserts the insulated thermo-
couples were mechanically pushed into the wells and the alumina tubes were then wired
into place. The well insert thermocouples were not used in the data reduction. At the
beginning of the test they agreed closely with corresponding surface thermocouples, but
after a period of time they started to read low and their transient response decreased.
Examination after shutdown showed that the thermocouples had moved part way out of the
wells and were no longer in good thermal contact.

In addition to the boiler, thermocouples were located at the exit of the main and pre-
heater, on the line connecting the preheater to the boiler, at the condenser vapor inlet,

i
Thermocouple
junction—

% 53

C-65-2747

Figure 6. - Typical thermocouple installation on boiler shell.
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at the condenser coolant inlet and outlet, at the mixing tee coolant inlet and outlet, and
at four axial locations on the condenser shell (positioned 6 in. (15.34 cm) with first
thermocouple 6 in. (15.34 cm) from vapor inlet location).

The platinum alloy thermocouple leads ran from the hot junction to vacuum-sealed,
electrically insulated, multipin connectors installed in a flange on the vacuum vessel
wall, At this point a junction to copper was made and copper extension leads then led to
the readout and recording instruments. The temperature of this junction was monitored
by Chromel-Alumel thermocouples attached to the connectors and flange. All thermo-
couples used for final data reduction were recorded on a central digital system. This
system contained a controlled 100° F (311 K) reference junction.

The platinum-platinum-13-percent-rhodium thermocouple wire was calibrated by the
vendor and was within the ISA +1/4 percent specification. Direct, in-place calibration of
the thermocouples was not made because of the inaccessibility of the test components and
the difficulty of introducing an accurate reference inside the vacuum tank. Corrections,
which are discussed in appendix B, were applied to the temperatures measured by the
surface thermocouples at the inlet and exit of the boiler tube. All the temperatures pre-
sented herein are considered to be within the +1/4 percent error limit.

No pickup or other effects of the large electrical heaters on the thermocouples were
obtained, except in cases of lead shorting or breaking, wherein a ground loop could be
set up. All readings in which there was a definite indication of thermocouple failure or
malfunction were deleted from the data presentation of this report.

Auxiliary Instrumentation

In addition to the research data, many other measurements were made throughout
the facility. These measurements were for general control and monitoring of the sys-
tem, operation and control of subsystems, and for safety assurance.

All liquid-metal flow rates were measured with electromagnetic flowmeters.
Liquid-metal pressures were obtained from slack diaphragm, Bourdon tube gages.
Temperatures of liquid metal, argon gas, cooling air, and miscellaneous components
were measured by surface and immersion Chromel-Alumel ISA type K, stainless-steel
sheathed thermocouples. The liquid-level in the fill and drain tanks were measured by
spark-plug type of probes, while the liquid level in the expansion tanks was measured by
J-type resistance probes.

Vacuum measurements in the loop piping were made with thermocouple gages. Nude
ionization gages were used in the vacuum vessel. A mass-spectrometer residual gas
analyzer was installed at the pumping connection to the vacuum vessel to monitor the
composition of the environment (especially the oxygen partial pressure) for the
refractory-metal components.
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Sodium oxide smoke detectors were installed at all exhaust air connections to the
system.

Electric power to the main and preheaters was measured by panel indicating volt-
meters and ammeters as well as by recording wattmeters,

Recording Equipment

All measurements desired for permanent record and data reduction were recorded
on magnetic tape by a central automatic digital data system. Each recording cycle con-
sisted of 181 words scanned at the rate of 20 words per second. A 10-millivolt range
was used for the platinum thermocouples, the flowmeter signal, and the pressure trans-
ducer voltages. A 50-millivolt range was used for the Chromel-Alumel thermocouples.
The system had a resolution of +1 microvolt.

All of the critical data recorded on the digital system as well as the output of the
slack diaphragm pressure gages were also indicated and recorded on continuous single
and multipoint null-balance strip chart recorders. The boiler tube inlet and exit pres-
sures, the liquid metal flow rates in both main loops, and four selected boiler tempera-
tures were also fed into a multichannel oscillograph. Additional data were visually
monitored on panel indicators and manually recorded as desired.

EXPERIMENTAL PROCEDURE

The experimental procedure and test plan were designed to obtain primarily steady-
state heat-transfer and pressure-drop performance of the boiler while separately vary-
ing the independent operating variables over significant ranges. The independent oper-
ating variables were the heating fluid flow rate and boiler shell inlet temperature, test
fluid exit pressure and flow rate, and preheater exit temperature. The majority of tests
were made with the two-phase loop vented to a controlled gas pressure in the expansion
tank, but a few check tests were made with a constant inventory by closing the expansion
tank isolation valve (figs. 1 and 2). Tests were made during two different operating pe-
riods. In the first preliminary sequence the preheater and boiler were directly con-
nected. This test series was terminated by a sodium leak caused by a valve bellows
failure. No boiling data from this preliminary test series are reported herein because
the boiling was extremely unstable, the exit vapor quality was low, and better data were
obtained in the second series reported herein. The facility has been operated for over
1100 hours at temperatures in excess of 800° F (700 K).
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Filling and Starting

The filling and start-up sequences were the same for both the heating and two-phase
loops. After completion of the cold gas pressure calibration, the loops and vacuum ves-
sel were valved off from the argon gas supply and the loop and vessel vacuum pumps
were started.. On completion of the cold pump-down, the loop trace heaters, vacuum
vessel wall heaters, and a radiant space heater inside the vessel were turned on, and the
system temperatures gradually increased to approximately 400° F (478 K). During this
period all systems were leak checked with a helium mass spectrometer leak detector.
The loops were then backfilled with argon and the hot-gas pressure calibrations per-
formed. The loops were then re-evacuated and the bake-out was considered complete
when the pressures stabilized. Loop and vacuum vessel pressures of less than 10"3 and
1077 torr, respectively, were attained.

The fill and drain tanks were then valved off from the loops. Reactor grade sodium
was then forced by argon gas from the supply drums through a micrometallic filter into
the fill tanks. After closing the charging valves and opening the loop fill valves (fig. 1),
argon pressure was applied to the sodium forcing it up into the evacuated loops. When
the sodium reached the desired level in the expansion tanks, the fill valves were closed
and the circulation pumps were started. As soon as continuous flow was ensured, the
main and preheaters were started and trace heaters on flow lines and the radiant space
heater were turned off. The peak temperatures in the systems were raised to over
1000° F (811 K) as soon as possible in order to keep oxides and other impurities in solu-
tion until they were removed by the purification system. The cold-trap temperature was
maintained at 300° F (422 K). Progress of the purification process was monitored by the
plugging valve and by analysis of liquid metal samples. The main and preheater temper-
atures were raised in steps as fast as the outgassing rate would allow. An upper limit of
5><1O—6 torr was maintained for the vacuum vessel and the atmosphere was continuously
checked with the residual gas analyzer. When loop temperatures reached 1500° F
(1089 K) hot trapping was initiated. After completion of the sodium purification and out-
gassing of the components inside the vacuum vessel, the pumps were temporarily stopped
and a no-flow pressure calibration was made. The pumps were then restarted and the
system was considered ready for research testing.

Ail-Liquid Tests

Prior to the boiling experiments several series of all-liquid runs were made. The
purpose of these tests was to measure the pressure-drop characteristics of important
components, to check the performance of the pumps, to obtain liquid-metal convective
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heat-transfer data for the heat exchanger boiler, to check the boiler heat balance, and
to determine the general performance of the system. Data were obtained for flow rates
in both loops up to 4500 pounds per hour (570 g/sec), temperatures up to 2160° F

(1455 K), and with pumps 1 and 3 in various combinations of operating modes. After
completion of the two-phase tests, liquid-phase convective heat-transfer checks were
again made. The results of these calibration tests are presented in appendix B.

Two-Phase Tests

Initiation of boiling was generally very difficult, particularly in the preliminary test
sequence. The boiling initiation problem was caused primarily by the ability of the so-
dium to support large amounts of liquid superheat. Operating techniques were eventually
established by which boiling could be achieved when desired with a minimum disturbance
to the system. These techniques and the problem of liquid superheat are discussed in the
section RESULTS AND DISCUSSION.

After obtaining a steady boiling condition, the system was ready for recording the
data. A steady condition is defined as one in which the independent variables were held
constant and the mean value of the dependent variables remained constant even though
oscillations existed. Steady-state data were taken over the following ranges:

Boiler exit temperature, °F; K . . . . . . . . . .. .. ... 1719 to 1983; 1210 to 1357
Test fluid flow rate, Ib/hr; g/sec . . . . . . . . . . . . . ... 75 to 380; 9.4 to 48
Boiler inlet subcooling, OF; K. . . o e e up to 454; 252
Heating fluid flow rate, Ib/hr; g/sec . . . . . . . . . . . . .. 4830 to 5960; 600 to 750
Heating fluid inlet temperature, oF; K ............ 1874 to 2191; 1296 to 1473
Boiler exit quality . . . . . . . .« . . 0 0 i e e e e e e e e e e e e e 0.08t0 0.93

The general procedure was to set the two flow rates, the preheater exit temperature,
and test-fluid exit pressure, and then to vary the heating fluid inlet temperature until the
desired range was covered or operating limits were reached. Test was ended when (1)
no further increase in exit quality could be obtained, (2) the system became excessively
unstable, or (3) design thermal stress limits were reached. Limited tests were made
in which some of the other independent variables were held constant. After setting a
condition and determining that all drift had ceased, the data were recorded on the cen-
tral digital data system, strip charts and oscillographs were marked, and data from
nonrecording instruments were read. Boiling runs also were made in which ramp varia-
tions of some of the test variables were made. These included a decrease and increase
of the preheater temperature and a decrease of the test fluid flow rate. Tests covering
step changes of the test fluid flow rate and pressure were also made. Data were also
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taken for the conditions of boiling initiation (liquid superheat) by raising the heating fluid
inlet temperature and also by decreasing the two-phase loop pressure.

RESULTS AND DISCUSSION

Several types of boiler operation were encountered during the investigation reported
herein. These may be categorized with respect to the following: (a) steady or unsteady
performance, (b) existence of a critical heat-transfer condition (burnout), and (c) the
phase state of the test fluid at the boiler inlet. It was possible to flash the test fluid at
the orifice upstream of the boiler to vapor qualities up to 0.03. For all tests in which
the test fluid entered the boiler in the liquid phase (subcooled or superheated), super-
heated liquid existed for considerable distances inside the boiler before vaporization
commenced. Heat-transfer regimes experienced included liquid convection, high rates
of boiling (nucleate), critical boiling heat transfer (burnout), transition boiling (post-
burnout), and vapor convection. Superheated vapor at the boiler exit was not obtained
(exit quality > 1.0) nor was there any indication of two-phase critical (acoustic limited)
flow rates. The aforementioned types of boiler operation and thermal regimes are sub-
sequently discussed in terms of heat-transfer coefficients, pressure drop, critical or
exit quality, as well as the independent test variables.

Data Tables

The tabulated data reported herein are given in tables I and II. Table I presents the
basic measurements and some computed parameters including quality, pressure drop,
rate of heat transfer, and overall heat-transfer coefficients. The data of table I are
generally ordered with respect to increasing values of the following variables:

(1) Test fluid exit saturation temperature

(2) Test fluid flow rate

(3) Heating fluid inlet temperature

The remarks column in table I identifies the conditions of the tests. The remarks
column is divided into five subcolumns.

Table II lists the local temperatures along the boiler shell.

The run numbers given in tables I and II indicate the chronological sequence of

testing.
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Boiler Oscillations

Oscillations of the test fluid flow rate, pressure, and temperature were frequently
encountered during the investigation. The objectives and system capabilities of this in-
vestigation precluded a basic study of boiler stability. The variations in time of certain
variables were recorded as a possible aid in characterizing and understanding the range
of boiler performance obtained. For this purpose the output of the flowmeters, the test
fluid strain-gage pressure transducers, and two shell thermocouples were recorded on
a multichannel oscillograph. Typical traces are shown in figure 7. Considerable noise
is apparent in some of the signals (particularly flow rate) which is attributed to read-out
system deficiencies as well as to the large electric heaters. Considering first the two-
phase inlet condition, the test fluid flow rate and pressures exhibit a regular oscillation
with a dominant frequency of 1 to 2 hertz. For the two-phase inlet tests without burnout
occurring, the amplitude of the flow and pressure oscillations varied from that barely
detectable to approximately +10 percent and the shell thermocouples were steady. With
burnout somewhat larger amplitudes were obtained and the shell temperatures began to
show some variation. In terms of the remarks code of table I all the two-phase inlet
tests are ratedas S to OF as a function of increasing amplitude but with a regular
oscillation of essentially constant frequency.

When the test fluid inlet condition was at the two-phase to liquid transition (alter-
nately two-phase and liquid), the oscillations became more complex and irregular, the
amplitude of the flow and pressure.variations increased markedly, and the shell temper-
atures varied continuously. These oscillations are rated as OF and F.

For the case of the test-fluid inlet condition being in the liquid phase, the flow,
pressure, and temperature traces were either very steady or extremely unsteady. In
fact, the liquid inlet condition gave the most steady and the most unsteady results of the
entire investigation. In addition to a larger amplitude, the oscillations became increas-
ingly complex and irregular, and a lower frequency (1/4 to 1/3 Hz) appeared which was
not obtained with the two-phase inlet results. In some cases the oscillations became so
severe that back flow occurred and sometimes stopped boiling by activating safety inter-
locks. The oscillations are rated as either S or F.

In all cases the inlet pressure and flow oscillations were out of phase by approxi-
mately 180°. For the liquid inlet case the inlet and exit pressures were always in phase
while for the two~phase case they were both in and out of phase. Generally the pressures
were in phase for the two-phase case only at conditions of low quality, high heat-transfer
coefficients, and small oscillations. Any attempts to analyze the oscillations and boiler
stability must take account of the particular conditions of these tests including the large
liquid inventory outside the boiler, the expansion tank, the condenser coolant bypass
loop, as well as a compressible fluid feed for the two-phase inlet tests.
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Boiling Heat Transfer

The boiling heat-transfer results are presented and discussed in terms of shell axial
temperature profiles, overall heat-transfer coefficients, and the conditions of critical
heat transfer (burnout).

Boiler shell temperature profiles. - Considerable insight as to the boiling behavior
may be obtained from a study of the axial variation of the shell temperature. Typical
boiler shell profiles are shown in figure 8. The thermocouples on the end plenums
should be given little weight (especially at the reference plane end) because of the in-
creased radial and axial conduction. Shown are two of the major types of shell profiles
obtained. All conditions in figure 8(a) are essentially the same except that, in one case,
the sodium entering the tube is in a two-phase condition (flashing existing at the upstream
orifice) and, in the other case, the inlet feed is a subcooled liquid. For the case of the
two-phase inlet, the shell temperature increases along the boiler following a generally
smooth curve indicating a continuous increase in vapor quality and the same general type
of heat transfer and boiling. The overall heat-transfer coefficient is relatively large
(3090 Btu/(hr)(ftz)(oF); 17 500 W/(mz)(K)) and appears to have only minor variations
along the length of the boiler. The test fluid temperature is estimated from considera-
tions of two-phase pressure drop as no local measurements were made.

In contrast, the shell temperatures for the case of the liquid-phase inlet in figure
8(a) increase slightly initially and then are almost uniform to approximately halfway
along the boiler. At this point there is a sudden transition and the shell temperatures
rapidly increase and follow a curve very similar to that for the two-phase inlet condition.
The isothermal zone represents a region of superheated liquid sodium in the tube which
eventually breaks down to a saturation condition that is then followed by high performance
boiling heat transfer. The existence of liquid superheat within a boiler under steady,
continuous flowing conditions has been reported by Bond (ref. 2) for potassium in a con-
stant heat flux boiler. Shell profiles similar to the superheated liquid curve of figure
8(a) have been reported by Collins et al. (ref. 8) for a multitube heat exchanger potas-
sium boiler although no explanation was given. The liquid inlet profile of figure 8(a) in-
dicates a maximum liquid superheat of approximately 110° F (61 K). Sudden vaporiza-
tion of this amount of superheat would produce a quality of approximately 0.02 assuming
no other heat sources. Considering this value of quality (corresponding to vapor filling
approximately 3/4 of the tube cross section) and the sudden sharp increase in the shell
profile, vaporization may be assumed to occur at a high rate from a single, well defined
interface with no nucleation. Downstream of this vapor interface the fluid is probably in
a steady annular flow pattern with a thin liquid film on the wall. The overall heat- '
transfer coefficient in this downstream region is even higher (3430 Btu/(hr)(ftz)(oF);

19 500 W/(m2 )(K)) than for the two-phase inlet case and also appears independent of
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length. The reduced exit quality for the liquid inlet test reflects the sizable length of the
boiler over which little or no heat transfer occurs.

Results for a lower test fluid flow rate are shown in figure 8(b). Again, all variables
are the same except for the inlet feed state. For the liquid inlet test, the effect of re-
ducing the test fluid flow rate is to reduce the amount of liquid superheat and to move the
point of superheat breakdown further upstream. Following the initiation of vaporization,
a region of large overall heat-transfer coefficients again results, and an exit quality of
0.92 is obtained without reaching a critical heat-transfer condition.

Lowering the test fluid flow rate has considerable effect on the boiler performance

“for the two-phase inlet case. A critical heat-transfer condition is obtained at approxi-

mately halfway along the boiler (indicated by the inflection of the shell temperature pro-
file) which is followed by a transition region of reduced heat transfer. The entire shell
profile lies above, and the exit quality is less than that obtained for the corresponding
liguid inlet case. The overall heat-transfer coefficient upstream of the critical point
was about the same as that obtained at the larger test fluid flow rate (fig. 8(a)). This
test, however, was quite unsteady with oscillations of the shell temperatures (indicated
by shading in fig. 8(b)).

The shell temperatures of the liquid inlet tests of figure 8 were constant with re-
spect to time, and this was quite generally the case. However, in some tests large-
amplitude oscillations of flow and pressure existed and fluctuations of the shell temper-
atures were noted (run 24, fig. 7). These oscillations are not considered to be directly
related to the existence of the superheat condition but probably arise from interactions
with other parts of the system and specific operating techniques. In general the steady
tests with a liquid-phase inlet condition and liquid superheat in the boiler resulted in the
largest local heat fluxes and exit qualities.

Average overall heat-transfer coefficients. - Overall heat-transfer coefficients
averaged over the full boiler length were computed for all the boiling runs reported
herein. (Details of the calculation are given in appendix C.) Typical average coeffi-
cients are presented in figure 9 as a function of the boiler exit quality for a test-fluid
exit temperature of 1740° F (1222 K). Similar results were obtained at the other exit
temperatures. The data show considerable scatter with respect to both the flow rate and
exit quality as well as with the type of boiling. Some major trends, however, exist. The
heat-transfer coefficients for the liquid-phase inlet tests were usually considerably less
than those for the two-phase inlet conditions, reflecting the low heat transfer in the liquid
superheat region. For tests with a critical (burnout) condition, the largest average co-
efficients occurred when the critical condition was obtained first at the boiler exit. Sub-
sequent increase in the heating rate would force the critical point upstream into the
boiler, and the average coefficient would decrease sharply with only a small increase in
exit quality. For the two-phase inlet tests, the average coefficient tends to decrease
with increasing exit quality and appears to vary inversely with the test fluid flow rate.
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Much of the scatter and confusion of figure 9 results from plotting together the data
of several different heat-transfer regimes in terms of an average coefficient based on a
logarithmic temperature difference taken over the entire boiler length. Under these con-
ditions such a definition is no longer valid. For these reasons the heat-transfer coeffi-
cients subsequently are discussed separately for the various boiling regimes.

Effective overall heat-transfer coefficients. - An effective overall heat-transfer co-
efficient may be computed for the region of relatively high rates of boiling heat transfer.
This region is taken as extending from the axial location where a two-phase condition is
first obtained to the location of critical heat transfer or the boiler exit whichever is
reached first (see appendix C). Effective coefficients are presented in figure 10 for the
liquid-inlet tests as a function of the boiler outlet or critical quality. With the exception
of the unsteady results, the data fall within a scatter band of less than +10 percent. No
significant trends with test fluid flow rate or exit temperature were found. The data
might be interpreted as showing a slight increase in heat-transfer coefficient with in-
creasing quality. The actual boiling coefficient at the inner surface of the tube, however,
is considered to be large relative to the shell convective and tube wall conductances, and
hence could vary considerably with only a minor effect on the overall coefficient. As
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stated in the discussion of the shell temperature profiles (fig. 8), it is felt that vaporiza-
tion at the point of liquid superheat breakdown occurs from a single, well defined inter-
face. The vapor quality corresponding to the liquid superheat at breakdown varied from
about 0.01 to 0.04 over the whole range of conditions of this investigation. For sodium
at the conditions of this investigation, a flow pattern map based on generalized relations
such as Baker's (ref. 9) or recent boiling data (ref. 10) indicates that the bubble-slug-
annular two-phase flow pattern transitions occur at qualities of less than 0.005 to 0.02.
Thus, for the liquid inlet tests, a sudden transition from a liquid phase to a fully devel-
oped, stable annular-flow pattern with a minimum of liquid entrainment in the vapor core
could be expected. Such a flow pattern would be favorable for steady boiling with large
boiling heat-transfer coefficients and high qualities without the occurrence of a critical
heat-transfer condition.

Effective overall heat-transfer coefficients for tests with a two-phase inlet condition
are shown in figure 11. The quality in this sequence was increased by increasing the
heating-fluid inlet temperature with all other conditions including the preheater exit tem-
perature and pump voltage held constant. The data show a definite decrease in the effec-
tive coefficient as the quality is increased until a critical condition is reached. As the
heating-fluid temperature is increased further, the critical condition moves upstream
into the tube at successively lower qualities and with perhaps a slight increase in the
effective coefficient. In addition, as the quality increased, all the tests become increas-
ingly unsteady. The results of figure 11 do not necessarily indicate a direct effect of
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exit or critical quality on the effective heat-transfer coefficient. Instead, the decline in
the heat-transfer coefficient is probably a function of the inlet phase condition and the
rate of heating. Krakoviak (ref. 11) has reported the effectiveness of flashing at the
inlet to a boiler to obtain stable, high performance boiling. He indicated that, in addi-
tion to eliminating liquid superheat, flashing at the inlet could produce an inlet quality
sufficient to avoid the flow pattern transition from bubble to slug to annular. Such a
mechanism was suggested for the liquid-inlet tests (see discussion of fig. 8) where the
quality corresponding to the liquid superheat was always large enough to ensure an opti-
mum flow pattern. Referring to the data of figure 11, the test at an exit quality of 0.37
had an inlet quality of almost 0. 01 and a heat-transfer coefficient of 3310 Btu per hour
per square foot per °F (18 800 W/(mz)(K)) was obtained. This value of the coefficient
corresponds closely to that obtained for the liquid inlet case of figure 10 at similar val-
ues of quality at superheat breakdown. As the exit quality for the tests of figure 11 was
increased (increasing heating fluid temperature with all other conditions constant) the
pressure drop (and hence, inlet pressure) across the boiler increased. Thus there was
less temperature drop across the orifice upstream of the boiler and the boiler inlet
quality decreased. At the same time the driving temperature difference (Ato :tSi - tto)
was increasing and hence increased the local heat fluxes and the axial heat flux and qual-
ity gradients. It is believed that these two factors (inlet quality and At O) are the source
of the decrease in the effective overall heat-transfer coefficient. It should be noted that
while the heat-transfer coefficients for the liquid inlet case showed no effect of Ato, the
equivalent quality of superheat breakdown was always greater than the inlet quality of the
two-phase inlet tests.
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The effective overall heat-transfer coefficients for all the two-phase inlet tests are
shown in figure 12. These results are generally similar to those of figure 11 except for
an increase in scatter which resulted from the tests being made over a range of pre-
heater exit temperatures. There appears to be a trend for the heat-transfer perior-
mance to improve with increasing test fluid boiler exit temperature. This result might
be expected because the fluid property parameters, particularly the liquid to vapor den-
sity ratio, become more favorable as saturation temperature increases.

The sequence of results connected by arrows in figure 12(¢) (runs 224 to 228) shows
the decrease in heat-transfer coefficient caused by a decrease in the test fluid inlet
quality. In this test series the preheater exit temperature was continuously decreased
with the shell side conditions, the two-phase loop-system pressure, and the pump volt-
ages held constant. All other variables were allowed to seek their own levels. The his-
tory of this transition from a two-phase boiler inlet to a liquid phase inlet condition is
shown in figure 13. The curve for the temperature upstream of the orifice and the ori-
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fice and boiler inlet qualities are calculated and should be taken as only approximate be-
cause no direct measurements of temperature and pressure were made between the pre-
heater exit and the boiler inlet. The dashed curve (temperature at the boiler inlet if
liquid phase) represents the liquid temperature drop equivalent to the heat loss from the
orifice to the boiler inlet.

For the first test in the sequence (run 224, taken 33 min before run 225) the boiler
was operating very steadily with an inlet quality of approximately 0. 01 and an exit quality
of 0.45. The flow trace on the oscillograph (not shown in fig. 13) indicated that little
other than electrical noise and a relatively high heat-transfer coefficient was obtained.
The performance continued steady for 25§ minutes at which time a decrease in the pre-
heater exit temperature was initiated. Approximately 5 minutes after the start of the
preheater temperature ramp the flow trace on the oscillograph showed the first indica-
tion of a small oscillation with a frequency of approximately 2 hertz. At this time the
quality at the boiler inlet was at least 0.075. As the preheater exit temperature (and
test fluid inlet quality) was further reduced, the flow rate increased slightly, and the test
fluid inlet and exit temperatures and pressures remained essentially constant but with
small increases in the oscillations. At the time of run 226 the computed inlet phase con-
dition was very close to zero quality, the heat-transfer coefficient had decreased, and
the exit quality had decreased to 0.41. At approximately the same time the flow rate in-
creased suddenly, fluctuated randomly, and finally resumed a more regular oscillation,
but at a greater amplitude. This increase in flow rate might be considered as resulting
from the orifice changing from a condition of discharging vapor to that of superheated
liquid which then reverts to a saturation condition before the boiler inlet. If the fluid is
considered to be in the liquid phase, the heat loss between the orifice and the boiler inlet
would be sufficient to lower the computed inlet temperature to, or slightly, below satura-
tion at the time when the first flow rate increase occurred.

Shortly before run 227 the condenser coolant flow rate experienced a sudden, un-
known increase and the amplitude of the test fluid flow rate oscillations increased. The
boiler inlet, however, was still at a saturation condition. Approximately 40 seconds
after run 227, an oscillation of the condenser coolant flow rate developed, and the boiler
exit temperature decreased. This decrease probably resulted from the decrease in
vapor load and increase in coolant flow rate to the condenser, causing a decrease in con-
denser inlet pressure (the condenser was probably flooded with liquid) and hence a de-
crease of the boiler exit pressure and temperature. At about 20 seconds before run 228,
large, irregular fluctuations appeared in the test fluid boiler inlet temperature, pres-
sure, and flow rate. It was at this point that the computed temperature upstream of the
orifice had reached a value corresponding to saturation at the boiler inlet mean pressure.
Simultaneously with the appearance of these irregular fluctuations, the boiler shell tem-
peratures showed a sudden sharp increase. This condition continued for about 2 minutes
during which alternate slugs of liquid and vapor were entering the boiler.
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Further reductions in the preheater exit temperature resulted in subcooled liquid at
the boiler inlet and superheated liquid in the boiler. The presence of liquid within the
boiler caused a sharp decrease in exit quality and pressure drop which, in turn, caused a
flow rate increase. Subsequent reductions in the preheater exit temperature resulted
only in further reductions in the boiler inlet temperature. Later the preheater exit tem-
perature was increased. The test fluid temperature at the boiler inlet increased corre-
spondingly and finally reached a condition of liquid superheat of 97° F (54 K) without up-
stream vaporization. During this liquid feed condition, major oscillations of all the
variables were obtained corresponding to the oscillograph traces of figure 7 (run 24). It
was found that this unsteady condition could usually be eliminated by a sudden decrease
of the test fluid flow rate from a previously high value. Either a steady, liquid-inlet con-
dition or a two-phase inlet condition would result depending on the level of the preheater
exit temperature.

Local parameters. - Local parameters (heat-transfer coefficients, quality, etc.)
generally were not computed because no measurements were made of the local tube wall
or local bulk temperatures for either the test or heating fluids. Some insight into the
nature of the local overall coefficients, however, may be obtained by use of the measured
shell outside wall temperatures and by approximating the local test fluid bulk tempera-
ture from the overall pressure drop data. One way of utilizing the measured shell tem-
peratures is the method suggested by Stein (ref. 12) in which the natural logarithm of a
dimensionless shell temperature (tS - tt, i/ts,i - tt, i) is plotted against the dimensionless
axial distance (41/Pe dh). A linear plot indicates a constant heat-transfer coefficient and
the value of the coefficient is proportional to the slope of the plot. A few plots of this
type were made, which indicated the following:

(1) For the liquid inlet tests, the local overall heat-transfer coefficient was constant
in the boiling region except for a short transition length following the liquid superheat
breakdown. The value of the coefficients agreed well with those of figure 10 (~3500 Btu/
(hr)(ft2)(°F); 19 900 W/(mz)(K)). The local coefficient upstream of the location of liquid
superheat breakdown also was constant and agreed well with predictions based on liquid-
phase convection in both tube and shell and the tube wall thermal conductivity.

(2) For the two-phase inlet tests a constant local coefficient was obtained only in the
downstream section of the boiler. Near the boiler inlet a lower value of the coefficient
was obtained which gradually increased with length until reaching an asymptote whose
maximum value corresponded to that of the boiling region of the liquid inlet tests (fig. 10).
As the inlet quality was reduced and/or the Ato increased, the value of this asymptote
of constant local heat-transfer coefficient decreased corresponding to the decrease in ef-
fective overall coefficient shown in figures 11 and 12. The magnitude of this constant
coefficient varied from a maximum of approximately 3500 Btu per hour per square foot
per OF (19 900 W/(mz)(K)) to a minimum of approximately 2500 Btu per hour per square
foot per OF (14 200 W/(mz)(K)).
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The local heat-transfer coefficient may also be determined by assuming the heating
fluid (shell side) coefficient and differentiating the shell temperature distribution to ob-
tain an approximate heat flux. The actual local heating fluid bulk temperature and heat
flux can then be obtained by a trial process. Using a local test fluid temperature approxi-
mated from the overall pressure-drop data, the local overall heat-transfer coefficient,
quality, and tube wall temperatures can be computed. Results of such an approach are
shown in figure 14 for run 66. Details of the computation are given in appendix C. This.
run had a two-phase inlet condition, was relatively steady, and had a relatively large ef-
fective coefficient (3310 Btu/(hr)(ftz)(oF); 18 800 W/(mz)(K)). The local heat flux and
quality varied almost exponentially with length, while the local overall heat-transfer co-
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efficient increased in the upstream section of the boiler and was essentially constant
thereafter. The local pressure dropped imperceptably in the first half of the boiler.
This result would be expected because (as will be discussed in the section Two-Phase
Pressure Drop) the friction term is a minor part of the total pressure drop and, in the
first part of the boiler, the liquid on the tube wallis moving relatively slowly, minimizing
the frictional pressure drop while the low quality gives a small momentum pressure
drop. The computed results of figure 14 indicate that the heating fluid convection and
tube wall conduction constitute the major part of the thermal resistance. Hence large
variations in the local boiling coefficient would have only minor effects on either the
local or effective average overall coefficients.

Boiling heat-transfer coefficients. - Tube-side boiling heat-transfer coefficients
were not computed for all the tests because of the limited precision of the data and un-
certainty as to the correct value of the shell-side convective coefficient. The problem
of accuracy is well illustrated by the values shown in figure 14. The estimated tube
inner wall to test fluid bulk temperature difference for this run was less than 10° F
(5.6 K) which is close to the +1/4 percent thermocouple limit of error.

The problem arising from the uncertainty as to the shell convective coefficient is
seen by considering Dwyer's (ref. 13) prediction for the convective coefficient at a con-
stant heat-flux boundary condition. For the conditions of this investigation, Dwyer's
prediction plus the tube wall conductance gives a combined conductance of 3470 Btu per
hour per square foot per °F (19 700 W/(mz)(K)) (see appendix C), which is about the
same or even less than the experimental overall coefficients (figs. 10 and 12). Other
predictions for the shell coefficient (refs. 6 and 14), however, give values at least
25 percent greater than Dwyer. A value of the shell coefficient 25 percent greater than
Dwyer's prediction was used in the computations for figure 14. The resulting boiling
heat-transfer coefficient varied from about 15 000 to 40 000 Btu per hour per square foot
per °F (85 000 to 230 000 W/(m?)(K)).

Despite the uncertainty as to the absolute value of the boiling coefficients, the varia-
tion along the boiler is fairly well defined. Near the boiler inlet the lowest value of the
boiling coefficient is obtained which then increases rapidly as the mass quality increases
along the tube, finally attaining a relatively high value with little change thereafter. This
type of axial variation and the approximate magnitudes obtained may be taken as indi-
cating that the boiling heat transfer process may follow the models proposed by Dengler
and Addoms (ref. 15), Chen(ref. 16), and Sachs and Long (ref. 17). These models sug-
gest that initially the boiling heat transfer is primarily by nucleation (values in agree-
ment with pot boiling nucleate heat transfer) with a small additional contribution of the
stream convection. As the fluid travels along the tube and quality increases, the con-
vective term increases and the nucleate term decreases. Finally the nucleation process
is suppressed entirely and the heat transfer is by a two-phase convective process. In
this last region heat is being transferred convectively through a thin liquid film on the
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tube wall with evaporation occurring at a liquid-vapor interface. The convection is as-
sumed to be controlled by an effective velocity which is taken as a function of the local
liquid fraction. If the convectively controlled heat-transfer mechanism is correct, the
sodium boiling heat-transfer coefficients would increase less with increase in quality
than would a fluid of Prandtl number of 1 because of the relatively minor effect of veloc-
ity on liquid metal convective coefficients.

Downstream of the location of a critical heat-transfer condition, the change in the
local boiling coefficient is so rapid, and the accuracy of computation so limited that
meaningful values of the coefficient cannot be computed. The variations of the shell
temperature profiles in this region indicate that the coefficient drops quickly from a
high boiling value to one several orders of magnitude less and probably approaches the
condition of vapor convective heat transfer.

Critical heat-transfer condition. - One of the most important parameters used to
evaluate boiling performance is the condition of critical heat transfer (variously re-
ferred to as critical heat flux, DNB, boiling crises, etc.). Critical conditions were
obtained in this investigation over a wide range of qualities and locations in the boiler
and for both steady and unsteady conditions. The critical condition was taken as that at
which an inflection in the shell temperature profiles (and hence, decrease in heat-
transfer rate) was observed. The critical heat flux was computed by averaging the
values obtained by differentiating the shell temperature profile and that obtained by the
product of the effective overall coefficient and the local estimated shell to test fluid

temperature difference.

For a constant heat flux boiler it is common to present the critical quality in terms
of the critical heat flux. The value of this approach for heat exchanger data is not clear.
However, the experimental values for the sodium boiler are presented in these terms in
figure 15. Included in the figure are results for boiling potassium (refs. 1, 3, and 18).
All the data show considerable scatter, reflecting the general difficulty in determining
critical conditions as well as unsteadiness of individual runs. The two-phase inlet
sodium data show a general trend of decreasing quality with increasing heat flux, as do
the potassium data. The liquid inlet sodium data show high critical qualities at the high
heat fluxes. These data appear to vary from the trend of the two-phase inlet data. The
liquid-~inlet data at the lowest quality (Xcr ~ 0,6) are the most unsteady of the results
shown.

Critical qualities may also be presented as a function of a velocity-length parame-
ter. Figure 16 presents the sodium and reference potassium data in these terms. The
length used is that from the shell exit station or the point of liquid superheat breakdown
to the point of the critical condition. The data follow a decreasing trend of quality with
an increase of the velocity-length parameter. This same trend was found by Stone
(ref. 19) for low-pressure water boiling in a heat exchanger of similar dimensions to
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that used in this investigation. The sodium data show no particular trend with tempera-
ture level and generally fall below the potassium data. The liquid inlet data again show
generally larger values of the critical quality than do the two-phase inlet data. This
trend is consistent with a similar trend obtained for the heat-transfer coefficients and
with the postulate that the liquid inlet condition produces a more favorable two-phase
flow pattern than does the two-phase conditions of low inlet quality. It may be that dif-
ferent mechanisms operate to produce the critical condition for the two inlet feed cases.
For the case of the two-phase inlet data, the critical condition may result primarily
from a nucleate boiling process similar to that obtained in pot boiling. In the case of the
liquid-inlet tests the critical condition may result from the breakup of thin liquid films.
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Miscellaneous Results

In addition to the tests in which data were taken in a steady condition, transients
tests were made also. The effect of varying the preheater exit temperature on the boil-
ing performance has already been discussed in the section Effective overall heat-
transfer coefficients. Tests were also made in which the test fluid flow rate was gradu-
ally decreased with all other conditions held constant. The results generally agreed
with the steady run tests showing a decrease in the heat-transfer coefficient and in the
steadiness of all variables. As the lower flow rates were approached the pressure drop
across the upstream orifice decreased so that it was unable to provide a boiler inlet
quality of the required magnitude for optimum performance. At very low flow rates the
heat loss between the preheater and the boiler was great enough to cause a temperature
drop in the test fluid of a magnitude that suppressed vaporization at the orifice and pro-
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duced a subcooled liquid inlet condition at the boiler.

The results of step changes in the test fluid flow rate were consistent with the ramp
and steady condition tests. Step changes of +5 psi (34.4 kN/mz) were made in the sys-
tem pressure level with all other conditions constant. Following a very short transition
period the system and boiler readjusted to the new pressure level with no significant
changes in performance or steadiness of operation. This result might be expected be-
cause of the general insensitivity of all the results to pressure level and to the relatively
small magnitude of the pressure steps.

Most of the results reported herein were obtained with the isolating value between
the boiling loop and the expansioh tank open. A few check runs were made with the
isolating value closed giving a nominally constant inventory system. Generally no dis-
cernable difference in results was obtained with the value open or closed except for a
slight trade off between the amplitude of flow and pressure oscillations. The insensi-
tivity of the resuilts to the value position probably results from the presence of the con-
denser coolant bypass loop.

The experimental facility was operated for over 1100 hours at temperatures from
approximately 800° to 2200° F (700 to 1477 K). Only a single shutdown was experienced
that resulted from the failure of a stainless-steel valve bellows. All the columbium al-
loy components were fabricated and operated successfully without major problems. Al-
though no detailed post-test metallurgical analysis was made, visual observations
showed no serious effects of corrosion or oxidation. After the aforementioned valve
failure, a section of the columbium alloy tubing between the preheater and boiler was
removed. Examination of this sample showed the presence of a hard, thin layer, ap-
proximately 0.002 inch (0.051 mm) thick, on the inside surface of the tube. X-ray
diffraction tests indicated this layer to consist of a sodium-oxygen-columbium com-
pound. In addition, photomicrographs and chemical analysis indicated that some mass
transfer had occurred. There was no indication, however, that these factors affected
the nature or repeatability of the heat-transfer results. Chemical analysis and visual
examination of the tantalum foil wrap showed no evidence of oxidation of the exterior of
the columbium from the vacuum environment. Once the system in the vacuum tank was
outgassed at the maximum temperature there was no difficulty in maintaining the desired
vacuum environment with respect to both total and oxygen partial pressure. Sodium was
charged into the system, purified, tested, and drained without major problems. Chemi-
cal analysis of sodium samples taken during and after the test period showed purity
levels (especially oxides) to be well within acceptable limits.

Two-Phase Pressure Drop

Typical variations of the experimental two-phase pressure drop are presented in
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figure 17 as a function of the test fluid flow rate for various heating fluid inlet tempera-
tures at constant heating fluid flow rate and for a nominal tube exit temperature of
1740° F (1222 K). Data are given for both two-phase and liquid-phase inlet conditions.
For both cases the data generally show a positive slope with increasing test fluid flow
rate as well as can be determined within the experimental scatter. The total two-phase
pressure drop increases with increasing heating-fluid inlet temperature (increasing
quality) at constant test-fluid flow rate. Similar results were obtained at the other
(higher) tube-exit temperature levels, but with a decrease in the magnitude of the pres-
sure drop. This reduction would be expected from the decrease in liquid-vapor density
ratio with the increase in temperature-pressure.

All the experimental pressure drop data are presented in figure 18 as a function of
the outlet quality. The pressure-drop parameter for the upper curve in each data set is
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the total measured pressure drop minus the liquid static head normalized with respect to
the liquid-phase velqcity head. The static-head correction was computed by a modifica-
tion of the method of reference 19 and was practically negligible in most cases. The
lower curve represents the two-phase frictional pressure drop. The use of the liquid
velocity head is purely arbitrary and is used for normalization purposes. Results are
given for both the two-phase and liquid inlet conditions. The faired curves in figure 18
are arbitrarily faired through the data for identification purposes only and are identical
for the two-phase and liquid inlet cases. The frictional pressure drop was obtained by
subtracting out the momentum pressure drop, which was calculated using the liquid
fraction correlation of Baroczy (ref. 20). The liquid velocity head appears to normalize
the two-phase pressure drops fairly well for all conditions except where critical heat-
transfer conditions were exceeded. A spread in the pressure drop at postcritical condi-
tions would be expected. Both the frictional and the sum of the momentum and frictional
pressure drops decrease with increase in the tube exit pressure. The momentum pres-
sure drop was approximately 1% times the two-phase frictional pressure drop over the
range of investigation. The results for the liquid-phase inlet condition appear to be al-
most the same as for the two-phase inlet condition, although in the liquid-phase inlet
case the length of two-phase friction is reduced and variable. This result was expected
because the pressure drops in the first part of the boiler are always small. Thus,
whether the frictional drop is liquid or two-phase in this region would make little change
in the total pressure drop. No attempts were made to correlate the data or compute two-
phase friction factors because of the doubtful applicability of existing correlations and
uncertainty as to the correct definition of two-phase properties, Reynolds numbers, and

friction factors.

Liquid Superheat

The initiation of boiling was one of the major problems encountered. This problem
arises from the ability of sodium to maintain itself in a liquid state at temperatures con-
siderably above saturation. This condition of liquid superheat was experienced by Bond
and Hoffman (refs. 2 and 3) for potasssium and sodium in natural circulation and forced-
flow loops with a constant flux heating condition. A series of tests were made in this
investigation to determine the maximum bulk superheat at boiling initiation. Runs were
made in which boiling initiation at the tube exit was achieved by raising the heating fluid
inlet temperature and also by lowering the test fluid exit pressure with all other condi-
tions held constant. The results of these tests are shown in figure 19. The bulk super-
heat is defined as the test fluid bulk temperature minus the local test fluid saturation
temperature at the point just before boiling was initiated. Included in the figure are the

40



Test fluid flow rate, Data obtained by-
Wy,

ibm/hr (gfsec)

O 48210490 (60.7to 61.7) Raising heating fluid inlet tem-
[m] 228 (28.7) perature at constant test fluid
flow rate and exit pressure
0 487 (61.3) Lowering test fluid exit pressure
O 31310320 (39.51040.3)  at constant test fluid flow rate
1000 — and heating fluid inlet temperature
00— 800 Radius,
600 L
| | in.  (mm)
~ 0 400 1x107 (2 54x107%)
E &
S o
S ol £ 20 8
= 00— g -5 -4
> w— S 3, 2x1077 (8. 13x10™)
= F = o)
% 60_— é 100{—
2 80—
o~ = L
60—
- i 1x1074 (2. 54x1073)
ol 40—
2 I | I I |
1400 1500 1600 1700 1800 1900 2000 2100

Test fluid exit saturation temperature, tt, 0, sat: °F

I | I I | I | I I |
1040 1080 1120 1160 1200 1240 1480 1320 1360 1400
Test fluid exit saturation temperature, tt, 0, satr K

Figure 19. - Liquid bulk superheat required to initiate boiling at test fluid exit.
Nominal heating fluid flow rate, 5000 pounds mass per hour (630 g/sec).

predicted bulk superheats obtained from the static force balance on a spherical bubble as
given by the relation

and the vapor pressure curve of reference 21. This computed bubble radius is a mea-
sure of the effective cavity size required for the initiation of nucleation.

The experimental results appear to follow a line of constant radius (~3. 2><1O'5 in.;
~8. 13><1O_4 mm). No significant differences in bulk superheat are apparent with either
the method of boiling initiation or the test fluid flow rate. It should be noted that, be-
cause of the large heating fluid flow rate relative to the test fluid flow rate, the exit re-

gion of the boiler during liquid phase flow was at an essentially isothermal condition and
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zero heat flux. The indicated effective radius is extremely small. However, the photo-
micrographs of the Cb -~ 1-Zr tube wall given by Bond (ref. 2) indicate that the radius of
available effective cavities was in the range of 5x1076 to 1x107% inch ( 1.3x107% to

2. 5><10'3 mm). Edwards and Hoffman (ref. 22) also indicated effective cavity sizes of
the same order of magnitude for the initiation of boiling of potassium in a 316 stainless-
steel as-received tube.

Holtz and Chen (refs. 23 and 24) have suggested that the incipient boiling condition
is determined by the effective cavity size corresponding to the maximum cavity deactiva-
tion condition (maximum pressure and minimum temperature) encountered before nu-
cleation. To apply Chen's predictions, however, requires knowledge of the cavity geom-
etry, contact angle, and residual inert gas pressure in the cavity as well as the prior
pressure-temperature history. If a cylindrical cavity with a residual inert-gas partial
pressure of 1 psia (6.9 kN/mz) is assumed, Chen's analysis predicts that a cavity of
3. 5><10’5 inch (8. 9><10'4 mm) would give the experimental values of bulk liquid superheat
for boiling incipience.

The values for incipient bulk liguid superheat shown in figure 19 should not be con-
fused with the values that exist in the liquid-phase inlet boiling tests (discussed in the
section Boiling Heat Transfer), which are not a measure of boiling incipience but repre-
sent an equilibrium vaporization condition after boiling has been started. These liquid
superheats obtained during boiling were always less than the values given in figure 19.

SUMMARY OF RESULTS

The experimental investigation of sodium boiling in a single tube-in-shell heat ex-
changer reported herein is summarized as follows:

1. The refractory metal experimental boiler was operated in a vacuum environment
for over 1100 hours at temperatures from approximately 800° to 2200° F (700 to 1477 K).
Boiling was obtained over a range of flow rates from 75 to 380 pounds per hour (9.4 to
48 g/sec), boiling temperatures from 1720° to 1980° F (1211 to 1355 K), and exit vapor
qualities up to 93 percent.

2. No major operational problems were encountered in the use of columbium -
1-percent-zirconium components, the handling of the sodium, and the attainment of the
proper vacuum environment.

3. Sodium pressure drop and heat-transfer data were obtained in the liquid phase,
and extensive boiling test data were obtained, including overall heat-transfer coeffi-
cients, two-phase pressure drop, boiler outlet quality, and critical heat-transfer condi-

tions.
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4. The sizable amount of liquid superheat required for boiling initiation was deter-
mined both by increasing the heating fluid temperature and decreasing the boiling fluid
pressure.

5. Boiling was obtained with two different tube inlet feed conditions: (a) a two-phase
inlet condition obtained from flashing at an orifice upstream of the boiler, and (b) liquid-
phase inlet conditions, including subcooled and superheated liquid feeds and liquid super-
heat within the boiler. For the two-phase inlet, unsteadiness and lowered heat-transfer
performance were obtained as the amount of inlet flashing was reduced. Steady, high
performance boiling was generally obtained with the liquid-phase inlet condition.

6. Critical heat-transfer conditions at qualities in excess of 0.9 were obtained
under steady conditions. The value of the critical quality and its variation with boiler
operating conditions appeared to be a function of both the inlet feed condition and the
steadiness of the test.

7. Over the range of the investigation, the two-phase pressure drops as a function
of tube exit quality could be normalized adequately by the liquid-phase velocity head.

The two-phase momentum loss was approximately 1% times the two-phase frictional
pressure drop of the boiler tube.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, March 3, 1969,
120-27-02-03-22.
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APPENDIX A

SYMBOLS

All symbols are defined for both the U.S. Customary units and the International
System (SI) units. U.S. Customary units are defined in terms of the foot-hour-pound
mass convention, although inches and seconds are sometimes used in the text. All equa-
tions, of course, require units which are dimensionally consistent.

A area, ftz; m2

c liquid specific heat capacity at constant pressure, Btu/(1bm)(°F); J/(kg)(K)
d diameter, ft; m

e effective height of irregularities in tube wall, ft; m

f friction factor defined as f = 2g, AP/(Z/d)sz, dimensionless

G mass velocity, Iom/(hr)(ft?); ke/(sec)(m?)

g acceleration due to gravity, 4. 17x108 ft/hr2; 9.81 m/sec2

g, conversion factor, 4. 17x108 ft—lbm/(lbf)(hrz); 1.0 (m)(kg)/(N)(secz)

H fluid enthalpy, Btu/lbm; J/kg

h heat-transfer coefficient, Btu/(hr)(ftz)(oF); W/(mz)(K)

I enthalpy rate ratio = (Wc)S/ (Wc)t, dimensionless

K two-phase velocity ratio, Vg/Vf, dimensionless

k thermal conductivity, Btu/(hr)(ft)(°F); W/mK

L axial length along boiler measured from reference plane, see fig. 5, ft; m
Nu Nusselt number, dimensionless

P absolute pressure, lbf/ftz; kN/m2

Pe Peclet number, dimensionless

Q rate of heat transfer, Btu/hr; W

q heat flux based on tube inside diameter, Btu/ (hr)(ftz),- W/m2

R fraction of tube cross-sectional area occupied by liquid, dimensionless
Re Reynolds number, dimensionless

r radius, ft; m
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pec %

s thickness of conducting layer, ft; m

t temperature, 0F; K

U overall heat-transfer coefficient for heat exchanger, Btu/ (hr)(ftz)(oF);
W/(m)(K)

\' velocity, ft/sec; m/sec

w mass flow rate, lbm/hr; kg/sec

X thermodynamic quality, dimensionless

€ eddy diffusivity for momentum, ftz/hr; m2/sec

] logarithmic mean temperature difference, oF; K

v kinematic viscosity, ftz/hr; mz/sec

p density, 1bm/ft3; kg/m3

o vapor-liquid surface tension, lbf/ft; kg/m

Subscripts:

a average

c contact condenser

cr critical heat-transfer condition

e effective

F friction

f liquid phase

fg vaporization

G gravitational

g vapor phase

h hydraulic

i inlet or inside

Z indicates axial location along boiler of variable of interest

m momentum

max maximum

min minimum

o outlet or outside

s shell
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sat
sc

TP
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saturation
subcooled
two-phase condition
tube

wall
measuring station at inlet of a component

measuring station at outlet of a component
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APPENDIX B

CALIBRATIONS

Various calibrating tests were made in order to determine instrument calibrations
and corrections, component pressure-drop characteristics, heat balances, and liquid-
phase convective heat transfer.

Pressure Instrumentation

In-loop calibrations were made for all pressure transducers. All these calibrations
were made against the cover-gas pressure in the respective expansion tanks with pre-
cision (0. 1 percent) Bourdon pressure gages used as a reference. These calibrations
were made before and after the boiling test period. Measurements were made with the
loops filled with argon both at room temperature and with all transducers and isolating
diaphragms at operating temperatures. Calibrations were also performed with the sys-
tem filled with hot liquid sodium and all flow stopped. After correcting for liquid static
heads, the liquid and gas calibrations agreed well. Both the scatter of the data points
for each individual calibration and the reproducibility from one calibration to another
was within +1 percent of full scale. This is equivalent to +0. 75 psi (5.2 kN/m2) for the
transducer used.

Thermocouple Corrections

The platinum - platinum-13-percent-rhodium thermocouple wire was calibrated by
the vendor and was within the ISA +1/4 percent specification. A direct in-place calibra-
tion of the thermocouples was not possible because of the inaccessibility of the equipment
inside the vacuum tank and the difficulty of introducing an accurate and reliable refer-
ence. Calibrations were developed for the surface inlet and exit thermocouples on the
tube side of the boiler and at the condenser vapor inlet by plotting the measured temper-
atures against the respective pressures for tests in which saturation conditions existed
assuming thermal equilibrium. Such data are plotted in figure 20 for thermocouples
spotwelded to the metal surface together with the saturation curve for sodium given in
reference 21. A scatter band based on the reference saturation curve and the nominal
error of pressure and temperature measurements is also indicated. Although much of
the data fall within the scatter band, particularly for the condenser inlet, the boiler tube
measurements appear to bias toward low temperatures and show an increasing deviation
with increasing temperature. The saturation curve of reference 21 was determined with
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Figure 20. - Comparison of measured pressures and temperatures with
reference saturation curve for sodium.

a high degree of precision and is accepted as essentially correct. In view of these con-
siderations, it was decided that the boiler-tube temperatures were reading low, and
correction curves were developed based on measured temperatures and temperatures
given by the reference saturation curve at measured pressures.

The shell and heating fluid thermocouple readings are considered to be accurate
without corrections. Heat balances plus the large amount of thermal insulation around
the boiler indicated very little heat loss (and hence no conduction corrections) except at
the end plenums where conduction effects could become important. Isothermal tests
showed negligible difference between the thermocouples distributed along the shell or
between the shell temperatures and the heating fluid inlet and exit surface thermo-
couples. In addition, liquid-liquid heat-transfer tests were made in which the heating
fluid flow rate was many times that of the test fluid flow rate. For these conditions a
heat exchanger effectiveness of almost 100 percent should exist with the region of the
shell near the heating fluid inlet near isothermal. Such was the case, and the corrected
tube side exit temperatures agreed well with the uncorrected shell temperatures in this
region as well as with the uncorrected heating fluid inlet temperature.

Liquid-Phase Tests

System pressure calibration. - The data obtained during the system pressure-drop
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calibration are presented in table IIl. These data were obtained during the final test
series in which pump 3 was installed and operated in both the forward and reverse
modes. All pressures listed in table Il are the absolute pressures at the pressure tap
elevations shown in figure 1 (p. 4). The throttle valve downstream of pump 1 was in the
open position for all the data of table III. The pressure drop from the throttle valve to
the test section inlet is corrected for static head to the test section inlet elevation. The
characteristics of the two pumps were close to that expected, the pumps being essen-
tially constant head machines in the flow-rate range of interest. The measured head
developed by pump 1 was generally less than that given in the vendor's performance
curves, and pump 3 developed a greater head than predicted. The reasons for these
discrepancies are not known but may be related to the amount of cooling air applied to
the pumps. In addition, the predicted performance of pump 3 is calculated and is not
based on any experimental data. The measured performance of both pumps was gener-
ally consistent and repeatable.

The pressure drop from the pump 1 outlet to the boiler inlet is shown in figure 21 as
a function of the test fluid flow rate for the case of the pump 1 operating alone. The data

O Pump 1 voltage varied and pump 3

400 — off, pressure drop from pump 1
outlet to test boiler inlet
| o
200 B Pump 3 at 90 V bucking
20—
o~
E 100—
Z 80_ “Orifice
- — -Qrifice
g — ‘G 10_——
e O = 85 Pump3atdsy
2 R B bucking
8 - e O ~Pump 3
o- 2 - (hydraulic)
£ 4
20— T
/ N
A // “-Throttle valve
/
10— /
/
1 AR S I T B
40 60 80 100 200 400 600
Test-fluid flow rate, Ibm/hr
L1l I N
6 8 10 20 40 60 80

Test-fluid flow rate, g/sec

Figure 21. - Liquid pressure drops upstream of test boiler.
Orifice and pump 3 (hydraulic) curves from water cali-
brations. Throttle valve curve from data of table III.
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appear to follow a square function of the flow rate through most of the range of interest.
This pressure drop consists of the drop through the throttle valve, the preheater,

pump 3, the orifice, and connecting lines. The pressure drops through the preheater
and connecting lines are very small, approximately 5 percent of the total drop ahead of
the boiler. The pressure drops through the rest of the system are also small. Also in-
cluded in figure 21 are the pressure-drop characteristics of the other components up-
stream of the boiler. The pressure drop across the orifice was obtained from a water
calibration and shows a characteristic more like a short nozzle than that of a standard
square-edge orifice. The pressure drop across the throttle valve was obtained from the
data of table III. The hydraulic pressure drop across pump 3 was obtained from a water
calibration of the pump cell. The electrical braking or electric pressure drop of pump 3
when operated in the reverse mode may be obtained by taking the difference in pressure
drops with and without bucking at the same flow rate. This electrical pressure drop is
shown in figure 21 for two pump voltages. The pressure drop is almost independent of
flow reflecting the constant head characteristic of the pump.

Boiler calibrations. - The data obtained during the calibration tests of the boiler for
pressure drop, heat balance checks, and liquid-phase convective heat-transfer rates are
given in tables IV and V (pp. 120 to 125). Table V presents the shell temperature dis-
tributions obtained during these tests. The data in these tables include that taken during
both the preliminary and final test periods.

The experimental pressure drop across the boiler tube is shown in figure 22(a) as a
function of the test-fluid flow rate. The data shown are the measured values corrected
for the inlet contraction and exit expansion effects and for the liquid static head to the
pressure tap. In addition, no runs of table IV were plotted for which the pressure dif-
ferences approached the limits of accuracy of measurements. The solid line drawn in
figure 22(a) is a square function of the flow rate and represents the data fairly well ex-
cept at the smaller flow rates where a possible transition region may exist. The same
data are shown in figure 22(b) in the form of a friction factor f against the Reynolds
number. The reference curves for commercial pipe and for various values of the rela-
tive roughness e/d are taken from the Moody chart as given in reference 25. The data
follow the reference curve for commercial steel pipe very well and appear to be entering
the transition region at Reynolds numbers less than 3><105. The band of relative rough-
ness values in which the data lie is approximately equal to the procurement specification
tolerance for the tube inside diameter.

The heat balance across the boiler is shown by the data of figure 23, where the heat
absorbed by the tube flow is plotted against the heat given up by the shell. Again, no
data of table IV for which the temperature differences approach the limits of tempera-
ture measurement accuracy are shown in figure 23. Practically all the data fall within
a +10 percent variation from a line of perfect agreement. The data may be interpreted
as showing a slightly smaller heating rate for the tube as compared with the shell, but

50




o o 6
g o 4
S A S
25 g
e= = 2
S8 10— £
5% 3F 2
k= - v
= 6 g .8
=35 99
=4 Lol
1000 10 000
Test fluid flow rate, Wy, lbm/hr
I | I I B N II
100 1000
Test fluid flow rate, a/sec
(a) Pressure drop as function of flow rate.
.1_. Clean commercial _ -
s steel and wrought ™~ _~Complete turbutence Relative
Rl - H ~~<Z_ rough pipes roughness
- 06 iron pipe, 0.5in. =~ ratio
= T UINU (L2 em) i d, S~ o
(=3 \
E’ 04— '%36
L N —
S AN =002
NS \
frs f= 64/Re \\
.01 ool el e
103 104 10° 106

Reynolds number, Re
(b) Friction factor as function of Reynold's number.

Figure 22. - Experimental boiler tube liquid-phase frictional pressure drop.

the magnitude of this heat loss is very small, indicating a very high effectiveness for the
foil wrap insulation on the shell. Heat losses from the main body of the boiler shell are
considered negligible; the main heat losses probably occur at the end plenums where the
larger shell-wall thickness increases conduction and where radiation is increased by
virtue of the larger diameter of the end plenums.

Liquid convective heat transfer. - The data of tables IV and V provide information
from which overall liquid metal heat-transfer coefficients may be calculated. It was not
intended in this report to make a detailed analysis of liquid metal convective heat trans-
fer. However, a few check calculations were made primarily to determine values of the
annulus convective coefficient for use in comparing with the boiling overall heat-transfer
coefficients. The heat-transfer coefficients were computed using the customary loga-
rithmic mean temperature difference based on the heat exchanger terminal temperatures,
as well as the method suggested by Stein (ref. 12), which uses a dimensionless local
shell temperature and a dimensionless axial distance. The analyses using the local
shell temperatures indicated that the overall heat-transfer coefficient was fully devel-
oped and constant over nearly the entire length of the heat exchanger., End effects would
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be expected, resulting from end heat loss and conduction, the reduction in diameter at
the tube inlet, the large change in the annulus cross-sectional area, and the normal
temperature and velocity profile development lengths.

The experimental overall coefficients for the case of the enthalpy rate ratio (I)
equal to unity appeared to agree with values based on the predictions of Dwyer (ref. 13)
for tubes and annuli. The tube wall conductivity was taken from reference 26. For the
case of enthalpy rate ratios other than unity, Stein (ref. 14) predicts that the constant
temperature solution represents a lower limit for the Nusselt number at very large
values of I and that the Nusselt number can exceed the constant heat flux solution for
values of I less than unity. This last case is of interest as it is the condition for the
shell heat transfer during boiling. A few experimental liquid-phase overall heat-
transfer coefficients were computed for a constant shell flow rate and varying values
of I. Although the data are limited with respect to extent and accuracy, they do appear
to follow the trend predicted by Stein. For all the cases calculated there was no explicit
evidence of a significant contact resistance that might arise from sodium oxide films or

argon gas layers.
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APPENDIX C

CALCULATIONS
Heat-Transfer Coefficients and Quality

The rate of heat transfer to the test fluid is based primarily on the shell side mea-
surements from the relation

Qg = Wgeg(at)g

where (At) s is the difference in measured shell temperatures at axial locations appro-
priate to the case of interest. All the boiling runs can be classified as one of four cases
as indicated in figure 24.

5,0 ] ol
Wi [~ I_‘\ % cr, s'atf
tt, o[ | - I tt,
0 b
® Length Length
% Case I: two-phase inlet. Case II: two-phase inlet and criti-
= Lcal heat-transfer condition.
te [ —
s, i [ ts i |
ts, crl |
ts e tsel
5,0 ol
Y i, sat ;\ %, i, sat[ = -—'\l
| |
i | i L
b br b
Length Length
Case I1I: liquid inlet, Case IV: liquid inlet and critical

heat-transfer condition.

Figure 24. - Boiling run classifications.
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The overall heat-transfer coefficient U is based on an area A associated with the
inside diameter of the tube and is defined as

where 6 is a logarithmic mean temperature difference between the heating and test
fluids defined as

0= (Atmax - min)

At
m( m>
Atmin
where Atm and At

ax min 2¥€ the maximum and minimum temperature differences be-
tween fluids taken at axial location appropriate to the case of interest. The area A is
taken between the same axial locations.
The rate of heat transfer required to raise the test fluid to a liquid saturation condi-
tion QS c when it enters the boiler in a subcooled condition is given by

At

Qs = Wiciltsat ~ i )
where tsat is the saturation temperature corresponding to the test fluid pressure at the
axial location where the thermodynamic quality is zero.

The thermodynamic quality is defined as

H QS_QSC_H
f,i V W
X = t t » +}%
H
fg, 1

where the subscript ¢ refers to the axial location of interest and X1 is the quality
(positive values only) of the test fluid entering the boiler for the two-phase inlet tests.
This relation assumes no pressure drop from the tube inlet to the point of zero quality
for subcooled inlet cases.

Specific relations and definitions for the four boiling cases are as follows:

Case I: Two-phase inlet and no critical heat-transfer condition. -

Qg = Wscs(ts,i - L, o
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where t i and t ,0 are shell temperatures taken from a faired curve at the 46.5-inch
(118- cm) and 0 statlons respectively.

At ax = (ts,i - tt, o
At in = (ts, o~ 1:t,i)

where (lO - li) is the length from O to 46, 5-inch (118-cm) station. For this case the
overall coefficient averaged over the entire boiler Ua and the effective coefficient Ue
are identical.

For the quality calculation, the location ¢ is taken at the 46.5-inch (118-cm) sta-
tion and the test fluid condition is assumed to be equal to the measured tube exit values.

Case II: Two-phase inlet and critical heat-transfer condition. - The average over-
all heat-transfer coefficient Ua and exit quality are computed as for case I. For the
effective overall heat-transfer coefficient QS = Wscs(ts, er - ts, O), where ts, er is the
shell temperature at the critical heat-transfer condition (taken at point of inflection of
shell profile), Aty oy = (tS er ~
proximation of the quality at the critical location’ was made using an estimated value of
the test fluid temperature. A two-phase frictional pressure drop for this quality was
obtained from the faired curves of figure 18. This pressure drop is that which would

t cr), where ’ct was determined as follows. An ap-

occur over the entire tube length so it was reduced by the ratio of the critical boiling
length 2 er (taken from the tube inlet to the critical location) to the total tube length. To
this adjusted frictional pressure drop was added the appropriate momentum and gravita-
tional pressure drops. Subtracting this total-pressure drop from the measured inlet
pressure gave the pressure at the critical location. Finally, a smooth curve was faired
through this pressure and the measured inlet and exit pressures. The faired value of
pressure at the critical location (and, hence, saturation temperature) was that used in
calculations.

Atiin = (ts, o™k, )

A= 1Td(lcr - Zi)

where l is the length from O to critical location. For the effective critical quality
calculatlon Hf ) and Hf are evaluated at temperature tt cr-

Case III: L1qu1d—phase 1n1et and no critical heat- transfer condition. - Again the
average overall heat-transfer coefficient and exit quality are computed as for case I,
For the effective coefficient the boiling length is taken as extending from a location
slightly beyond the point of liquid superheat breakdown to the end of the tube. This
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location ¢ e Was arbitrarily selected to eliminate a short transition section following the

liquid superheat breakdown.

Qg = Wscs(ts, i ts, e

where ts, e is the shell temperature at ! e
Atpax = (ts, i~ tt, o
At vin = (ts, e &, e

where tt e is the saturation temperature at the pressure equal to the inlet pressure
minus all gravitational and momentum heads from the tube inlet to Lo

A, =md(l, - le)
For the effective quality calculation Hf ) and Hfg ; are evaluated at tt, e

Case IV: Liquid-phase inlet and critical heat- transfer condition. - The average
heat-transfer coefficients and exit quality are computed as for the other cases.

For the effective coefficient the boiling length is taken as the same as for case III
except it extends only to the critical location instead of to the tube exit.

Qg = Wscs(ts, er " ts, e

At = (t

max s,cr tt, cr)

At pin = (ts, e ™k, e)

A= 7Td(lcr - Ze)

. The temperatures tt er and tt o are obtained in the same manner as for the corre-
sponding values of cases II and I’II, respectively. For the effective critical quality

Hf, 7 and Hfg, 7 are evaluated at tt, or-

Pressure Drop

The experimental pressure drop across the boiler tube was obtained by taking the
difference of the measured inlet and exit pressures. The two-phase frictional pressure
drop was obtained by subtracting calculated values of the gravitational and momentum
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loss terms from the measured values of total pressure drop as follows:
APppy = AP; - AP - APg
where APt is the measured pressure drop across the boiler tube. The gravitational
loss, APG, consists of two terms, the static head corresponding to the region of all
liquid and that for the two-phase region,
APG = APG, gt APG, TP
APG £ = Pels

where lf is the distance from the boiler inlet to the location of the first appearance of

vaporization. The two-phase gravitational term is given by the relation of reference 19,
e - B
p p
, (1_ 17 1 1+X, 17f
- K K K
AP = peleoe | B- K Pg In Pg

G, TP = Pr'TP |, ﬁ 2 X ’

¢ 1 Pt 1 Pt °

K K
Peg Re = .

-

where K is the ratio of the mean vapor velocity to the mean liquid velocity and was
taken as equal to the cube root of the liquid to vapor density ratio,

p\L/3

o

K=
g

The momentum loss term APm was obtained from

2
ap -G (1 1

m gc

Po Pg

where p o is the mean two-phase density at the boiler exit and Pg is the liquid density
at the boiler inlet. For the case of separated phases and slip, the momentum term may
be written in terms of the cross-sectional area liquid fraction (liquid holdup) as

57




2
_G2 pfxﬁ 4_(1'Xo)_1

AP =
P8 | [Pg(l - Ry) R,

m

where the liquid fraction at the boiler exit R, is taken from the correlation of Baroczy
(ref. 20).

Shell and Tube Wall Thermal Conductance

In order to compute the boiling heat-transfer coefficient from the measured overall
heat-transfer coefficient the thermal conductance of the shell convection and of the tube
wall must be known. The conductance of the tube wall referenced to the tube inside di-
ameter is

The thermal conductivity of the Cb - 1-Zr alloy was taken from reference 26.
Dwyer (ref. 13) gives relations for the shell convection for the case of a constant
heat-flux condition. For the geometry of this investigation, the relation is,

[ 70.781

h d
Nu_ =-51N_5 94,0 0215|pe - _1:82Re

Sk <€ >1.4

Reference 13 also gives the term (emax/ v) as a function of the Reynolds number Re.
Assuming a heating fluid flow rate of 5000 pounds per hour (630 g/sec) and an average
temperature of 2000° F (1366 K), Dwyer's prediction gives a shell convective coefficient
referenced to the tube inside diameter of 6090 Btu per hour per square foot per Op
(34 600 W/(m2)(K)).

Assuming a mean tube wall temperature of 1900° F (1310 K) yields a value of
8060 Btu per hour per square foot per Op (46 000 W/(mz)(K)) for the tube wall conduc-
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tance. The combined conductance then is 3470 Btu per hour per square foot per Op
(19 700 W/(m2)(K)). .

The prediction of Lyons (ref. 6) for the shell convective coefficient is approximately
25 to 30 percent greater than Dwyer's. The analysis of Stein (ref. 14) suggests that the
shell convective coefficient for a boiling liquid-metal heat exchanger could be apprecia-
bly greater than the predictions for the constant heat flux condition. If a coefficient is
assumed 25 percent greater than Dwyer's, the combined convective and wall conductance
becomes 3920 Btu per hour per square foot per °F (22 200 W/(mz)(K)).
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TABLE I. - DATA

{2) U.3.

Boiler measurements Condenser measurements

Flow rate, hm/hr | B i i Temperature, °F Coolant Shell temperaturs Outlat
°p
Heating | Test Test fluid Test fluid Heating fluid Flow inlet 1 Te Progs~
fluid, flgid, rate, tem~ §AE6-I [AUI2-IL § popa- [anre,
W W, Inlet, Qutlet, Inlet, | Outlet, Inlet, | Outlet, w,, station, | station. | type, |p

Pir Pen Te.r o | T

pera- ST
8,1 e 1 7 e,8 8 Te, 10 jpsia
T b1, °F

L)F

163951 | 173843 1921 1843 1440 1164 159331 | 143443
1669:1 | 173624 1933 1847 1430 114341 | 1705223 | 1456+2
17065 [ 1736410 ; 1926 1544 3470 1352 ® 148721
169101 | 173743 1937 1844 1420 1152 1863:50 | 149442
170140 [ 173723 1845 1847 1400 116321 it 152643 14554 3
169843 | 173543 1926 1827+1 | 2320 D87+1 | 133543 123141 119741

4950 k33

4990 8634
4960 88410
4980 9412
4960 9911
4980 8942

o

-3
AR+

S0 an
b4
3
[+

—

Lo ke

S

e
ERVTE R R S
o
3

&
-~
o

BB BS RS ORI A

o
[EN

-3
>0

-1
W

al

4980 101z11 8. 810. 4
4980 | 10419 29.020.3
5040 | 10448 29.2:0.2
4950 | 11448
4940 1 119:4
4990 | 124411

[+1)

176243 1 173649 1895 180524 | 3770 1303 151918 | 1443211 | 140346
1764%2 | 173749 1894 1801 3790 1303 1535 144944
1766+2 | 1738210 | 1805 1808x1 1 5450 1342 1643:40 | 150821
177443 | 173429 1967 185811 | 5930 e 1692225 | 15817:2
177645 1173226 1966 5970 1343 168434 | 1482.2
176843 117317 1930 3330 1260 1760 :

R

[
S oe1 S 3
s

-
O b mt
e DO

=

X0

IS B B P
& =y

o

ED O3 RO DY
e

(=1
an

3 oo
N i I

=T g
P>
[T
o

1782¢1 | 1735+10 | 1865 354 6080 34 1677242
19683 | 173148 1929 5 3369 s 1707415
4980 [ 137113 176063 | 173510 [ 1965 458:3 | HR20 1364 1725
4920 | 140413 . 179043 | 174010 | 1985 85t 4420 34T+1 | 1T30AL
4920 1 142411 2. 410, 6 126, 1789:4 | 174128 1978 B¢ 368 1882438
4950 . 2:0.3735. 177342 173429 1925 316 4 289%1 [ 172642

4980 | 125:10
4970 | 126314

&

1

o e

]
3t

S

s

i
[t

T
[ I R X

f=2)

4
72
44
i1

-
e

proaaet i
hg pg b

.
o
=3 o
=L
B3

-

4510
4570
4980 :
4890 L5401
19920 | 149413 | 32. 140

4990 | 156732 | 30.5:0.6

o
e

[ R
s O

it

oo

1785:4 1174428 | 1965 ! 63547 08+10 | 143842
177142 § 174146 1907 1808 63
178943 | 1742210 | 1976 1851
178251 [ 194243 ) 1887 186

2

1S by B
e
a

e s O
ES e

D oo
5 &
e =

-7
ek
£
DY BD

En R §

17860 | 174045 16564 4

142 575 3 3342 154845 | 148121
177544 | 1736419 § 1934 18 3

182854 | 148642

[

=

5010 67 30, 3:0. 3 LA40. 9] 177322 | 173447 1927 1814 2 1303
4950 _é 31. 74 SR 17571 [ 174340 1968 1861 3 37C 1401+1
4970 ) 176+11 178321 | 174242 1863 1860 38 1382 1642218
5006 | 176:8 1788+2 | 173847 1964 1843 5234 1388 1731
4970 | 171711 17870 | 173948 1982 1840+1 ] 136441 | 173142
4930 | 185:15 181645 | 173946 2085 1936+2 | 59 1732

S

& -
by o

Pt
[543
=
[
66
i}

-
<o

N
1 1 1o
=3
5 b
e
-3 an

&3

@& onl
[
L
~1

5820 | 18742 54 . 168552 | 173950 | 1962 1858 | 32004400 202 | 1729

e0] 4930 | 180412 710,526, 140.8{ 18174 | 1740:5 | 2066116 | 191121 | 6010 363+1 | 17351
81] 4930 | 189419 | 36.5.0.826.0:0.7] 181645 | 173857 | 2073 192544 | 6130 362 | 17a0sz
24| 5000 | 102+33 23.843.5 | 170541 | 1719232 | 1962 189544 | 5800 209 | 1408518
60] 4990 | 19423 .040.3]25.450.6 177922 | 173425 | 1924 1814 | 2030 218 | 172442
68] 5910 | 19443 | 29.740.2|25.450.7] 17692 | 1733:8 | 1382 1801 | 2040 32541 | 172442

indeterminate.

bF‘ indicates two phase; TF, transition from two phase to liquid phase; 1., liquid phase.

% indicates very steady with essentially no ogcillations; 8O, between § and Q) Q, relatively small-ampiitude regular vscillations;
OF, between Q and F; F, large amplitude oseillations which are not necessarily regular.

dPogition of valve in line connecting expansion tank to two-phase loop. O indicates open; C, clo
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[

FOR TWO-PHASE RUNS

customary units

Test fluid
Pres- |Inlet sub-
sure cooling,
drop, ATSC,
APy, oF
psi

2.7 120
3.1 93
3.5 59
3.6 5
3.6 65
3.5 66
3.1 0
3.2
3.2
4.8
5.5
4.5
5.8
4.4
5.6
6.5
6.2
4.8
5.3
3.7
6.1
5.2
6.1
4.8
4.9
5.2 27
5.1 29
6.6 ]
6.2 0
10.5 0
5.5 97
10.6 0
10.5 0
5.4 60
5.6 0
4.3 0

Heating
fluid
heat-
transfer
rate,
Qs
Btu/hr

114x10°

128
108
140
147
146

(12548)x10°
12543
13914
154
146
151412

164
1559
172
178x4
176112
15246

16914
141
18418
176
1766
15218

164
158
152
1842
177£3
20615

159
219
205£12
9247
160
133

Boiler computed values

Length, in. Heat transfer
coefficient,
Effec- Critical, Btu/(hr)(ftz)(oF)
tive, lcr
le Average Eifec~
overall, tive,
Ua Ue
22.5 32.5 1120 3500
23.5 38 - 39 1330 3530+10
(a) 21 -26 1260 (a)
22.5 43 1540 3300
22.5 43 1640 3270
24.5 | ---oo--- 1820 3440
---------------- 25904260 | --------
---------------- 27204120 [ --------
---------------- 2800+140 | ----—---
-------- 29.5 1950 2660
........ 29.5 1820 2730
-------- 42 25404320 | 2800+450
-------- 35 2380 2920
-------- 39 2630+240 | 28701270
---------------- 2390 e
-------- 33 2360180 27101110
———————— 32.5 - 37 2440+260 | 2900:470
---------------- 28104180 [ ------~--
---------------- 2510490 [
---------------- 3030 R
-------- 46.5 2670+200 | 2650+150
22.5 | -------- 234050 3470
---------------- 2700£140 | --------
---------------- 2540+180 [ --------
---------------- 3140
23.5 | -------- 2060
26} -----—-- 1870
-------- 2840150
-------- 2770140
-------- 28 1780170 2640+180
22.5 | -------- 1570 3410
-------- 29 - 31 | 2180 27801100
-------- 26 - 29 | 1880+160 | 2710130
25 - 27.6] ~------- 82065 1880+110
---------------- 3110 e
---------------- 3190 B

Remarks
Quality Test | Steadi- | Posi- | Type | Type
fluid ness tion of of
Qutlet, Critical, inlet of flow of run |change
% xcr phase rate, valve
condi- pres-
tion sure,
and
temper-
ature
(b) (c) (d) (e) )
0.90 0.55 L s fo) U o
.88 .75+0.04 S
.74 (a) OF
.89 .79 s
. 89 i 3
.88 |e—eeee- s
.75+0.06 | --emmmm—- F o
L7340.02 | —cmmme o OF
.81+0.03 | -------—- o
.82 .63 s
.74 .59 OF
.74+0.06 | .67£0.07 fe}
.80 .14 OF
.75+£0.04 | .6410.05 OF
(T [P TF OF
.77£0.02 | .5540.02 TF F
.76+0.05 | .59+0.04 F F
.65+0.03 | --mmmmmam OF
.72£0.02 | --——=mmm- OF
N SO
.7610.04 | . 77+0.04 } OF
P £ T PO, i s
. 7240.02 | —mmmmnnnn F OF
.60+0.04 |--------- F F
.60 F OF
.54 L s
.82 | eemmeemam i s
.63+0.01 | --~—----- F o
.6140.01 [ ---emm- F OF
.68+0.02 | .56+0.04 TF OF
.50 | eeemeee-- 1. s
.71 .50 F o
.67+£0.04 | .49:0.02 F OF
.2840.02 | ~=--mm--- L F
.50 F S0
.42 F s | ¥

€U indicates all variables being held constant; BR, one variable continuously changed before run; DR, one variable continuously changed
during run; AR, one variable continuously changed after run; BS, stepchange of one variable made before run; AS, stepchange of one
variable made after run.

f0 indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, preheater exit
temperature changed.
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Run Boiler measurements
Flow rate, Jom/hr Pressure, psia Temperature, °F
Heating | Test Test fluid Test fluid Heating fluid
fluid, | fluid, -
ws Wt Inlet, Qutlet, | Inlet, Qutlet, Inlet, | Outlet,
Py Peao | Te,r | Te,om | Ts,1 | Ts,m
50 | 4950 {195:13 | 36.420.7)26.1:1.0 [1816:4 | 1740:8 | 2059 |1901
58| 4930 |196:14 |36.1:0.4|25.9:1.2 [1813:3 | 1738:10 | 2041 |1906+15
104 5080 |196:11 |37.7+1.9|26.640.9 |1824+6 | 1744:8 | 2082 | 1934
8| 5450 |196484 |34.1+1.1[25.9:3.6 [1798+1 |1738:30 | 2039 |1940
63| 4950 |19745 | 35.020.3(26.2:1.4 (180642 | 1740:12 | 2024 |1875:1
66| 5040 1197+3  |28.9:0.225.5:0.7 [1763+1 |1734x7 | 1874 | 1792
103| 5050 |197410 |37.0£0.4|26.5:1.1 18193 {1743:0 | 2061 |1910
105 | 5050 |197:18 |37.7:0.926.8:1.0 |182426 | 174569 | 2106 | 1957
25| 5000 |19873¢ |20.4:0.7(24.8:3.6 |1713:1 | 1728:32 | 1960 |1889:5
102 { 4880 |200:10 |36.2:0.5|26.6+1.1 |1815:3 |1744e9 | 2048 |1894
78| 4960 |203s5  |30.00.3|25.5:0.4 {1715+1 | 173424 | 1927 |1830
65| 5040 [203+3  |31.320.3[25.8:0.9 [1781£2 |1737:8 | 1938 |1826
56 | 4960 |204:10 |34.3:0.4[25.9:0.8 [1802£2 | 173827 | 2001 |1867
57| 4970 |204:6  |35.4:0.3|25.9:0.8 [1808+3 |1739:6 | 2031 |188321
19| 5030 |204:4 [31.7:0 |26.1:0.7 [1784x0 |1740+6 | 1940 |1827
52| 5000 [205s5  |33.820.5[26.1:1.0 [1798+3 |1740:8 | 1983 |1853
51| 5010 |208:+6 |33.020.5|26.0:0.7 [1793:3 | 1738:7 | 1967 [1842
101 | 4870 |209:3  |36.120.3 |27.0:1.2 [1813:3 | 1747+11 | 2034 |1885
39| 4960 |209:0 |32.8:0.2 [25.8:0.9 17912 | 17387 | 1966 |1838
55| 4960 |210:9  |34.020.4]25.9+1.2 [1799:3 |1738+10 | 1995 |1862
31| 4990 |[221s5  [33.080 |26.120.8 [1793+0 [1740+6 | 1964 |1841
38| 4950 22646  |33.1s0.4[25.8:0.9 [1793:3 |1738+7 | 1961 [1841
354 | 4990 |235 36.940. 3 |29.0£0.8 |1816+5 [1764:6 | 1994 |1862
17| 5020 |235:3 |32.70 |26.110.7 [1790+0 |1740+6 | 1946 |1833
30 | 4980 |247:5 [33.4:0 [26.1:0.8 |179640 |1741+6 | 1965 |1839
15| 4960 [263 33.140 [26.120.7 (179320 |1740+6 | 1949 |1834
37| 4980 |273:3  |34.1:0.2 [26.6£0.9 [1800+1 [1743:8 | 1965 |1844
28 | 4980 |[286:2  [33.8:0 [26.4:0.9 [1798:0 |1742:8 | 1962 |1839
23| 5000 |288730 |[32.4:0.6|26.7:3.4 [1788x4 |1743:29 | 1966 |1850
96 | 4890 |[294:4  [41.110.4(26.921.3 |1846:2 |1747211 | 2102 |1922
100 | 4830 |295:8  |44.0:0.4 (26.8:1.3 [1863+2 |1746:10 | 2151 |1958
98 | 4880 [296:4  [42.9:0.3 [27.1s1.1 [1856:2 |1748+10 | 2182 [1943
90| 4930 |298 34.5:0.2 |26.740.8 |180351 |1745+7 | 1964 |1843
94 | 4860 29812  |39.3:0.3|26.7:1.1 183422 [1744:10 | 2071 [1905
95 | 4880 [298:2  [40.420.3|27.121.1 {184122 [1748:10 | 2083 [1909
93 | 4910 |298:2  |38.2:0.4(26.9:0.9 182742 |1746+8 | 2040 |1883
2fndeterminate.

TABLE 1. - Continued. DATA

(a) Continued. U.S.

Condenser measurements

Coolant
Flow Inlet
rate, tem-
VVC, pera-
lbm/hr | fures
TC’ f’ I!
of
5970 1362
5990 1361
9260 1380
2930+£180 | 1280
5960 1359+1
4370 1323
8840 1380
9200 13801
5680 1278
8960 1379
3140 12231
6100 1363
5970 1364
5990 13651
4990 1357
5980 1364
6220 13621
8980 13811
5990 1366
5970 1363
5860 1366
5980 1366
5610 1370x1
4940 13631
5850 1364
4770 13611
5970 1368
5750 1362
6000 1370
7860 13721
8950 1378
8790 1373
5930 1370
7460 1377
7680 1378+2
7230 13742

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.

s indicates very steady with essentially no oscillations; SO, between S and O; O, relatively small-amplitude regular oscillations;
OF, between O and F; F, large amplitude oscillations which are not necessarily regular.

dPosil:ion of valve in line connecting expansion tank to two-phase loop. O indicates open; C, closed.
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Shell temperature, Qutlet
°r

Tem- |Pres-

At 6-in. | At 12-in. pera- | sure,

station, | station, ture, |P ,
T T eI
c,s c,s Tc,II’ psia

of

1740 156815 1485+3 | 27. 4
17352 15638 1480+1 | 27.4
1744+1 1544 1456+2 | 28.2
1734211 | 1534 148645 | 28.1
1739 1558 1477+3 | 27.5
1537+8 | 14623 1413 26.8
173416 15427 14625 | 28.2
1738+2 1548:1 1457+1 | 28.0
14362 13746 133515 | 26.0
1740+2 1548:4 1461+1 [ 27.9
151124 1432+2 1379 26.9
1731+3 1532 1446 27.4
1734 155415 14731 | 27.3
1736 1562+2 1480+2 | 27.3
1736 15371 1465+4 | 28.0
17407 1556 14611 | 27.6
1734x1 1540 1458+1 {27.3
1738 1546x1 14571 | 28.2
1734 1553 1463 27.5
1735 1554+4 |1466+1 | 27.5
17331 1553+3 1462+1 | 27.7
1734 155742 1464 27.3
17612 1553 1481 31.1
173414 1553 1471 27.8
1736 155812 1465 27.8
1733 1564 1475 27.7
1735+2 1555 1465 27.9
17351 1552 1468 28.0
1731+1 15409 14681+4 [ 27.5
1742+1 1598+10 |1484+3 [28.2
1744 1586+4 |1486x1 |28.0
1744 1580+8 1480+3 |28.2
1738 155646 1469 27.8
1742+1 1601+4 1486+3 (28.0
174512 15953 14891 (28.2
1742+1 1580+5 [1479 28.0




FOR TWO-PHASE RUNS

customary units

Test fluid

Pres- |Inlet sub-
sure cooling,
drop, ATSC,
APt’ op
psi

10.3 0
10.2 i
11.1

8.2 2

8.8 0

3.4

10.5 \
10.9

4.6 53

9.6 0

4.5 56

5.5 0

8.4

9.5

5.6

7.7

7.0

9.1

7.0

8.1

6.9

7.3

7.9

6.6

7.3

7.0

7.5

7.4 /

5.7 5
14.2 0
17.2 0
15.8

7.8

12.6

13.3

11.3

Heating
fluid
heat-
transfer
rate,
Qg

Btu/hr

(21816)x10%
217x10%
22524
164421
20019
121

23013
22019
96+14
223
137
172

202
218
165
190+3
183
22515

18515
195+4
177
179
187+2
170

187+3
170
182
182
17513
265

299
286
171
241
254
223

Boiler computed values

Length, in. Heat transfer Quality
coefficient
Effec- Critical, Btu/(hr)(ftz)(oF) Outlet Critical,
tive, lcr Xo xcr
le Average Effec-
overall, tive,
U, U,
--------- 32 2270+90 2610160 0.68+0.02 | 0.45+0.01
--------- 42 2430 2600 .68 .62
--------- 30 - 31.5|2090+60 275050 .70£0.02} .5410.01
(a) (a) 1520200 (a) .51:0.07 (a)
----------------- 2600 ——————e- .66+0.03 | ~---m-nom
................. 3310 e .37 SR
--------- 40 2410+60 2690+70 .724£0.01 | .65+0.01
--------- 26 - 28 11810+100 | 2760+220 .68+0.03 | .5510.01
23.5-25 [-w-mmmen 910+140 | 1840330 .2820.05 | —-wcmmmem
————————— 46.5 2510 2490 .72 70
25 | -e------ 1770 3460 40 | e
----------------- 3160 e .51 S
................. 2620 R .61 SR
--------- 41 -44 {2570 2710+130 .65 60+0.03
----------------- 2950 ———————— .49 e ————
................. 2790440 | -cooooen 1 2 N A [——
----------------- 2900 [ .54 [
————————————————— 28104110 | --w-oae .66+0.01 | -—-oom-
----------------- 29504130 | -----ee- .5430.01 | ~cmmemmnn
----------------- 2620490 | —-=----= | .57+0.01 |---=--—n-
----------------- 2900 S .49
--------- 2900 PR .48
--------- 303050 | —=------ .49
----------------- 3080 ———————- .44 R
3190480 | ----~--- .47
3070 | -------- .39
----------------- 3130 R et .41 B et
----------------- 3140 —m————— .39 -
----------------- 25804260 | -------- . 370,03 [ ~---memmm
----------------- 2690 e .56 B
----------------- 2640 - .63 m————————
................. 2700 S .60 [ —
----------------- 2980 B .35 B
————————————————— 2730 ——————e- .50 —————mme—
----------------- 2840 B .53 ————————
2800 | --mem--- .46 -

€U indicates all variables being held constant; BR, one variable contin'uously changed before run; DR, one variable continuously
changed during run; AR, one variable continuously changed after run; BS, stepchange of one variable made before run; AS, step-
change of one variable made after run.

f0 indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, preheater exit
temperature changed.

>

Remarks
Test Steadi- | Posi- | Type | Type
fluid ness tion of of
inlet of flow of run |change
phase rate, valve
condi- | pres-
tion sure,
and
temper-
ature
() () @ (e) ®
F OF o U (o}
F O
TF OF
L F
F OF
F s
TF OoF
TF OF
L F
F OoF
L S
F SO
F [0}
[0}
OF
OF
OF
o
Y
OF U o]
S AS P
OF U (6]
OF
OF
S
[0}
TF F
F [0}
F OF
(8}
S
(o]
(o]
o] /
67




TABLE 1. - Continued. DATA

(a) Continued. U.S.

Run Boiler measurements Condenser measurements
Flow rate, lom/hr| Pressure, psia Temperature, °F Coolant Shell temperature, Outlet
: o

Heating| Test Test fluid Test fluid Heating fluid Flow Inlet al Tem- |Pres-

fluid, | fluid, rate, | temper- At 6-in. |At 12-in. [pera- | sure,

Ws Wt I;let, C;:xtlet, I;Mt’ O;tlet, I;let, C?:tlet, Wc, ature, |[station, | station, [ ture, PC’ r

t, I t, 11 t, I t, I s, 1 s, 0 lbm /hr Tc,f, L Tc, s Tc, s Tc’ I | psia

op op

91 4990 298 35.4+0.2 [ 26.8:0.8 | 18091 | 1745+7 [1983 1853 5880 |1370zx1 174411 | 1558 1480 27.9
92 4920 | 29943 36.8:0.3(26.7+1.1 {1818+2 | 1744+10 [2015 1867 5870 |[1368x1 17421 [1592+8 |1489:2 | 27.7
13 4990 | 300 33.9x0 26.4+0.9 [1799+0 [ 17437 {1953 1836 4870 |1362+1 17351 {15746 {1481 27.8
12 5020 300 34.210 26.2+0.8 [1801+0 | 1740+£7 (1960 1839 4890 |1364zx1 17341 [1581+15 [1485 21.7
75 4900 | 304x1 33.0+0.2(26.1+0.7 |1792+2 | 174046 |1928 1823 2360 [1076 1544418 1402 1342 27.3
27 5010 |31843 34.110 26.6:0.8 (180040 | 1744+7 (1963 1842 5700 |1469:104 | 17371 | 1561 1469 28.0
22 5010 33733 33.3+0.3(26.6+2.2 |1791+3 [1744+19 |1964 1844 6000 [1370+1 1714+15(1556+10 (1466 27.7
35 5020 {342 34.0+0 26.3+0.3 [1799+0 | 174142 [1964 1862 5740 |1365 17272 | 1529+10 [145212 | 27.6
26 4990 |[347+3 34.7+0 26.610.8 [1804+2 | 174447 |1965 1842 5870 |1367 173812 ]1553+2  [1469 28.0
34 4990 | 380 34.8x0 26.920.5 (18050 | 1747+4 [1963 1862 5890 |1365z1 1695220 | 1518+2  [1455+1 | 27.8
146 5040 105 36. 70 34.020.3 [1727+1 {1799+2 [1998 1895 4970 {1327 1560 1482 1434 36.2
147 5060 |105 36.6x0 34.040.3 |1723£1 |1799+2 (1978+1 | 1885 4270 |1345 1566 1481 1440+1 | 35.8
143 5060 105 37.7+0 34.0+0.3 (17261 {1799+2 (2029 1921£1| 4270 |1351 164716 |1494+11 (146015 | 36.2
149 5110 [105 36.1x0 34.2x0.3 |1718+1 | 180142 {1938 1862+1 | 4270 |1349z1 153311 | 1454 1422 35.7
148 5050 (106 35. 70 33.420.3 [1720+1 |1795+£2 (1959 1872+2 | 4270 |1354 15583 | 1478 1441 35.7
145 5040 (108 36.920 34.020.3 [1724+1 |1799x2 (2008 1903 4330 (1350 1652121 [ 1516 1460+1 | 35.7
144 5050 (110 37. 410 33.9+0.6 [1732+0 | 1800+3 (2038 1929 4310 1356 1724439 | 15231  |1469x1 | 35.7
348 4990 [14812 39.4+0.2 |35.4£1.2 |1835x1 [1809+8 199141 | 1882 5520 1357 1597+13 [ 149244  |1443 36.9
142 5010 |[15918 40.1+0.5|34.0£1. 3 [1839+3 |1800+8 (2066 193547 4930 (1355 1792+3 | 156210 |147815 { 36.0
141 4990 (161£11 [39.7:0.5|34.0£1.2 {18373 |1799+9 [2053 1916x1 | 4970 [1354x1 1792+2 |[1574+3  [1483x1 | 35.9
140 5000 |[164+8 39.410.3 |34.2+1.4 [1834+3 180010 (2039 1906 4880 |1354 17885 |[1567+4 [|1481x1 ( 35.8
136 5060 |[164+3 38.0+0 34.2:1.4 |1826+3 |1801+9 {1989+1 | 1879+1 | 4930 [1344 1645141 | 1508 1448 35.9
137 5070 |[164x3 38. 410 34.2+1.3 [1829+2 |1801+9 {2002 1887+1 | 5010 |[1356 171946 |1533+1 {1463+l | 35.9
134 4990 |165+2 37.6+0 34.411.0 [1823+2 |1803+6 (1964 1866 4980 (133521 155917 | 1474 142711 | 36.0
139 5040 |[166+4 39.1£0 34.2x1.3 |1833+3 |1800+10 (2026 190549 | 4880 |135311 179142 }[1556+1  [1474x1 | 35.7
135 5080 |[167+2 37.6x0 34.0+£1.1 [1823+£3 |1799+8 (1979 1873+1 | 4940 (1344 1610+10 [ 149943  [1445z1 | 35.4
138 5010 (16943 38.810 34.5£1.2 |1831+4 18029 (2013 1890+2 | 4940 (1373 17886 {1567+4  [149132 [ 36.1
132 4960 |19619 42.5+1.1|34.2+1.3 ]1853+7 |1801+9 [2123 1966+3 | 8240 [1372+1 178512 |[1556+4  [1457x4 | 36.1
350 5010 |[196z1 39.3:0.2 [34.1£1.1 |1834x2 [1800+8 {1993 187941 | 5530 |1366 1629 1531 1463 36.1
128 5000 |198+3 41.4+0.1 |34.5£1.2 [1847+1 | 18038 (2064 1918 8160 (1369 1735+3 [1538+9  [1455x1 | 36.1
127 5030 }19843 41.220.3 |34.7x1.1 [1846+2 {1804+8 |2049 1906+1 | 8240 (1370 1677433 1152541  [1452x1 | 36.1
131 4970 (20018 42.1£0.5 |34.3+1.1 [1851+3 | 18027 (2102 1944+2 | 8180 (1370 1790+2 |[1557+3  [1460%5 | 36.1
130 4960 |20116 41.940.3 134.7+1.1 (1850+2 [1805+7 [2092 193743 | 8210 |[1370 1794+1 |1552+2 14574 | 36.1
133 5050 12022 38.0:0 34.1+1.0 {1826+0 [1800+7 [1976 1869 8260 (1361 154547 | 14677 141843 | 36. 1
129 4970 {20312 41.910.3 |34.6£1.2 [1850x2 {18048 2079 1928 8290 |1370zx1 1783111 [ 1550 14561 | 36. 1
126 5010 (203+4 40.3+0.2 |34.5+1.3 (18411 (180319 [2024 1897 8190 [1370 166130 [1520+£2 (1445 36.1

Andeterminate.

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.

¢S indicates very steady with essentially no oscillations; SO, between S and O; O, relatively small-amplitude regular oscillations;
OF, between O and F; F, large amplitude oscillations which are not necessarily regular.

dli'osition of valve in line connecting expansion tank to two-phase loop. O indicates open; C, closed.
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FOR TWO-PHASE RUNS

customary units

Boiler computed values Remarks
Test fluid Heating Length, in. Heat transfer Quality Test { Steadi- |Posi-|Type| Type
fluid - coefficient, fluid ness tion of of
Pres- {Inlet sub- heat- Effec- | Criti- Btu/(hr)(ﬂz)(oF) OQutlet, Critical, inlet | of flow of run | change
sure | cooling, transter | Ve cal, Xo Xer phase | rate, valve
drop, | AT, rate, I lop | Average | Effec- condi-| pres-
APt, op Qs’ overall, tive, tion sure,
psi Btu/hr Uy Ue and
temper-
ature
(b) (c) @ | (e )
8.6 0 188x10% | ---- [ -coo 13020 |-coeooe- 0.39  |-eeoemee- F ] o |u | o
10.1 203 —--- ---- | 2880 @ [-------- .42 |-
7.5 170 ---- ---- ] 3100  |-c-e---- 1 T PSS,
8.0 178 —--- ---- | 3180 L
6.9 (1501:3)><103 - ---- | 33002240 .3140.01 -
7.5 (] 178 —--- ---- [ 3020 .34 |eeeemmee- OF
6.7 3 182+11 -—-- ---- 2930230 [ ----~--~ .33+0.02-------—- TF F
7.7 o] 150 21 ---- | 2230 3360 R R L S
8.1 0 177+4 ---- .——- 3130+100 | --~~---- L3140, 01 |----om - F 38
7.9 0 145 23.5 - 2270 3100 R L 3
2.1 91 153 22.5 ---- | 1615 3350 B (¢]
2.6 93 140 20 ——-- 1600 3460 .80 |-
3.1 98 163 24 40 1500 3430 .93 0.77
1.9 95 112 18 ---- | 1560 3560 N R kbt
2.3 91 126 21 ---- | 1540 3400 5 S ettt
2.9 95 158 21.5 ~--- | 1595 3340 .88 |eee---me-
3.5 90 168 26 40.5 1520 3460 .92 .79 J
4.0 0 155 - P 1 : 1 B .64 |- F BS w
/
6.1 195+14 .--- 31 2220+230 {2810+350( ,76+0.05 | . 56+0. 06 TF F [0) o]
5.7 202 - ---- 12630 |enee---- R e F F
5.2 199 ceme | =-e- {2700 |emee-eeo B - T P F
3.8 161 - -me- 2770 }e-----e- .60 |---e----- OF
5.2 174 [ N 1 ¥+ D P .65  feemeeo- OF
3.2 14414 -—-- ---- | 3030150 |----~---- .53:0.02 [--------- SO
4.9 190 —--- ---- 12780 @ |------~- A o
3.6 155 - ---- 2820 |-------- Y N e et (o]
4.3 182 ceee | mee- f2810 o------- .66 oo o]
8.3 23145 -—-- 30 215070 {2780:100] .7240.02] .5410.02 TF F
5.2 169 - ---- 3230  |-------- B I e F SO AS w
6.9 223 - ---- | 2910  }-------- .69 |---eeee-- F (o] U (¢}
6.5 204 cmee | emee 2770 |eommeo - I F o
7.8 23445 ---- | 35 2470+80 |2720:100| .72:0.02| .53:0.02 | TF ¥
7.2 23518 m——— 37 2620150 {2800+180( .72+0.03 | .55+0.03 IF F
3.9 164 - ---- | 8340  [-------- .50 fmeemmmeee F 50
7.3 23345 - ---- | 2810£100 [-------~ .7040.02 [---~--n-- F ¢}
5.8 191 ceme {---- 12980 |-----o- .58 feemeoooo- F o ]
€U indicated all variables being held constant; BR, one variable continuously changed before run; DR, one variable continuously

changed before run; DR, one variable continuously changed during run; AR, one variable continuously changed after run; BS, step-
change of one variable made before run; A3, stepchange of one variable made after run.

fO indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, preheater exit tem-
perature changed.



TABLE I. - Continued. DATA

(a) Continued. U.S.

Run N Boiler measurements Condenser measurements
Flow rate, lbm/hr Pressure, psia Temperature, Op Coolant Shell temperature, Outlet
o
F
Heating | Test Test fluid Test fluid Heating fluid Flow Inlet Tem- {Pres-
fluid, fluid, rate, | tem- At 6-in.{ At 12-in. | pera- |sure,
Ws Wt Inlet, Outlet, [ Inlet, | Outlet, | Inlet, |Outlet, W, pera- | station, | station, | ture, [P, -
P P T T T T ’
t,1 t, 11 1,1 t, 0 s, 1 ST | jpm/he | tUre, Tes | Te,s |Te, | psia
Tet,v oF
oF
347 5050 1204 '40.320. 1] 35.740.9 | 184041 | 181116 |2012+19 1882 5650 | 1363+l 164612 |1523 14551 37. 1
346 5110 {21211 40.3+0.1} 35.5+1.111840+2 |1809+8 |1993 1880 5670 | 1365 16556 |1524%2 |1459 |37
364 4960 (245 42.9+0. 11 34.7+0.3 | 181941 {18042 |2100 1949 6200 | 1371 1798 158044 1487 36.3
355 4940 (246 39.920.1] 34.3+0.8 |1838+1 |1801+5 |1993+2 [1877 5590 | 1366+l (1708126 1542 1466+1{ 36. 1
359 4950 (247 42.0+0.2| 34.1+0.5 |1802+1 |1800+3 {2079x1 [1935:1 | 5440 | 1365 179612 |1582x1 {1489+1)36.1
363 4870 {247 42.4+0.1] 34.940.2 (178110 {1805+2 2086 194111 | 6230 | 1369 1800 166547 1476 36.7
353 4990 |248 40.1+0.1( 34.3+0.8 [1840+0 {18015 {1993 1878 5640 | 1367 1713422 [1545:6 |1467 36.0
365 4980 (250 43.1+0.1]34.70. 4 [1852+1 |1804+3 [2097+1 {1951 6220 | 13711 [1798 1585 1483+1(36.4
351 4990 (250 39.9:0.2]34.3+0.9 |183811 |1802+6 |[1994 18791 | 5550 |1366x1 1709120 [1543+1 {1467x1|36.1
360 4980 [259136 | 40.9:0.9]34.2+4.0 [1805+2 117991282080 197042 | 5770 | 1359+1)1638+58 |1512+3 |[1451:3)34.8
362 4950 273423 | 38.9+0.6]34.0+3.4 [1754z1 |1798+22 (2032 1947 2920 |1326 164614 [1507+5 |1464x1(34.8
124 5030 (29512 49.6+0.4]34.9+1.4 |1894+4 |1805+10(2189 1995 8290 | 1369 1796 160910 [1492+1]36.1
349 5010 (297 41.3+0.2(35.7+0.9 (18471 {18116 (1992 1884 5730 |1368x1 |1675 1535+3 [1466 |36.9
119 5040 |298 42.8+0.2134.6+1.3 [1856+1 {180429 |2056 191541 | 7250 |[1368 1794 1569 1466 36.0
118 5010 {300 40.5+0.3134.0+1.1 [1841+2 {1800+7 {2004 1883 5570 |1356:1 17642 {1553+1 |1467+2|35.1
345 5090 ]300 41.410.1]35.6+0.9 {18471 |18106 ]2011:20 |1884 5640 | 1367 1674+7 [1540x1 [1465+1(36.9
117 5010 [302 39.0+0.3]34.2+0.9 [1832+2 {18016 {1976x1 |1870 5600 | 13571 [1622+16 [1523x2 1453x1)35.1
122 5000 30414 48.420.4(35.0+1.5 |1887+2 |1806+10|2164+1 |1972 8250 |1365 1798x1 {1598+9 [1484+2(36.1
121 5040 (30615 46.9+0.3|35.2+1.4 |1879+2 |1807x10]2135 1963+3 | 7780 | 1367 179941 |1596+3 [1482+1(36.1
120 5000 3079 44.410.1|34.6+1.3 |1865+1 |1804+9 |2104:1 [1939 6930 |1363+1 |1799 1590+2 {1480 36.1
123 5010 31812 |[49.5:0.2|34.9x1.4 |1893+1 [1805+10 2187 199311 | 8250 |1357 1796 15912 |1477 36.1
116 4970 350 38.040.3134.0+0.7 |1826+2 |1799+5 [1929 1849 5560 |[1345 1544 1472 1417 35.5
193 5100 86 43. 810 41.8+0.5 [1713+1 118503 ]1994+1 [1916:1 | 2490 1338 1575:4 |1505x1 |1474+1{43.5
184 5940 98 43. 810 41.3:0.6 [1735+2 {1846x4 |2028 1943 4050 |1364 1608+£9 |1517+1 ]1470+1[43.1
181 5880 99 44.3+0 41.7£0.5 |1737+1 [1849+3 |2029 1942 4060 |1334 1567+2 |1490 1445 43.1
185 5550 |100 43.5:0 41.0£0.5 |1738z1 |1845+3 |2029 1937 4060 |1359+1 [1601x1 [1511+2 [1465+1]43.1
178 5310 102 44.3:0 41.6+0.3 {1745+1 {1848+2 [2028z1 |[1940 4090 | 1361 1606+£8 |1508+1 [1464 43.3
179 5610 |103 44.510 42.220. 4 |1753x1 (1852:2 (2028  |1942 4080 [1362 1597+8 [1515+2 |[1468 44,1
176 5060 1105 44.310 41.640.3 {17522 |1848+2 |2032 1936 4110 [1344+1 (157942 {14941 [1451 43.3
175 5090 (105 44. 810 42.3+0.4 [1748+1 |1853+2 |2040 1942 4090 (1344 15881  [1496x1 [1453+1 J44.1
186 5580 (105 43.7+0 41.540.2 |1741+1 [1848:2 (2040 1955+1 | 4050 |[1357 1579 1500 1456 43.1
182 5960 1105 43.510 41.2+0.4 (176541 184612 (2030 1950 4060 [1340 1576x12 (1479 144041 [43.1
172 5020 (106 44.710 42.1+0.2 |1790+1 |1852+1 [2061 196011 | 4100 [1338x1 |1588s5 (1492:1 {1451 43.6
171 5080 |107 45. 110 42.4+0.3 |1761:1 |1853:£2 [2071 1968 4010 {1338 158646 [1500+2 [1454:1)43.9
183 5900 (107 43.6+0 41.2+0.4 |1755:1 {1846:2 [2030x1 [1952 4080 [1347 15691 (1488 144342 [43.1
173 5080 [110 44, 7+0 42.3:0.3 [175941 }1852+2 2051 1957 4100 [1341 1558 1484x1 |1445+143.8
2mdeterminate.

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.

s indicates very steady with essentially no oscillations; 3O, between S and O; O, relatively small-amplitude regular oscillations;
OF, between O and F; F, large amplitude oscillations which are not necessarily regular.

dPosition of valve in line connecting expansion tank to two-place loop. O indicates open; C, closed.
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FOR TWO-PHASE RUNS

customary units

Test fluid

Pres-
sure
drop,
APt’
psi

R I B SNN
L3N = B S - Y

(=T % B = - I3
-1 Q0 -1 & » X

> oo oL
w0 oD

13.

11,

14,

[CIS
(320 - B = = R I

n

NN NN DN
T -1 W -1

DN NN NN

2
3
6
7
4
4

ey

Inlet sub-
cooling,

ATSC,

oF

37

49
72

40
78

105
108

Heating
fluid
heat-

transfer

rate,
Q,
Btu/hr

1 162x103

164
228
165
208
218

169
224
167
163
111
302

160
213
177
159
153
294

268
243
(30244)x108
111
114
150

140
133
148
152
131

139

Boiler computed values

Length, in. Heat {ransfer
coefficient,
Effec-| Criti- Btu/(hr)(ﬂz)(oF)
tive, cal,
le lcr Average| Effec-
overall, tive,
Uy Ue
B e ettt 3160 | -------
B Rt 3200 | ----——-
15 [----—-- 2190 3290
B R T 3190 [-------
14,6 j------ 2020 3160
15.5 j------ 1945 3240
R e 3320 [-------
15.5 |------ 2400 3250
EREE EEEEEE 3220 [ -------
23 |------ 1440 2670
24.5 |-----—- 1010 2120
---- 143 - 45 |2665 274060
Bt EE T 3280 [-------
B 3040 [-------
B EE 3130 | -------
B Rttt 3230 |-------
B e 3130 |-------
——me - 2860
B e 2890 }-------
ERET I EEEE L 2770 j-------
———— 44 2690160 (2700160
B Bttt 3260  |-------
17 - 1300 3230
20 45 1505 3420
23.5 |--——--- 1535 3590
21.5 46.5 1490 3420
22.5 [------ 1480 3440
21 |------ 1550 3460
20.5 |[------ 1500 3510
21.5 |[------ 1520 3560
24 46 1350 3500
26.5 45 1390 3550
25 {------ 1500 3540
24.5 |------ 1385 3390
24 45 1340 3380
26 |------ 1360 3440

%o

0.49
.48
.57
.41
.51
.53

.42
.55
.41
.37
.23
.64

.33
.44
.36
.33
.31
. 60

.54
.49

.20
.79
.92

.91
.88
.84
.86
.82
.85

. 80
.76
.84
. 85
.73
.75

Quality

Qutlet,

.59£0.01

Critical,

XCI‘

Test
fluid
inlet
phase
condi-
tion

G
Z

[l el T S L

|l L T L)

3
o

o]

TF
TF

'

Remarks
Steadi- [Posi- |Type| Type
ness tion of of
of flow of run |change
rate, valve
pres-
sure,
and
temper-
ature
(c) @ | (e ()
s o] BS w
AS w
U (o]
AS P
u [0}
u (o]
AS P
u (o]
BS P
F U (o]
F U o
e} U [s]
S AS w
o] U (o)
S u o
S BS w
S U (o]
o]
S
'
SO
S
S
S
sSQ
S
Vol

indicated all variables being held constant; BR, one variable continuously changed before run; DR, one variable con-

tinuously changed during run; AR, one variable continuously changed after run; BS, stepchange of one variable made
before run; AS, stepchange of one variable made after run.
fO indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, pre-

heater exit temperature changed.
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TABLE I. - Continued. DATA

(a) Continued. U.S.

Run Boiler measurements Condenser measurements
Flow rate, lbm/hr| Pressure, psia Temperature, °F Coolant Shell temperature, Outlet
o
Heating | Test Test fluid Test fluid Heating fluid Flow Inlet ¥ Tem- |Pres-
fluid, fluid, rate, tem- |At 6-in. (At 12-in.| pera- |Ssure,
WS Wt I;let, O:tlet, I;let, O;tlet, rlet, 2\“““* Wc’ pera- |station, | station, ture, Pc,]:[’
t,1I t, II t, I t, II s, 1 s, II Ibm/hr ture, Tc, s TC’ s Tc, o psia
Tc,f, r op
°F
192 5090 115 44, 140.3}42.0+0.3 [1778+1 [1851+2 [ 1994 191741 2480 |1334#2 [1582+1 | 1505+2 |[1475+2 | 43.5
2817 4970 143 45.6+0.2 |42. 9+0.6 {1418+1 | 185614 (2059 1954+1 | 5420 [1368x1 |1577+12 | 1484+2 |1439x2 | 45.2
191 5100 145 44,210 41.6x0.4 |1814+1 | 184843 |1991+3 | 1916+1 | 2490 (13201 |1582+4 | 1499x2 146642 | 43.5
290 5110 150+3 46.8+0.2 |42.6+1.6 [1879+1 | 1855x9 | 2058 1935 7270 {1375 1611210 | 1510+2 |1451x1 | 43.9
288 5040 152 46.3+0.2 |42.6x0.4 (184342 [ 185413 [2058 1950+3 | 5330 [1384+2 |1651+1 153612 |1481 45.1
286 4940 15547 46.7+0.2 |42.5£1.3 (187941 | 185447 {2058 1935:2| 5390 [1361 166223 | 15305 |1465+1 | 43.7
163 5150 15912 45.2+0.2 |42. 4+1.1 |1870+1 | 1853+7 |2009+1 | 1912+1 ] 3580 |1336+1 [1622+8 | 1523+2 |[1456+14| 44.0
190 5060 161 44. 610 41.9+0.9 (18662 [ 185045 {1993 1905+1| 2520 [1313#1 [1635x7 | 1525x1 |[1484+2 | 43.5
343 5120 16445 46.3+0.3 (42.8+1.2 |1876+2 | 18557 | 2031 1921£2| 5500 (1359:3 |1624x4 |[1505x1 |1451 -—--
170 5070 16545 48.2+0.6 |42.5+1.3 [1886+3 | 185417 [2132+2 | 199813 [ 5290 (1358 1830+12 | 1566411 {1482+2 | 43.8
167 5050 16614 47.7+0.4 142.8+1.5 [1883+2 | 185549 |2085+1 [ 1951+2 | 5370 [1361x1 |1786+6 | 15545 |[1479+1 | 43.5
168 5070 16614 47.810.4 |42.8+1.5 |1884+2 | 185549 {2097 19593 | 5070 |1358 184612 | 1574+2 [1483x2 | 44.1
165 5080 16612 46.4+0.2 [42.5x1.2 |1876+1 | 18547 |2039x1 [ 1926+3 | 4850 |1364+2 [1665+13 | 1532x1 [1467+2 | 44.2
188 5090 16614 45. 50 42.121.0 (18712 [ 185146 [2029 192241 | 4800 |1328+2 [1595+5 | 1491+3 [1437x1 | 43.5
169 5110 16745 48.3+0.6 142.5+1.3 |1887+3 | 1854+7 |2114 197743 | 5170 |1360 18412 | 158312 |148445 | 44.0
164 5090 168 45.7+0.2 [42.321.2 |1873+2 | 185347 |2024+1 | 1920+2 | 4410 |1349x3 |1630+1 |1525+1 |1464:3 | 43.9
166 5040 171x4 47.0+0.3 [42.7+1.3 |187942 | 185548 |2062+1 { 1938+2 | 5290 |1358+1 |1686+4 | 1540+7 [1471+1 | 44.2
158 5110 19316 48.4+0.3 |42.5+1.5 [1887+3 | 185419 (2103 1960 6450 137242 |1779+46 | 157615 |1481x1 | 43.8
159 5120 19616 49.1+0. 4 [42.8+1.5 |1891+2 | 185549 |2114 196641 | 6440 [1367+3 |1819:25 | 1579+3 |1484+2 | 44.2
342 5050 1972 46.6+0.2 [42.4x+1.1 |1878+1 | 18537 |2032+1 | 1919 6140 |1367 1609+17 | 1511 1453 ———-
161 5090 198+11 |50.1+0.5 |42.6+1.4 [1896+3 | 185548 |2149 199212 | 6980 |1367 182313 | 15706 14791 | 44.2
160 5110 198+8 50.6+0.3 [43.5+1.5 {1899+2 | 186019 (2130 197242 | 6480 |1388:21|1849:+1 |1587 1484+1 | 44.7
162 5080 19916 [50.1+1.2 [42.3+1.5 189646 | 1853+8 2168112016 6940 |1371 1728+18 | 158113 [1480 43.8
344 5070 2002 46.5+0.2 [42.4x1.1 (18771 | 185317 | 2029 1919 5390 |1365 164315 [ 1524 146341 | ----
156 5080 2004 46. 810 42.3x1.2 |1879+1 | 185317 (2051 1930+1 | 4670 |(1358+2 |1828 1566 148612 | a3.7
157 5080 2005 47.4+0.6 [42.3+1.5 |1882+3 | 185318 |2069 1940 5890 {1365 171678 | 15477 |1476+1 | 43.8
155 5110 2002 46. 510 42.521.1 |1877+1 | 185316 (2027 1921 4690 (1352 1659+13 | 153214 |1468 43.8
189 5090 204 45,310 42.120.9 |1870+2 | 185245 [ 19941 [ 1904x1 [ 3070 129241 |1622+11 | 149241 |1443+1 | 43.5
187 5080 2062 46. 10 42.1+0.9 {18742 | 185146 [2031 192011 | 4800 |1340 1612 1510 1455 43.8
253 4990 21221 46.5+0.1 |40. 8+1.0 {18770 | 18446 (2056 1925 4910 (1319 1801 1544 1452 42.2
341 5080 21545 48.440.1|42.5+1.3 {18881 | 1854+7 | 2084 19472 | 7370 [1373x1 |1688+24 | 154642 [1464 44.3
352 4970 262 43.6+0.1(39.3+1.0 |1861+1 | 183416 |1994 1894 5610 (1357 1582+1 |[1504x1 1445 40.8
220 4990 301 49.310.2 [40.9+1.2 |1892+1 | 18447 (2094 194312 | 4300 |1310+1 [1836+1 |1596+2 |1500+1 | 42.5
221 4960 305 49.3+0.1 [41.2+1.0 |1893+1 | 184547 (2092 1942+1 | 4340 |1312+1 [1840+3 | 1591 15011 | 42.7
219 4970 305 49.4+0.3 |41.421.3 ]1892+2 ] 184728 [2093 1940 4140 1311 1836+1 | 159645 |1505+2 | 42.7
224 4950 310 49.040.2 [40.6+1.3 |1891+2 | 1843+8 [2093+1 [1937+1 | 4775 |1315:1 [1827+3 (1585+8 |[1495+1 | 42.1
mdeterminate.

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.

€S indicates very steady with essentially no oscillations; SO, between 8 and O; O, relatively small-amplitude regular oscillations;
OF, between O and F; F, large amplitude oscillations which are not necessarily regular.

dPosition of valve in line connecting expansion tank to two-place loop. O indicates open; C, closed.




FOR TWO-PHASE RUNS

customary units

Test fluid

Pres-
sure
drop,

APt’

psi

W W b N NI po
PO R\ I N N

S W -3 U -3 o

G O W NN

[S N NS IO B Y
O W o 0 B WO

S R B B =2
- 00 = 1 DN W

[3 BN N KON BTN
P O e )

oaoooooo.x;f.n
O = W WO

Inlet sub-
cooling,

ATge,

°r

85
454
50

33

Heating
fluid
heat-

transfer
rate,
Qg
Btu/hr

111x10°

144
113
176
166
174

148
131
161
(191£9)x10°
198
203

164
162
20119
160
175+3
222

181
194
161
132
163
192

203
143
225
221
221
227

Boiler computed values

Length, in.

Effec-| Critical,

tive, lcr
le
18.5 |----~-—-
26 | ---e--eo
21 eeee—-
17 44 - 45
---- 126.5-29
- 40.5
- 25 - 30
-—-- 37.5
- 43 - 45
- 30
-—-- 37 - 40
- 30

Heat transfer

coefficient,
Btu/ (ur)(1t2) OF)

Quality

Average
overall,

Uy

1530

860
1890
21780
2160
2810

3150
3050
3050
1910120
2790
2590

2850
2960
23001150
3120
2650470
2890

2850
3290
2510
2900
2150
3190

3100
3000
3140
3250
3060
3200

3010
3300
3340
3240
3250

3360

Effec-
tive,

Ue

3060

2900

Outlet, Critical,

XO XCl‘

BT S [
54 fememeeen
I\ A [
L -2 P
.67 0. 60

{1 O,

- A -
T R PSS
<5 W PR,
.7140.04| .60+0.03
B PO
.16 .68

B O D e
.60 b
.75+0.03| .49:0.04
59 J---mmeee-
.6410.01| .52+0.01
B S T ht

.72 .70+0. 04
N et
.75 .52
.75 .6520.01
.72 .58
P ittt

56 femmmmmene
7 S .
=Y R P,
Y S
Y R
10-: N

-7 T
-7 S IO
.46
.45
.45
Y S

Test
fluid
inlet
phase
condi-
tion

TF

TF

'

Remarks

Steadi-
ness
of flow
rate,
pres-
sure,
and
temper-
ature

(c)

[e]
o cuwomnwuwn

o L el

o]
Wy O o

8 ommmoOm

w =

w8 wo

SO

s

Posi-
tion
of
valve

@

Type
of
run

(e)

Type
of
change

DR

(=]

BR

AS
U
U
U

BR

©C 30004130

(o3 o JNa -

T

€U indicated all variables being held constant; BR, one variable continuously changed before run; DR, one variable continuously
changed during run; AR, one variable continuously changed after run; BS, stepchange of one variable made before run; AS,
stepchange of one variable made after run.

f0 indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, preheater exit

temperature changed.
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Run
Flow rate, lbm/hr
Heating | Test
fluid, | fluid,
Ws \Vt

222 4930 311
250 4940 {313
223 4980 317
225 4980 |[326
226 4980 (334
227 4980 [349:8
228 4940 1359413
229 4960 [373£20
231 4980 [373+20
340 5100 {373
289 4960 (375
230 4960 |377+17
218 5030 8914
211 5060 [10115
215 5000 {131
214 5020 [13417
212 4990 1139412
213 5100 {14019
210 5050 [14419
211 5020 |14615
209 5050 |15145
216 5000 {1613
204 5040 }200z:10
208 5080 [20013
200 5020 [201:3
203 4980 {20319
205 5040 {20319
201 4980 (20414
202 | s010 |204*f?
207 5080 20417
199 5040 [206
195 5060 ]294
196 5040 [300
198 5010 |304z2
197 5010 305
338 4990 |150
Andeterminate,

Pressure, psia

Boiler measurements

Test fluid
Inlet, | Outlet,
Pi 1 Py o

49.340.1a1.121.3
49.610.140.821.1
48.910.1|41. 151.3
48.610.1(40.851.1
48.610.240.8:1.1
48.610.2 (40. 9+1.1
48.310.2 | 40. 821. 1
45.910.839.713.0
45.910.8 [40.123.4
51.010.2 |42.841.5
50.010.2 |42.741.1
45.9:0.839.8:2.5
51.9:0 [49.311.3
52.3:0 |49.621.5
53.7:0 [49.620.7
53.710.5 |50.041.8
54.410.5 |50.842.0
54.640.7 |50, 4:2.3
54.410.2 |50.2:2. 1
54.640.7 |50.442.3
53.420.3 (50.0£1.6
52.910.3 [49.6+1.5
57.120.3 [50.411.6
56.720.6 |50. 321.8
55.2:0 |50.621.2
57.00.4 |50.5:1.7
57.1+1.1 [50.741.5
56.00 [50.8x1.4
56.520.5 |50. 621.7
56.910.2 |51.041.7
54.110 |50.920.9
55.5:0 |51.211.0
57.2:0 |51.541.1
59.5:0 |[51.341.3
58.5:0 |51.7:1.3
71.410.1 |68.1:0.6

Inlet,

Ty 1

1892+1
1894+1
1890+2
18892
1888+1
188912

188742
184811
177840
19011
189641
18031

165911
17151
183912
191423
191743
1918+4

1917411
191844
1913+1
191012
193012
192813

192242
193042
193045
19251
192812
192941

191641
1923+1
1931+1
19411
193742

189010

Test fluid

Temperature, oy

QOutlet,
Ti n

184518
184417
184548
184447
1844:7
184417

184447
1836119
1838122
185519
185546
1837+16

189217
189516
1893+4
189748
190010
1899:10

189849
189910
189618
189516
189848
189749

189916
189819
190047
1900+7
189819
190148

1900+5 |(2061+1 {1956
190215 2061 19581
190316 [2101 1974+1
1902+7 (2159+2 |200142
190447 (2131 1987
197942 [2161 2052

Heating fluid

Inlet, [Outlet,

T T

s, I s, II

209511 | 19411

2094 1943
209242 | 194432
2094 1942:1
2092 1946
2093 1945

209242 1194823

2091 198742
2094:1 (199342
2084 1948
2055 1931
2093 1992

2080 198811
2081+£1 {19781
213341 {2007x2
2133+2 (2016
212311 (1997
2123 20001

2110 198842
2109 198712

2083 1967
205641 (1955
2191 203813
2153 2001
2095 1975
2171 2014
2179 2024
212746 |1983
2152 1999
2151 2002

TABLE I. - Continued. DATA

(a) Continued. U.S.

Condenser measurements

Coolant
Flow Inlet
rate, tem-
VVC, pera-

lbm/hr ture,
Te s, v
°F
4270 1312
5150 {1320z1
4270 |1315z2
4600 |1313
4570 1318
4770 (1318
4810 |1318x2
4770 (131213
4710 [1317zx1
7470 (1371
7220 [1367zx1
4720 1314
2550 1313
2560 |129512
4070 (13491
5930 |1358xl
6000 [1360z1
5940 (1362
5990 (1361
6020 (1360
5900 (1361
3400 |1327x1
6070 |1367
5930 |1366x1
4160 }1353z1
6120 |1366+1
6000 |1367
4540 1356
6040 |1372x4
5950 (1368
4190 |1341
4690 13681
4930 [1372
6500 |1369
5650 (1371
5320 13741

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.
®s indicates very steady with essentially no oscillations; So, between S8 and O; O, relatively small-amplitude regular oscilla-

tions; OF, between O and F; F, large amplitude oscillations which are not necessarily regular.
clPosition of valve in line connecting expansion tank to two-phase loop, O indicates open; C, closed.

Shell temperature,
oF

Qutlet

At 6-in. | At 12-in.
station, | station,

Tc,s Tc,s

183443 | 1587zl
1834 157045
183443 | 15894
18332 | 158213
183424 | 15892
1827+1 1578

1819412 | 15678411
1626122 | 150314
1600+£17 | 148814
1754+24 | 1564
171423 1545
1609129 | 1490+4

1606+12 | 150741
163512 | 151114
1742+46 | 156316
158543 | 1497£2
1609 1512

16024 | 1512x1

1621+1 150745
161249 | 151643
1596 1505
163020 | 1518
187047 15884
185417 | 1591+2

1739+13 | 1568+3
1853420 | 15954
1873 159842
18626 | 158942
182919 | 159045
1854 1596

163819 | 152441
165244 | 155314
1753428 | 1585+2
1879+4 | 1610+3
186717 | 16032
160843 1515+1

Tem-
pera-
ture,

Tc,IP

Op

1498
1475+1
149614
1485
1481
1478

147945
143314
14302
1471

146211
1431+1

147212
147743
149612
1449
1461
1460+1

14551
145711
145041
147142
148913
1492

14952
1493
14921
150743
1488
1493

1465
1486
1507
149711
15061
1468+1

Pres-
sure,

Pc,II’

psia

W >
'S ™o
R RS R N N N OO TN

o
v -
U -3 = o

51.
51.
51.
51.
52.
51.

Ll =SS S

68.9




FOR TWO-PHASE RUNS

customary units

Test fluid
Pres- |Inlet sub-
sure | cooling,
drop, AT se

APt, op
psi

G -1 7 -3 00
S o m o ® N

[ S B IS = ]
- W N Do

PR Tt X
(RN PN =)

[ R A MR RS
NI ISR SN N

(2 IS B e BN
W W N b d

W W M -] N

3
4
5
8
6.
3

ey

246
192
75

102

Heating
fluid
heat-
transfer
rate,
Qg
Btu/hr

221x103
222
221
225
221
218

(205£15)x103
15515
13919
204
180
14448

171
155
237
2317

182
24345
245
203
232
235

158
152
191
246
2117
161

Boiler computed values

Length, in. Heat transfer Quality -
coefficient,
Effec- Critical, Btu/(hr)(itz)(oF) Outlet, Critical,
tive, lcr X0 Xor
le Average | Effec-
overall, tive,
U, Ve
---------------- 3240 cemeee-10.44 R,
---------------- 3310 mmmeeea [ 7L 44 ———————e
---------------- 3180 .43 B
———————— 3280 .44
———————— 3200 .41
---------------- 3130 B R ——
———————— 43.5 - 452840300 {2900+280 | .35x0.03}0.3610.02
25.5 - 28| -------- 157070 (2690170 | .2430.01{---------
16.5 - 36| --——---- 1150480 |3100:400 | .2040.02]---------
———————————————— 3290 “mm---—-| .34 —me -
———————————————— 3370 e .30 memee oo
P R 1260+90 [2900 L2240, 01| - --
17 30.5-32.5[1070 3550430 .91 . 570,04
18.5 40 1365 3440 .93 .71
22.5 46.5 1890 3340 .92 .92
———————— 24 2030 307070 .81 .57+0.02
———————— 30 2470 2940 .83 .56
-------- (a) 2460 (a) .83 (a)
-------- 29 2720 3370 .80 .54
———————— 32 2700 3060 .78 .53
———————————————— 2930 -—------| .70
———————————————— 3250 -m------] .60
———————— 26 - 27 (2410 3310190 | .74 .50+0.03
———————— 3030 bl B £ mmmmmem
———————————————— 3100 -—------| .56 ———————
———————— 38 2830100 {3110£120 { .74+0.02| .62:+0.01
2720 3380£100 | .75 . 48+0.01
3090 |-------- R R
---------------- 2980 R I 5 | mmmmmnn—
---------------- 3070 el B mmmmmee
———————————————— 3330 ——----—-| .48 memmmmeee
———————— 3400 ——m----- ] .32 EEEE TR
———————— 3450 .40 e
———————— 3360 .51 B
---------------- 3400 e | .44 m—————
17.5 | -=------ 1800 3510 .65 fee-e-----

Test
fluid
inlet
phase
condi-
tion

ol B I ol o

L

Remarks

Steadi-
ness
of flow
rate,
pres-
sure,
and
temper-
ature

(c)
SO

w

w OO0 =mMOwuwmmyg O

o
R

Posi-
tion
of
valve

(d)

000000 ao0n

Oaooo

Type | Type
of of
run |change
(e) )
U [o]
U (8]
U (o]
DR T
DR T
U (o]
u (o]
U (o]
AR T
U (o]

indicated all variables being held constant; BR, one variable continuously changed before run; DR, one variable continuously

changed during run; AR, one variable continuocusly changed after run; BS, stepchange of one variable made before run; AS, step-
change of one variable made after run. ,
fO indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exit pressure changed; T, preheater exit
temperature changed.
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Boiler measurements

Run
Flow rate, Ibm/hr
Heating | Test

fluid, |fluid,

ws Wt
337 5150 [150
339 5020 152
336 5080 [19513
334 5090 (19517
335 5100 [198
332 5100 [200x2
333 5090 [202:4
331 5010 (29312
329 5010 |295
330 5090 29643
328 5040 297
327 5050 297
Andeterminate.

bF indicates two phase; TF, transition from two phase to liquid phase; L, liquid phase.

Pressure, psia

Test fluid

Inlet, Qutlet,

Py g P m

71.9+0.2| 68.4x0.6
71.2:0.1| 68.0:0.7
72.510.2(68.4+1.8
72.1+0.1]68.5+1.7
71.40.1(68.620.4
72.1+0.1[69.2+1.0

71.710. 1 69.010.
72.1+0.1{69. 4+1.
72.740.1]|68.5+1.
69.920.1167.5+2.
72.30.1}68.710.

2

66.0+0.2] 61, 3+1.

=1 - DN o

Test

Inlet,

Tt 1

188911
189311
199642
1995+1
1943+1
199410

1993+z1
1995+2
19971
198541
199541

Temperature, op

fluid

OQutlet,
t, IT

198042
197813
1980+7
198047
1980+2
19834

1982+4
198345
198046
1976111
198113

196911

195146

Heating fluid

Inlet,

Ts,I

2175+1
214321
2176
2151
2151
2135+1

2136
2109
2146
2008
2134
2121

Qutlet,

Ts, 1x

20631
2044
2048x1
2042+1
2053+1
2032

2033
2017
2029+1
1979
2026+1
2005+1

TABLE I. - Continued. DATA

(a) Concluded. U.S.

Condenser measurements

Coolant
Flow Inlet
rate, tem-
WC, pera-

lbm hr| ture,
Tc,f, I
°F
5270 | 1358
5260 | 1366
6240 | 1371+1
5590 | 1363
4240 | 1345
5970 | 1359
5000 | 1360
5860 (1373
5940 | 136411
2980 | 1290:1
5700 | 1364
5630 | 1366

Shell temperature, Outlet
°r

Tem- | Pres-
At 6-in. | At 12-in. | pera- | sure,
station, | station, | ture, PC, I

Tc, s Tc, s Tc, Ir | psia
oF

1624+2 | 1511 1456:1| 69.0
158743 | 1500x1 1455 68.4
16418 | 1533 1473 -
16272 | 151642 1461 ——--
1654424 1513 1462 -——-
15804 | 1496 1448 R
164617 | 1514+1 1462 -
159947 | 1509 145541 ----
1665 1537 1468+3| ----
1469+1 | 140911 1375+2| ----
1661+10 | 152811 1468 -
1671411 155042 (1473+1| ----

€S indicates very steady with essentially no oscillations; SO, between S and O; O, relatively small-amplitude regular oscilla-
tions; OF, between O and F; F, large amplitude oscillations which are not necessarily regular.
dPosition of valve in line connecting expansion tank to two-phase loop. O indicates open; C, closed.
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FOR TWO-PHASE RUNS

customary units

Test fluid
Pres-| Inlet sub-|
sure | cooling,
drop, ATsc’
APt, o
psi

BN W W oW
Ww o ;= L

PSS S IR |

2
2
4
2
3.
4

cu

105
98

49

Boiler computed values Remarks
Heating Length, in. Heat transfer Quality - Test | Steadi- | Posi-|Type| Type
fluid coefficient, fluid ness tion of of
heat- |Etfec-| Critical, Btu/(hr)(ftz)(OF) Outlet, | Critical, [ )0 of flow | of run | change
transfer tive, ler Xo Xcr phase rate, | valve
rate, Lo Average Ef.fec— condi-| pres-
Q overall, | tive, tion sure,
Btu/hr Uy Ue and
temper-
ature
(b) (e) d | (e ®
1'77><103 17 -—-- 1870 3450 0.72 - L ) o) U o
146 13 -—-- 1760 3480 .58 - L S
192 -- ——-- 3200 ---- .62 ——-- F o
170 -- -—-- 3350 —--- .55 - TF OF
141 20 - 1925 3600 .44 == L S
151 -- -—-- 3290 - .47 - TF OF
152 -- -—-- 3300 ———- .47 ——- TF OoF
126 -- ——-- 3580 ———- .27 -—-- F S
168 -- - 3550 - .36 ——--
36 -~ ——- (a) -——-- .08 ——--
154 -- -—-- 3530 -——- .33 =
171 -- - 3500 | ---- .36 | ---- A

indicated all variables being held constant; BR, one variable continuously changed before run; DR, one variable

continuously changed during run; AR, one variable continuously changed after run; BS, stepchange of one variable
made before run; AS, stepchange of one variable made after run.

fO indicates no variables being changed; W, test-fluid flow rate changed; P, test-fluid exist pressure changed;

T, preheater exit temperature changed.




TABLE 1. - Continued. DATA

() s1
Run Boiler measurements Condenser measurements
Flow rate, Pressure, Temperature, K Coolant Shell temperature, Outlet
g/sec kN/m2 abs - K
Test fluid Heating fluid | Flow Inlet
Heating Test Test fluid rate, tem- | At15,2-cm|At30.5-cm| Tem- | Pres-
fluid, fluid, Inlet, | Outlet, | Inlet, | Outlet, Wc’ per- station, station, pera- | sure,
WS W, Inlet, | Outlet, Tt,I Tt,H Ts,I Ts,II g/sec | ature, T, 5 T, s ture, P, w
Pi1| Py,m T, .o ’ ’ T :
c,f,T c, IP kN
K K m2 abs
| 85 624 9.5 196+0 | 17743 | 1166+1]1220+2 | 1322 | 1279 182 902 1140 105242 1042 189
82 629 10.8+0.5]| 19940 177+3 | 1182+11220+2 {1329 | 1281 180 890 1204113 10641 1051 187
115 625 11.1+1.3]202+2 [ 1778 | 1203+3|1220+6 | 1325 | 1280 4317 1006 112414 1081 1060 187
83 6217 11.8+0.3|203+1 [178+3 | 1195+11220+2 | 1331 | 1280 179 895 1182428 10851 1072 190
84 625 12.5+0.1{ 2031 [178+3 | 1200:0)1220+2 | 13368 | 1281 176 902 121445 11032 10862 | 190
74 627 12.5+0. 3| 20140 [ 17742 | 1199+1)1219+2 | 1325 | 1270 |292 803 9982 939 921 188
113 627 12.7+1.41 19943 | 17747 | 1234+£2 (122045 | 1308 | 125843 (475 979 110510 10576 1035+3 | 186
112 627 13.1+1.1]200+2 | 178+7 | 12354112205 | 1307 | 1256 477 979 1108 1060x2 1038+1| 188
114 635 13.1£1.0( 2021 | 179+8 | 1236+1|1221+6 [ 1313 | 1260 435 1001 1168122 1192 1067 191
50 624 14.4+0.8] 20923 | 17627 | 1241+2]1219+5 | 1348 | 1287 747 1020 1195114 1098+1 1064 186
49 622 15.040.5| 2115 {17316 | 124243 |1218+3 | 1347 | 1286 752 1001 1191419 10791 1047 186
73 629 15.6+1.4( 20442 | 17316 | 123812 [1217+4 | 1327 | 1266 420 955 1200 10701 1040+3| 185
46 627 15.7+1.3 (21741 | 17748 | 1245:1{1219+6 1347 | 1285 766 1004 1187423 1084 1049 186
72 626 15.941. 82042 | 17416 | 123842 (1217+4 | 1327 | 1266 423 964 1204+8 107642 1049:1| 185
44 627 17.3£1.6]1215+3 |177+8 | 124442121916 | 1347 | 12802733 1013 1214 11072 1064 188
111 620 17.6+1.6(225+3 | 1808 | 12502 {1222+6 |[1358 | 1287 566 1004 12162 11177 1075 189
108 620 17.921.4] 22444 | 1817 | 124922 [1222+4 | 1354 [ 1285 960 1015 1179416 109317 1055+2 | 191
71 624 17.911.3(208+2 | 17547 | 124041 [1219+5 | 1325 | 1264 363 971 1214+1 1104 1073 185
107 619 18.0£1.5121914 {18327 | 124712 (122414 | 1347 | 1280 976 1116 1163439 109315 1065+1f 193
106 626 18.210.3|206x2 | 18146 |1239+1 [1222+3 |1315 | 1260 968 1015 111314 1068 1045 190
110 627 18.4+1.31224+3 (18248 | 124912 |1223+6 | 1353 {1283 533 1003 1219 111847 1076 190
109 616 18.5+1 21743 1811 [1245:2 [1223+2 | 1359 | 1291 825 10121 | 121145 1116+17 [1059 192
33 629 18.8+1.61222+0 {179+5 |[124720 [1222+3 1346 |1278 725 1015 1218+1 111543 1067 188
21 629 19.'7'_*%.':51 2104 |177+16 [ 124142 {1220+£10 (1330 [ 1271 452 994 1218 110542 1070+1 | 182
70 631 21.10.4 2092 [175+6 |[1240+1 |1219+4 {1326 |[1263 363 979 1215 11162 1083+2 ] 186
624 22.24_’(1)’(5) 21910 |183+0 [1231x1(1224+0 | 1349 |1289 802 1034 120642 111812 1071 195
5 626 22.2:1.4[217:0 [182:0 [1224+1 122321 |1346 |1288 805 1023 116749 1103+13 1061 193
41 630 22.2+1.0224+2 (17816 |[1249x1 [12212+4 | 1346 (1279 785 1015 1217 1112 1064 188
32 626 22.3+1.4]2220 (17945 |1248+0 |1222+3 | 1345 1277 731 1013 121711 1114 1066 191
62 621 23.3+1.9252+5 |179+5 [1265+3 [122243 |1414 | 13311 |750 1013 1218 112043 1078+1 | 188
9 696 23.5+0.3 2170 (1790 [1191x1[1222+0 [1345 [1287 403150 968+1 | 1221 1107 1074 190
60 621 23.8+1.5]253+3 [180+4 |1265x2 |1222+3 |1403+9| 1317 757 1013 1219 112949 1078+1 | 190
61 621 23.8+2.4 2526 {17945 |1264+3 [1221+4 |1407 |1325+3 |773 1012 12161 112612 10773 | 190
24 630 24.2*:,?:% 20245 (164424 |1203+1 |1210+18(1345 | 130842 (731 927 1038+10 98212 961+2 | 179
69 629  [24.420.4(214+2 [175+4 (124411 {121923 |1324 [1263 369 988 12131 1123 1091+1§ 186
68 745 24.440. 42051 (17545 [1238+1[1218+3 [1301 [1256 371 992 1213+1 1109 1078 186
2ndeterminate.
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FOR TWO-PHASE RUNS

units
Test fluid
Pressure | Inlet subcooling,
drop, ATsc’
APy, K
KN/m?
19 67
21 52
24 33
25 42
25 36
24 37
22 0
22
22
33
38
31
40
30
39
45
43
33
37
25
42
36
42
33
34
36 15
35 16
46 0
43 ]
72 0
38 54
73 0
72 0
37 33
39 0
30 0

Heating fluid
heat-transfer
rate,

Qg
kw

33.4
37.5
31.7
41.0
43.1
42.8

36.5+2.3
36.5+0.9
40.7+1.2
45.1
42.8
44.343.5

48.1
45.5+2. 6
50.4
52.1+1.2
51.6+3.5
44,.5+£1. 8

49.5+£1.2
41.3
54.042.3
51.6
51.6+1.8
44.5+2.3

46.3
44.
54.0+0.6
51.9+0.9
60.4x1.5

o

46.6
64.2
60.1+3.5
26.9+2.1
46.9
39.0

Boiler computed values

Length, m
Effective, Critical,

le ler
0.571 0.825

.597 0.965 - 0.990

(a) .534 - 0.660

.571 1.09

.571 1.09

L6822 | e-memmeeen-
----- .1750
————— .750
----- 1.07
----- . 889
----- . 990
----- .838
----- .826 - 0.940
----- 1.18

B N B

L i

.660 | momeeeo—-ee
————— 711

571 | —mmmemeeee
----- .736 - 0.787
_____ . 660 - 0.736

Heat-transfer coefficient,
KW /(m?)(K)

Average overall,

10.

14.
15.
15.
11.
10.
14,

13.
14.
13.
13.
13.
15.

14.
17.
15.
13.
15.
14.

17.
11.
10.
16.
15.
10.

12.
10.

© w3 A
W oW =1 = O

Ua

T+1.
410,

3

9+0.8

4+1.

9+1.

410,
8+l
9+1.

110.

1+1.
3+0.
3+0.
4+1.

1+0.
7+0.
140.

6+0.
. 710,
17.
18.

6
1

O ® W o

Quality

Qutlet, Critical,

Effective, X0 Xcr
Ue
19.8 0.90 0.55
20.0+£0.1} .88 .750.04
(a) .74 (a)

18.7 .89 .79
18.5 .89 77
19.5 T TR SR
———————— .7540.06 ------——-
———————— L7340.02 | -------m-
———————— .81+0.03 | ------~--
15.1 .82 .63
15.5 .74 59
15.9+2.5 .74+0.06| .67+0.07
16.6 .80 .74
16.3+1.5 .775+0.04| .64:0.05
———————— .76 B
15. 440.6 .77+0.02] .55+0.02
16.4+2.7 .'16£0.05| .59x0.04
-------- 650,03 ] ~=mmmomno
———————— L7240.02} ---------
———————— .60 ———————ee
15.0£0.9 .76+0.04) .77£0.04
19.7 I & T [P
-------- 720, 02| -=--onmm-
-------- 800,04 | ~--cmumn
———————— .60 ———memm -
19.5 .54 |---------
19.3 A e
———————— .8320.01| ----~----
———————— .6120.01| -~----=---
15.0£1.0 .68+0.02( .56:0.04
19.3 50 | ememme-
15.8+0.6 .71 .50
15.4+0.2 .67:0.04] .4920.02
10.6+0.6 .2820.02| ---------
———————— .50 B ]
———————— .42 mmmmmmemm
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TABLE 1. - Continued. DATA

(b) Continued. 3S.I.

Run Boiler measurements Condenser measurements
Flow rate, Pressure, Temperature, K Coolant Shell temperature, Outlet
g/sec kN/m2 abs - K
Test fluid Heating fluid Flow Inlet
Heating| Test Test fluid rate, tem- |At15,2-cm|At30.5-cm| Tem- | Pres-
fluid, fluid, Inlet, |Outlet, | Inlet, | Outlet, Wc’ per- station, station, pera- | sure,
Ws Wt I;let, Oputlet, Tt,I Tt, I Ts, I Ts, I g/sec ature, Tc, s Tc, s ture, PC’ I
RS IR Tet,r Te,mw | kN
K K m2 abs
59 624 |24.6x1.6 (251151807 126442 (122214 1399 | 1311 752 1012 1222 1126+3 |1080+£2| 189
58 621 124.7:1.8 |249x3 (1798 | 126212122116 1389 | 131448 | 1755 1011 12191 112314 |1078 189
104 640 [24.7:1.4 {2606 | 18416 |1268+3 122414 1412 | 1330 1165 1022 1224 1113 1064:1| 195
8 687 |24.7+10.6(235x8 | 179425 | 1254+1 [1221+16 | 1388 | 1333 3691231 967 121816 1107 1181£3| 194
63 624 ]24.820.6 {2412 [181+10 (125841 (122217 1380 | 1297 751 1010 1222 1121 10762 190
66 635 |24.8+0.4 |199x1 (17615 |1235+1(1219+4 1296 | 1251 550 991 110914 1068+2 |1040 185
103 636 |24.8x1.3 (2553 } 18318 |1266+2 122445 1400 | 1316 1112 1022 121913 111244 |1068+3| 195
105 636 (24.8+2.3 (26016 18517 |[1268+3 122545 1425 | 1342 1159 1022 1221+1 1115 1065 193
25 630 25.0f§:g 20345 | 171425 [ 1207+1 [1215+18 | 1344 | 13043 | 716 965 105311 101943 99743 179
102 615 |25.241.3 |250+3 (18418 |1263+2 |122445 1393 | 1307 1130 1021 12221 1115£2 | 1067 193
78 625 [25.6+0.6 [207+2 |176+3 {1208x1 12192 1326 | 1272 396 935 10952 1051 1021 186
65 635 [25.6+0.4 |216:2 [178x6 |[1245+1 (12204 1332 | 1270 768 1013 121742 1106 1059 189
56 625 [25.7+1.3 [236x3 |179+6 |1256+1 |122114 1367 | 1292 752 1013 1219 11183 | 1074 188
57 626 |25.7+0.8 |244£2 (17946 [1260+2 (122243 1384 | 1301 755 1014 1220 112311 [1077:1| 188
19 634 |25.7:0.5 |219+0 (18045 (124610 (122213 1333 | 1270 629 1009 1220 1109 10692 | 193
52 630 [25.8+0.6 |233+3 [180x7 |1254+2 |1222+4 1357 | 1285 753 1013 12224 1119 1067 190
51 631 [26.2+0.8 (22813 [179+5 |1251+2 (12214 1348 | 1278 784 1012 1219 1111 1065 188
101 614 [26.310.4 [249+2 |18628 | 126312 |122646 1385 | 1302 1131 1023 1221 1114 1065 195
39 625 [26.3x1.1 [226+1 |178x6 |1250x1 12214 1347 | 1276 755 1014 1219 1118 1068 190
55 625 [26.5x1.1 [235x3 |179+8 |125542 122116 1363 | 1289 752 1013 1219 1118+2 | 1076 190
31 629 127.8+0.6 |228+6 (1806 |[1251+0 (122213 1346 | 1278 738 1014 1218 11182 1068 191
38 624 [28.5x1.1 |228+3 |17816 |1251+2 122114 1345 | 1278 753 1014 1219 11201 | 1069 188
354 629 |29.6 25412 12006 | 126413 123543 1363 | 1289 707 1017 1234411 1118 1078 215
17 633 [29.6+0.4 [226+0 |1805 [125010 (122243 1336 | 1273 622 1013 121912 1118 1073 192
30 627 [31.1:0.6 {2300 {1806 |1253+0 (122243 1347 | 1277 737 1013 1220 1121+ | 1069 192
15 625 (33.2 22820 11805 11251£0 (122243 1338 | 1274 600 1011 1218 1124 1075 191
37 627 |34.440.4 |235z1 [18416 [1255+1 (122414 1347 | 1280 752 1015 12191 1119 1069 193
28 627 [36.0+0.3 [233z0 |18216 125410 (122314 1345 | 1277 725 1012 1219 1117 1071 193
23 630 36.3fg'$ 2234 | 184123 | 124942 |1224+16 | 1347 | 1283 756 1017 1217 111145 |1067+2| 190
96 616 [37.020.5 [28423 {18659 128111 (122616 1423 | 1323 990 1018 1223 114345 |[1080+2| 195
100 609 (37.2+1.0 [303x3 |185+9 |1290x1 |1225+6 1450 | 1343 1128 1021 1224 11362 | 1081 193
98 615 [37.310.5 [296+2 |187+8 128641 |122616 1440 | 1335 1107 1018 1224 1133+4 {1077+2} 195
90 621 [37.3 238+1 |18416 |1257x1 (122444 1346 | 1279 747 1017 1221 112043 | 1071 192
94 612 [37.50.3 [271x2 |18428 }1274+1 (122416 1406 | 1313 940 1020 1223 11452 |[1081:2| 193
95 615 137.5:0.3 |278+2 [187+8 |1278+1 }122616 1413 | 1316 968 102141 1225:1 11412 | 1083 185
93 619 [37.520.3 [264x3 (1866 (12701122414 1389 | 1301 911 10191 1223 11333 | 1077 193
3ndeterminate.




FOR TWO-PHASE RUNS

units

Test fluid

Pressure
drop,

N

kN/m2

71
70
76
57
61
23

72
5
32
66
31
38

58
66
39
53
48
63

48
56
48
50
54
46

50
48
52
51
39
98

117
109
54
87
92
78

Inlet subcooling

ATsc,

K

-f————— O = O O O

Heating fluid
heat-transfer
rate,

Qg
kw

64.0x1.8
63.6
66.0+1.2
48.146.2
62.7
35.5

67.5+0. 9
64.5+2.6
28.1+4.1
65.4
40.2
50.4

59.2
64.0
48.4
55.7+0.9
53.7

66.0+1.5

54.241.5
57.1£1.2
51.9
52.5
54.820.6
49.8

54.8:0.9
49.8
53.4
53.4
51.343.8
80.6

87.
83.
50.
70.
74.
65.

(L L = T e <R o ]

Boiler computed values

Length, m

Effective,

le

Critical,

ZC r

0.813

1.07

0.762 - 0. 800
(a)

1.02

Heat-transfer coefficient, Quality -
KW /(m%)(1)

Average overall,| Effective, | Outlet, Critical,
Uy Ue Xo Ker
12.910.5 14.8+0.3 [0.6840.02{0.45+0.01

13.8 14.7 .68 .62
11.8+0.3 15.6+0.3 | .70+0.02| .5410.01
8.6+1.1 (a) .51+0.07 (a)
14.7 ol eeeeee- .66 | o-eeeee--
18.8 | -------- 237 e
13.7+0.3 15.210.4 | .7240.01( .65+0.01
10.210.6 15.6+1.2 | .68+0.03| .55+0.01
5.1:0.8 10.4£1.9 | .2820.05) -—----~--
14.2 14.1 .12 .70

16.0 18.6 .40

117.8 | -e------ .51

14.9 | cmmeeeeo .61

14.6 .65

16.17 .49

15.8+0.2 . 570,

ST S ——— 7 R
15.940.6 | m-mmom-n . 6640.01 [ -—commmnm
16.740.7 | =ememmnn .54£0.01 | mmemmmmm-
14.9:0.5 | --momon- 572001 [ =mmommmam
16.4 | ememeeen .49 femeeees
16.4 | —-mmmmm- Y D PR
17.240.3 | ~=m-ooen T H S
17.5 | meeeeeee Y S O
18.140.5 | —---coo- I A [
17.4 | eeeeeees I 1: T S,
179 e IS S
17.8 | —memm-- I T T [
14.641.5 | mmmmoee- L3740, 03 [ -mccmme
15.2 | omememe- .56 [eeomemmee
15.0 | eeeoooe- BT T S,
15.3 | ememeee- .60 fememmmoeo
16.9 | -memmm-- B 1: T (.
15.5 .50

16.1 .53

15.9 .46
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Boiler measurements

Run
Flow rate, Pressure, Temperature, K
g/sec kN/m2 abs
Test fluid Heating fluid
Heating Test Test fluid
fluid, fluid, Inlet, | Outlet, | Inlet, |Qutlet,
W W, Il‘;let’ 0;”“’ T | Tom | Ts,1 | Ts,n
t, 1] Pt 1
91 629 37.5 244+1|185+6 [1260+1 (122444 1357 {1285
92 620 37.6+0.4) 25442 1848 [1266+1 (122446 1375 1292
13 629 37.8 234:0| 1826 [125540}1224+4 1340 | 1275
12 633 37.8 236:0[181+6 |1256+0( 122214 1344 {1277
75 617 38.3+0.1{228+1]180+5 ;1251+1|1222+3 1326 | 1268
27 631 40.110.4(235+0{ 18446 |[125540 122424 1346 | 1278
22| 631 |42.5750(23042] 184415 125042 | 1224410] 1346 [1279
35 633 43.1 234+01181+2 {1255+0(1222+1 1346 | 1290
26 629 43.7+0.4(239+0]184+6 |[1257x1[1224+4 1347 | 1278
34 629 47.9 240+0[186+3 {12580 122642 1346 1290
146 635 13.2 253+0(2342 [1215+1] 12551 1365 {1308
147 638 13.2 252+0(234+2 |[1213+1(1255+1 1354 | 1302
143 ] 638 [13.2 260:0|234+2 [121411|1255+1 | 1383 | 1322
149 644 13.2 2491012362 [1210+1|1256+1 1332 [ 1289
148 636 13.3 246+0[230+2 (121141125241 1343 | 1295+1
145 635 13.6 2541012342 |1213+1|125521 1371 | 1312
144 636 13.9 258+0[23424 (121810 (12552 1387 | 1327
348 629 18.6+0.3|272+11244+8 |1275+1 | 1260+4 1361 [ 1301
142 631 20.0+1.0|276+3)234+9 |1277+2 | 1255614 1403 {13304
141 629 20.3£1.4)294+3(234+8 [1275+2 125545 1396 {1319
140 630 20.7+1.0272+2(236+10 | 127442 | 125516 1388 [ 1314
136 638 20.7+0.4[262+0|236+10 |1270+2 | 125645 1360 | 1299
137 639 20.71+0.41265+£0[236+9 127111125645 1368 [ 1303
134 629 20.820.3|259+0)237+7 |1268+1|1257+3 1346 [ 1292
139 635 20.920.5]270+0(236+9 127342 | 125516 1381 | 131345
135 640 21.0+0.3]25940{23418 [1268+2 | 12554 1355 {1295
138 631 21.3+0.41268:0[238+8 (127242 |125615 1374 |1305+1
132 625 24.7+1.1]293+8{236+9 [128414 125615 1435 [1347+2
350 631 24.7+£0.1|271£1(235+8 |1274+1|1255+4 1362 [ 1299
128 630 25.0+0.4]286+1{238+8 |1281+1 12574 1402 11321
127 634 25.0+0.4|284+2]|239+8 [1281+1|1257x4 1394 [ 1314
131 626 25.2+1.0]290+3|236+8 |[128342 112564 1423 [1335%1
130 625 25.310.8(289+2|239+8 |1283+1|1258+4 1418 [ 13312
133 636 25.410.3]26240]235+7 [127010 125544 1353 [ 1293
129 626 25.6+0.3]|289+2(239+8 (12831 |1257+4 1410 (1326
126 631 25.60.5]278+1|238+9 [1278+1 12575 1380 {1309
Andeterminate.

TABLE I. - Continued. DATA

(b) Continued. 8.1.

Condenser measurements

Coolant

Flow
rate,

Wc’

g/sec

741
740
614
616
298
718

756
723

742
626

545
543
696

621
626
615
621
631
6217

615
622
622
1038
697
1026

1035
1030
1032
1040
1043
1030

Inlet
tem-
per-
ature,
Tc, f, I
K

1017
1015
1012
1013
853
1071457

1017
1014
1015
1014

993
1003

1006
1005
1008
1005
1009
1009

1008
1008
1008
1002
1009

997

1007
1002
1018
1018
1014
1016

1017
1017
1017
1011
1017
1017

Shell temperature, Outlet
K
At15.2-cm| At 30.5-cm| Tem- | Pres-
station, station, pera- | sure,
Tc, s Tc, s ture, Pc, g
Te,w| xv
K m2 abs
1224 1121 1077 193
1223 1140x4 (1083+1| 191
1219 112913 (1078 192
1219 113318 11080 191
1113z10 1034 1001 188
1220 1122 1071 193
120818 111945 (1070 191
1215x1 110415 {1062+1{ 190
12211 111841 1071 193
1197+11 1099+1 1064 192
1122 1079 1052 250
1125 1078 1055 247
1170+3 1085 1067+3| 250
1107 1063 1045 246
11202 1077 1056
117311 1097 1067
121321 1101 1071
114247 10842 (1057 254
1251+2 11235 [1076+3| 248
1251 112942 1079 248
124943 11252 1078 247
1169123 1093 1060 248
121043 1107 1068 248
11214 1074 1048 248
1250+1 1119 1074 246
114945 108842 1058 244
1249:3 112542 |1084+1| 249
12471 11192 106542
1160 1106 1068
121942 11105 1064
1187+18 1103 1062
12501 1120£2 |1067+3
1252 111721 1065+2
111344 10704 10432
124616 1116 1064
1178+16 1100+£1 1058




FOR TWO-PHASE RUNS

units

Test fluid

Pressure
drop,
AP,

kN/m2

59
70
52
55
48
52

46
53
56
54
19
18

26
13
16
20
24
28

42
39
36
26
29
22

34
25
30
57
36
48

45
54
50
27
50
40

Inlet subcooling,

ATsc,

K

- 0 O N w-— O

3]

54
53
51
53
50

Heating fluid
heat-transfer
rate,

QS’
kW

55.
59.
49.
52.
44.040.9
52.2

(IR I

53.343.2
44.0
51.9+1.2
42.5
44.8
41.0

47.8
32.8
36.9
46.3
49.2
45.5

57.1+4.1
59.2
58.3
47.2
51.0
42.2+1.2

55.7
45.5
53.3
67.8+1.5
49.5
65.3

59.8
68.6x1.5
68.91+2.3
48.1
68.3x1.5
56.0

Boiler computed values

Length, m

Effective, | Critical,

le lC!‘

Heat-transfer coefficient, Quality -
KW/ (m?) (K) —
Outlet, Critical,
Average overall, | Effective, X0 Xcr
U, Ue

) N 1 N B
16.3 | ~------- .42
17.6 ] -------- .35
18.0 | -------- ] I R et
18.7+1.4 | ------—- .3140.01f —--~~----
7.1 | - .34
16.6+1.3 | -------- .33£0.02] ---------
12.6 19.1 .21
17.740.6 | -------- .31+0.01
12.9 17.6 .23
9.2 19.0 N
9.1 19.6 L I B
8.5 19.5 .93 0.77
8.8 20.2 .83 | -e-------
8.7 19.3 R S B B it
9.0 18.9 R N e
8.6 19.6 .92 .19
16.6 | -------- L R e
12.611.3 15.9+2 .7610. 05| .56x0.06
14.3 | -------- L B it
15,3 | -----ee- B T B
15.7 | —mmmmmm- .60 | meemmmees
6.3 | -------- 1 R e
17.240.8 | -=------ .53£0.02] —--==---~
15.8 [ ~------= 700 | memmm e
6.0 | -------- Y A
15.9 | -------- L B
12.210.4 15.8+0.6| .72+0.02] .54£0.02
18.3 | -------- .53 | ---mem--
16.5 | --—----- B I B
15.7 | -mmmmmem .83 | --mmmmm--
14.010.5 15.440.6 | .72+0.02| .5310.02
14,8+0.9 15.9+1.0{ .72+0.03| .55+0.03
18.9 .50
15.910.6 . 70+0.
16.9 .58
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TABLE I. - Continued. DATA

(b) Continued. SI

Run Boiler measurements Condenser measurements
Flow rate, Pressure, Temperature, X Coolant Shell temperature,
g/sec kN/m2 abs K
Test fluid Heating fluid | Flow | Inlet Tem- | Pres-
Heating { Test Test fluid rate, | tem- [At15.2-cm)At30.5-cm| pera- | sure,
fluid, fluid, Inlet, | Outlet, | Inlet, | Outlet, Wc’ per- station, station, | ture, P
W W, zze;’ C;:t“:’ Tor | Tou | To1 | Ts,1 | g/see ;ture, T, Tes |Temw| i
’ ’ c,f, I K m2 abs
K
3417 636 |25.7 278+1f 2456 | 127721126143 |[1373+10| 1301 712 | 1013 11701 1101 1064 256
346 644 [26.7+0.1|278x1| 24518 |1277+1] 126044 | 1362 1299 714 | 1014 117543 1102+1 | 1066 255
364 625 30.9 296+1] 2392 | 12651 125741 | 1422 1338 780 | 1017 1254 1133£2 | 1081 250
355 622 31.0 2751 23616 12761 125643 [ 136211 | 1298 704 | 1014 120414 1112 1070 249
359 624 31.1 290:£1| 2353 |1256x1( 12552 | 1410 1330 685 | 1014 1253+1 1134 1083 249
363 626 31.1 293+1( 24141 }124510( 125841 | 1414 1334 784 | 1016 1255 11804 | 1075 253
353 629 31.2 276x1) 23616 |1277+0( 1256+3 | 1362 1298 711 | 1015 1207+£12 1113+3 | 1070 248
365 627 31.5 297+1( 23943 {1284x+1] 12572 | 1420 1339 783 | 1017 1254 1135 1079 251
351 629 31.5 275+1[ 23646 |1276+1| 125613 | 1363 1299 699 | 1014 1205411 1112 1070 249
360 6217 32.6x4.5|28246) 236128 | 1258+1] 1255x15 | 1411 1350x1| 727 | 1010 116532 1095+2 | 1061+2| 240
362 624 34.412.9 | 268+4| 234423 [ 1230+1 | 125412 | 1384 1337 368 992 11702 1093+3 | 1069 240
124 634 37.220.3 | 3423 24110 )1307+2 | 125846 | 1471 1363 1043 | 1016 1253 114915 |1084 249
349 | 631 37.4 285+1| 2466 |1281+1| 126143 }1362 1302 722 | 1015 1186 11082 | 1070 255
119 635 37.5 295+1) 23929 [1286+1| 125715 | 1398 1319 913 | 1015 1252 1127 1070 248
118 631 37.8 279:2(234+8 |[1278+1| 125524 | 1369 1301 702 | 1009 1235+1 1118 10701 242
345 641 37.8 286+1] 24616 | 12811 1261+3 | 1373+11] 1302 711 | 1015 118514 1111 1069 255
117} 631 38.0 26912 | 236+6 (1273+1]1256+3 | 1353 1294 706 | 1009 115649 1101+1 | 1063 242
122 630 38.320.5 | 33443 24110 [ 13031 [ 12596 | 1457 1351 1039 | 1014 1254 114345 |1080+£1| 249
121 635 38.620.6 | 324+2| 243+10 (12991 125946 | 1441 1346+2 | 980 | 1015 1255 1142+2 {1079
120 630 38.7+1.1]306+1|239+9 [1291+1|1257+5 | 1424 1332 873 | 1013 1255 1138+1 | 1077
123 631 40.1x1.5 | 34141 241+10 | 13071 | 12586 | 1470 1362 1039 | 1009 1253 1139x1 | 1076
116 626 44.1 2622|2345 |1270x1| 125523 | 1327 1282 701 | 1003 1113 1073 1043 245
183 643 10.8 302+0]288+3 |[1207+1]1283+2 | 1363 1320 314 999 1130+2 1091 1074 300
184 | 748 12.3 302:0) 285x4 [1219:1|1281+2 |1382 1335 510 | 1013 114815 1097 1072 298
181 741 12.5 306+0|288+3 |1220x1]1282+2 |1383 1334 511 997 1125+1 1083 1058 298
185 699 12.6 300:0(283+3 |1221+1|1280+2 | 1383 1331 511 | 1010 1145 1095+1 {1069 298
178 669 12.8 3060|2872 |1225+1]1282+1 |1382 1333 515 | 1012 11474 1093 1069 299
179 707 13.0 30702913 [1229+1|1284+1 |1383 1334 514 | 1012 114214 1097+1 | 1071 304
176 638 13.2 3060 287+2 |1229+11282+1 (1384 1331 517 | 1002 113211 1085 1061 299
175 641 13.2 309+0(292+3 |1226+1|1284+1 [1389 1334 515 | 1002 1137 1087 1063 304
186 | 703 13.2 302012861 |1223+1|1282+1 |1389 1341 510 | 1009 1132 1089 1064 298
182 751 13.2 300+0| 28423 [1236+11281+1 }1383 1339 511 | 1000 113127 1077 1055 298
172 633 13.3 308101 290+1 |[1250+1 (12841 |1400 1344 516 999 113743 1084 1061 301
171 640 13.5 311:+0] 29212 |1234+1]1284+1 | 1406 1348 505 999 113643 10891 (1063 303
183 743 13.5 3010|2843 |[1230+1(1281+1 |[1383 1340 514 | 1004 1127 1082 10571 298
173 640 13.8 308:0]292+2 |1233x1{1284x1 |1395 1342 516 | 1000 1121 1080 1058 302

#ndeterminate.




7

i

FOR TWO-PHASE RUNS

units
Test fluid
Pressure fInlet subcooling,
drop, ATsc,
APy, K
kN/m2
32 4
33 0
57 21
39
54 27
52 40
40 0
58 3
39 0
46 22
34 43
101 0
39
57
45
40
33
92
81
68
101
28
14 82
17 70
18 72
17 68
19 68
16 63
19 62
17 66
15 68
16 53
18 43
19 60
17 58
17 60

Boiler computed values

Heating fluid Length, m Heat-transfer coefficient, Quality -
heat-transfer kW/(mz)(K)
rate, Effective, { Critical, Outlet, Critical,
Qg Lo Lcr Average overall, | Effective, X, Xeor
U, U,

KW a e
47.5 | ----- 17.9 | -------- 0.49 | --e----n-
48.1 | ----- 8.1 | -----=-- .48 | mmmeeeee-
66.8 0.381 12. 4 18.7 P A R et
48.4 | —m-ee | memmmeees 18.1 | ------e- S N R
61.0 368 | --------- 11.4 17.9 - N I
64.0 .394 | ----m---- 11.0 18.4 .53 | ---emmee-
49.5 | --eme | memmmme-- 18.8 | -------- R R
65.7 394 | -----ene- 13.6 18.4 N
49.0 | ---=- | ---m=---- 18.3 | -------- B ¥ N
47.8 585 | --------- 8.2 15.1 R A B
32.5 .622 | --------- 5.7 12.0 X B R
88.5 | ----- 1.09 - 1.14 15.1 15.5+0.4 | .64 0.62+0.01
46.9 | mm--- | mmmmoeee- 18.6 | -------- .33
62.5 | —eeme | mmemeeeee 1.2 [ .44
51,9 | mmeme | mmememee- 17.1 .36
46.6 | --=-= | --------- 18.3 .33
44,8 | mmmem | emmmm-ee- 17.17 .31
86.1 | memee | mmmmemee- 16.2 | -eeemee- 1 T [P
78.5 | =mm-= | e 16.4 | -------- .54
71.2 | emeee | mmmmeeees 15.7 | -------- .49
88.5x1.2 | ----- 1.12 15.30. 4 15.340.4 | .59+0.01| .58+0.01
32.5 | emem= | emmmeoee- 18.5 | -------- 20 | eemeeeee-
33.4 .432 | -------—- 7.4 18.3 0.79  |---------
44.0 508 1.14 8.5 19.4 .92 88
44.6 R 8.7 20.3 I B R
43.1 . 546 1.18 8.4 19.4 .88 89
41.9 BT1 | mmmmeeees 8.4 19.5 .84
43.1 N R B et 8.8 19.6 .86
41.9 R e 8.5 19.9 .82 |---e-e---
43.7 .546 | --------- 8.6 20.2 .85
41.0 . 610 1.17 7.7 19.8 .80 .79
39.0 673 14 7.9 20.1 .76 .71
43.4 .835 | --rmmeee- 8.5 20.1 84 | --memmee-
44.5 .622 | --e-m---- 7.8 19.2 I T e
38.4 . 610 1.14 7.6 19.2 .13 .72
40.7 .660 | --------- 7.1 19.5 R & T e
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TABLE I. - Continued. DATA

(b) Continued. SI

Run Boiler measurements Condenser measurements
Flow rate, Pressure, Temperature, K Coolant Shell temperature, Qutlet
g/sec kN/m2 abs Co - K -
——— Test fluid Heating fluid | Flow | Inlet - Tem- | Pres-
Heating | Test Test fluid © " "Tjrate, | tem- |At15,2-cm|At30.5-cm| pera- | sure,
fluid, fluid, Inlet, | Outlet, | Inlet, [ Outlet, WC, per- station, station, ture, Pc r
W, W, I;“et’ O;”‘f" Tyr | Tew | Ts,x | Ts,1 o/sec | Btre, | T Tos |Terr|
1]t Te,1,v K 2
K m" abs
BN R BN A SR R | B ]
192 641 14.5 30412 |290+2 |1243:1]1283+1 (1363 1320 312 99711 | 1134 1091+1 1075:1{ 300
287 626 18.0 314+1|296+4 [1043+1 128642 |1399 1341 683 |1015 113147 1080x1 10551 | 312
191 643 18.3 30510 | 2873 [1263+1]1282+2 {13612 1320 314 989 1134+2 1088+1 10701 | 300
290 644 18.930.4 13231 [294+11 | 1299+1 | 128645 | 1399 1330 915 1019 115045 10941 1061 303
288 635 18.1 319129443 [1279+1 (128542 |1399 13382 | 672 110241 { 1172 1108+1 1078 311
286 622 19.5+0.9 | 32241129319 {1299+1|1285+4 [1399 13301 679 |[101t 1179413 110543 1069 302
163 649 20.040.3 ]1312+1292+8 129441 }128414 |1372 13117 451 998 115614 1101+1 10648 ) 304
190 638 20.3 30810 (28916 [1292x1 128343 {1362 1313 318 985 1163+4 1103 1080+1 | 300
343 645 20.60.6 [ 319+2 (29548 [1297+1 128614 [1384 13221 693 [1010+2 | 11572 1091 1061 -
170 639 20.840.6 [ 332+4 (29349 (130312 |1285+4 |1440+1| 13652 | 667 |1010 12727 112516 10791 | 302
167 636 20.9+0.5 [ 329+3 [295+10 {13011 | 128615 (1414 1339+1| 677 1012 1247+3 111813 1077 300
168 639 20.9+0.5 ] 330£3 295410 11302+1 | 128645 [1420 1343:2 ( 639 |1010 1281+1 1129+1 1079+1| 304
165 640 20.910.3 | 320x1 |293+8 (12971 [1285+4 [1388 1325+2| 611 |1013x1 | 118047 1106 1070x1| 305
188 641 20.910.5 [ 3140 (29047 [1295:1 (128343 {1383 1323 605 9931 | 114143 108412 1054 300
169 644 21.0+0.6 [ 333+4 (29319 | 130322 |1285+4 |1430 1354+2{ 651 {1011 1278+1 113447 10803 | 304
164 641 21.2 315£1(292+8 |1296x1]1284+4 |1380 1322+1| 555 [1005%2 | 1161 1103 10692 | 303
166 635 21.50.5 {3242 129419 |1299+1 128614 |1401 13321 667 1010 119212 11114 10731 305

158 644 24.340.8}334+2{293+10 {13032 | 128515 |1424 1344 812 [1018x1 | 1244:25 113043 |1078 302

33923 129510 | 13051 | 128615 |1430 1347 811 {1015+2 | 1266x14 113242 [1080:1] 305

159 645 24.740.8

342 636 24.810.3 [ 322+1 (29248 [129811 (128414 {1384 1321 774 [1015 114949 1095 1063 -
161 641 25.0+1.4 | 34613 1294410 1130812 [ 128614 [1449 136221 879 {1015 126847 112743 {1077 305
160 644 25.0+1.0 | 34942 { 300+10 {13101 | 128815 (1439 135141 816 |1027+12| 1282 1137 1080 308
162 640 25.1+2.0 | 34648 |292+10 [1308+3 | 12844 (1460 1375 875 |1017 1215210 113317 {1078 302
344 639 25.220.3 (3211 (2928 |1298+1 (12844 (1383 1321 679 |[1014 116818 1102 1068 -~
156 640 25.240.5 [ 32310 [292+8 [1299x1 128414 [1395 1327 588 (1010z1 | 1271 1125 10811 | 302
157 640 25.240.6 | 327+4[292+10 [ 130142 | 1284+4 {1405 1333 742 11014 1209+43 11154 (1075 302
155 644 25.2+0.3 | 32140 | 29318 11298x1 128423 11381 1322 590 | 1007 117747 11062 1071 302
189 641 25.7 31210 | 29046 |1294+1|128413 {1363 1313 387 973 115646 1084 1057 300
187 640 26.0£0.3 | 31810 (2906 {1295+1 | 128343 (1384 1322 605 |[1000 1151 1094 1064 302
253 629 26.7+0.1 [321+1[282+7 129810 | 128043 [1398 1325 619 988 1256 1113 1062 291
341 640 27.1£0.6 | 334£1 29349 |1304+1]1285+4 |1413 13371 929 ]1018 1193113 11141 ]1069 306
352 626 31.8 30121 | 27147 |1289x1 | 127443 [1363 1307 707 11009 1134 1091 1058 282
220 629 38.0 340:1]282+8 |1306+1 | 12804 |1419 133511 541 983 1275 11421 [1089 293
221 625 38.4 3401|2847 |1307x1 128014 {1418 1334 546 984 12772 1139 1089 294
219 626 38.4 34042 1286+9 §1306x1 |1281x4 }1418 1333 521 984 1215 1142+3  [1091:1| 294
224 624 39.0 338112809 130521 |1279+4 {1418 1331 602 986 12702 11354 [1086 290 J

®Indeterminate.
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FOR TWO-PHASE RUNS

units

Test fluid

Pressure
drop,
APy,

kN/m2

14
19
18
29
26
29

20
19
24
39
34
34

27
23
40
23
30
41

43
29
52
49
54
28

31
35
28
22
28
39

41
30
58
56
55
58

Inlet subcooling,

sc’
K

47
252
28

18

Heating fluid
heat-transfer
rate,

Qg
kW

32.
42.
33.
51.
48.
51.

(=R R ]

43.4
38.4
47.2
56.0+2.5
58.0
59.5

48.1
47.5
59.0+2.5
46.9
51.320.9
65.0

66.
49.
70.
70.
68.
48.

-0 O W O N

53.
56.
417.
38.
417.
56.

W -1 N0 O

59.
41.
66.
64.
64.
66.

[T - - - T = B

Boiler computed values

Length, m
Effective, Critical,
le lcr
0.470 | —--ermemmm-
660 | —--mmeomean
0538 | e
432 1.12 - 1. 14

Heat-transfer coefficient,
KW /(m?)(K)

Quality -

Average overall,

10.
15.
12.
15.

17.
17.
17.
10.
15.
14.

16.
17.
13.
117.
15.
16.

16.
18.
14.
16.
12.
18.

117.
1.
1.
18.
17.
18.

11.
18.
18.
18.
18.

Uy

W N -1 W =]

L - S B

W QO O

Effective,

Ve

Qutlet,

X

Critical,

XCI‘

.58
.54
.47
.72
.67
.70

.57
.50
.61
.710.04
.74
.76

.61
.60
.75+0.03
.59
. 6410, 01
L1

.72
.53
.75
.75
.72
.51

. 56
.60
.50
.40
.49
.56

.58
.34
.46
.45
.45
.45
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88

Run Boiler measurements
Flow rate, Pressure, Temperature, K
g/sec l«LN/m2 abs - .
Test fluid Heating fluid
Heating | Test Test fluid 1
fluid, fluid, Inlet, | OQutlet, | Inlet, |Outlet,
W W, I;let, 0;tlet, Tt,I Tt,II Tt,I Tt,H
t, I t,o
222 621 39.2 340+1|284+9 | 13061 |1280+4 | 1419 1334
250 622 39.4 342+1|282+8 | 1307+1 |1280+4 | 1419 1335
223 627 40.0 3371 (28449 | 1305+1 128044 | 1418+1[1335+1
225 627 40.0 33611 |282+8 | 13041 |1280+4 | 1419 |1334
226 627 42.1 336+1|282+8 | 13041 |1280+4 | 1418 |1336
227 627 44.0+1.0336+1|282+8 | 1304+1 [1280+4 | 1418 [1336
228 622 45.2x1.6]333x1 |282+8 | 1303x1 [1280+4 | 1418+1{1337x2
229 625 47.042,5|316x6 |274+£21 | 128221 |1275+10] 1417 {13591
231 627 47.0+2.5| 31616 |277+23 | 124310 { 127612 1419 [1362+1
340 643 47.0 352+1(295+10 | 1311+1 1128645 | 1413 {1337
289 625 47.2 345x1 {29448 | 1308+l {12863 | 1397 {1328
230 625 47.5+2. 13166 [274£17 | 1257T+1 {1276+9 | 1418 [1362
218 634 11.240.5|358+0 {3409 |[1177+1 |1306z4 [ 1411 |1360
217 638 12.710.6 | 3600 |342+10 | 1208+1 |1308+3 | 1411 |1354
215 630 16.5 37040 (3425 |1277+1 [1307+2 | 1440 [1370zx1
214 633 16.940.9|370+3 |345+12 | 131842 |1309+4 | 1440411375
212 629 17.5+1.5|375+3 |350+14 | 1320+2 |1311+6 | 1435 |1365
213 643 17.6£1.1 37745 |347+16 [1321+2 |13106 | 1435 |1366
210 636 18.1+1.1|375+1 (34614 | 13201 {13105 | 1427 |1360<1
211 633 18.440.6 | 3775 |347+16 | 13212 |1310+6 | 1427 |1359x1
209 636 19.0+0.6 | 368+2 |345+11 (131841 13084 | 1413 1348
216 630 20. 3+0. 4 [ 36512 [342+10 | 1316+1 |1308+3 | 1398 1341
204 635 25.2+1.3 (3942 |347+11 {13271 [1310+4 | 1473 13872
208 640 25.240. 4 |391+4 [347+12 [ 132642 (130945 | 1451 |1367
200 633 [25.310.4)381:0 |349+8 |1323+1 |1310+3 | 1419 |1352
203 627 25.621.1[393+3 |348x12 | 132741 {13105 1461 [1374
205 635 [25.6+1.1 39418 {350£10 132743 |1311:4 | 1466 |1380
201 627 [25.7+0.5 {3860 {350+10 | 132541 j1311x4 | 1437131357
202 631 25.7J:[1J:‘é 39043 |349+12 13261 |1310+5 |1451 (1366
207 640 5.740.9[392+1 [352+12 |1327x1 (131124 | 1450 1368
199 635 6.0 37340 |351+6 |1320+1 |1311+3 | 1400 {1342
195 638 37.0 383+0 |353+7 |[1324#1 |1312+3 {1400 (1343
196 635 37.8 395+0 |355+8 (13281 |1312x3 | 1423 [1352
198 631 138.340.3 (41040 |354+9 [1333+1 |131244 | 145541 [1367x1
197 631 38. 4 40310 [357+9 |1331x1 [1313:4 [1439 [1359
338 629 18.9 4921 4704 l;@JlSSS&I 1456 (1395 |
2ndeterminate.

TABLE I. - Continued. DATA

(b) Continued. SI

Condenser measurements

Coolant Shell temperature, Qutlet
’ |~ K
Flow | Inlet Tem-| Pres-
rate, | tem- {At15.2-cm{At30.5-cm| pera-| sure,
Wc, per- station, station, ture, Pc, g
g/sec ature, Tc, s Tc, s Tc, | kN
Te,1,p K | m2 s
K
| |

537 984 127412 1137 10817 294
649 989 1274 1127+3 | 1075 291
537 | 986x1 | 127442 1138+2 |1086+2{ 294
580 | 985 12731 11342 |1080 291
575 988 127442 1138+1 |[1078 292
601 | 988 1270 1132 1076 292
606 | 988:1 | 1266x7 113216 |1077+3| 294
601 9842 | 1158412 10902 [1051+2f 279
583 987 114449 1082+2 [1050:1] 282
941 [1017 1230+13 1124 1073 306
909 (1015 120812 1113 1068 302
594 985 1149416 1083+2 |1050 279
321 985 11477 1093 10731 350
322 9751 | 116312 1095+2 110762 351
512 |[1005 1223125 1123+3 [1086+1| 353
747 1010 113512 1087+1 {1060 355
756 [1011 1149 1095 1067 357
748 {1012 11452 1095 1066 355
755 [1012 1156 1092+3 (1064 357
759 {1011 115145 10972 |1065 355
743 1012 1142 1091 1061 355
428 993 1161+11 1099 1073+1| 347
765 (1015 129414 1137+2 |1082+2| 359
747 1014 128519 1139+1 1084 353
524 11007 122147 11262 [1086+1| 359
771 {1014 1284111 1141+2 |[1085 359
756 1015 1295 11431 1084 355
571 [1009 1290+3 1138+1 |1093+2| 359
761 [1017 127145 113813 [1082 359
750 {1017 1285 1142 1085 359
528 (1000 1165110 1102 1069 -—-
590 (1017 11732 111842 [1081 -—-
621 (1017 1229115 1135+1 1092 =
819 (1016 129912 1150+2 1087 ---
712 (1017 129219 114611 (1092 -—-
AQ’LO_JLOIQ 114842 1097 1071 475



FOR TWO-PHASE RUNS

units

Test fluid

Pressure
drop,
APt,

kN/m2

56
61
54
54
54
53

52
43
40
57
50
42

18
19
28
26
25
29

29
29
23
23
46
44

32
45
44
36
41
41

22
30
39
57
47

23

Inlet subcooling,

ATSC'

K

o

108
42

Heating fluid
heat-transfer
rate,

Q
K

64.8
65.0
64.8
66.0
64.8
64.0

60.1:4. 4
45.5+1.5
40.7+2.86
59.8
52.8
42.242.3

40.7
45.5
57.7
51.0
54.5
54.8

54.8
53.6
50.1
45.5
69.5
69.5

53.3
71.341.5
71.8
59.5
65.0
68.9

46.3
44.5
56.0
72.1
63.6
47.2

Boiler computed values

Length, m

Effective,

Ze

0.648 - 0.711
.673 - 0.914

Critical,

Heat-transfer coefficient,

KW /(m?)(K)

l Average overall,

cr

0.775 - 0.825
1.02
1.08

. 965

18.
18.
18.
18.
18.
117.

16.

o

15.
15.
16.
18.
13.
17.

117.
186.
15.
117.
16.
17.

18.
19.
19.
19.
19.
10.

Ua Ue

N~ O ®

1£1.7 16.4+1.6
.940. 4 15.2x1.0
.510.5 17.6+2.3
18.
19.

1:+0.5 16.4

LIS N - A S

020.6 17.60.7

o =R )

D W = O W WD

Effective,

ISJ=JNKS TS R G
—
2
'S
H
o
o

Quality

Qutlet,

%o

Critical,

XCI‘

.44
.44
.43
.44
.41
.39

.35+0.03
.2410.01
.2040.02
.34
.30
.2210.01

.91
.93
.92
.81
.83
.83

.80
.78
.70
.60
.74
.74

.56
.7410.02
.15
. 62
.71
.72

.48
.32
.40
.51
.44
.65

.5740. 02

89
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TABLE I. - Concluded. DATA

(b) Concluded. S.L

|

Run Boiler measurements Condenser measurements
Flow rate, Pressure, Temperature, K Coolant Shell temperature, Qutlet
g/sec kN/m2 abs K
Test fluid Heating fluid | Flow | Inlet Tem- | Pres-
Heating Test Test fluid rate, | tem- |At15.2-cm |At30.5-cm | pera- sure,
fluid, fluid, Inlet, [OQutlet, { Inlet, | Qutlet, WC, per- station, station, ture, PC r
W, W, I;“’t’ C;‘:“et’ Tor | Tom [Ts,1) Ts,n o/sec | 3tuTe, | T g Te s Te 1o e
LI LI Te,1,1 K 2
’ m“ abs
K
337 649 18.9 495+1 | 47144 [1304+1|1355+1 | 1464 | 1401 664 1010 11571 1095 1064 476
339 633 19.2 4911 (46945 |1307+1|1354+2 | 1446 | 1391 663 1014 113722 1089 1064 471
336 640 24.6+0.4 (5001 [471+12 (1364+1 (135514 | 1464 | 1393 786 1017 11674 1107 1074 -—-
334 641 24.60.9 149741 147212 | 136341 [ 13554 | 1450 | 1390 704 1013 11591 10971 1067 —--
335 643 25.0 492+1 (473+3 |1335x1 135541 | 1450 | 1396 534 1003 1174+13 1096 1068 ---
332 643 25.210.3 {49741 (47747 [1363+0]1357+2 | 1441 | 1384 752 1010 1133£2 1086 1060 -—-
333 641 25.440.5 [ 4951 47646 [1362+1 135642 | 1442 | 1385 630 1011 11704 1097 1068 -
331 631 36.9+0.3 [ 497+1 |478+8 [1363+1|1357+3 1 1427 | 1376 738 1018 11434 1094 1064 ---
329 631 37.2 5011 |1472+10 |1365+1 1135543 | 1447 | 1383 748 1013 1180 1109 10712 -—-
330 641 37.3+0.4 {482+1 |465+19 | 135841 [ 135326 | 1371 | 1355 376 972 1071 1038 10191 ---
328 635 37.4 49841 147445 |[1363+1 |1356+2 | 1441 | 1381 718 1013 117845 1104 1071 -—-
3217 636 37.4 45541 {422+10 [1349+1 | 133913 | 1434 | 1369 709 1014 11836 1116x1 1074 -—-
2mdeterminate.



FOR TWO-PHASE RUNS

units
Boiler computed values )
Test fluid Heating fluid Length, m Heat-transfer coefficient, Quality
— -~ 1heat-transfer| - KW /(m?)(K)
Pressure| Inlet subcooling, rate Effective,| Critical, | _ Qutlet, [Critical,
’ .
drop, ATSC, Qg [ lcr Average overall, | Effective, X0 Xcr
AP, U, U,
t 2 K kW a €
kN/m

L.
24 58 51.9 0.432 -—- 10.6 19.5 0.72 ---
22 54 42.7 .331 -——- 10.0 19.7 .58 ---
28 0 56.3 | ---—-—- - 18.1 e .62 -—-
25 0 49.8 | ----- - 19.0 ———- .55 ---
19 27 41.3 .508 -—- 10.9 20.4 .44 -—-
20 0 44.2 | ----- -—- 18.6 ———— .47 -—-
19 44.5 - 18.7 ———- .47 -—
19 36.9 - 20.3 -——- .27 -
29 49.2 == 20.1 ———- .36 -
17 [ O --- (a) -—-- .08 ---
25 45.2 f ----- -—- 20.0 - .33 ---
32 50.1 | ----- -—- 19.8 ———— .36 -—-

91




26

RUN
85

82

115

83

g4

14

113

112

114

50

49

13

46

712

44

111

108

SERIES
4CC
3cce

4CC
3CC

4QC
30C

4GC
3CC

40C
30¢

40C
3¢C

4CC
3GC

40C
30C

4CC
30¢C

4CC
3CC

4GC
3CC

40C
30C

40C
30C

40C
36C

4GC
30¢

40C
30C

4GC
30C

3.5

1620

19438

1926

1857

1862

18CS

19170

16¢6

1SE5

1580

AE 5

1918

1533

1924

1937

1946

192%

leye

1891

19C3

1967

1967

1929

1965

1929

1966

1986

1980

4645

191&

1631

1924

1937

1894

1891

1904

1968

1566

1927

1366

1927

1964

1982

1977

44.9

1921

1733

132¢

1932

1242

1919

1891

1991

1901

1961
1967

1960
1969

17158
1324

1359
1967

1919
1927

1955
196¢

1983

1976

43
1919
19z2

1636
1931

1922
1925

1925
1927

1934
1931

1910
19C5

lees4
leus

1882
1689

1895
1896

1964
1968

13¢5
1968

1916
1915

19¢62
1564

1916
1920

1962
1959

1978
1979

1971
1975

41

191¢

1919

1924
1927

1924
1926

1919
1722

1926
1928

19CC
1902

1817
1864

188C
187

1893
1892

1959
196¢

19¢3
1966

191¢
1916

1959
1965

1914
1918

19546
1957

1973
197¢

1965
1873

35
191¢
1613

1913
ta1s

1519
1625

1s1¢C
16C9

1912
1914

1385
1891

1871
187¢

1874
igez

igev
18&4

1956
19¢4

1561
19¢3

1sc2
19¢9

1553
19¢cC

i9ce
1912

1949
1947

19¢4
19¢8

1958
19¢y

TABLE II. - BOILER SHELL SURFACE TEMPERATURES

(a) U.S. customary units

NDISTANCE FROM CENTER-LINE CF SHELL CLTLFT,INCHES

27

1510

1510

1623

1503

1511

leg3

1€75

1eet

1e€s

19¢3

1962

16C4

19€0

1907

1541

16¢4

1g¢6

2e

23

31

TEMFERATURES

1607
16C¢

16Ca
15¢C¢

1921
1524

1€67
16C1

1502
15C¢

1e€C
182

leee
le71

1E€S
ie7¢

187
1678

1553
1655

1556
16¢C

1892
16C1

164¢
1565

16Cz
16C¢

164C
-C

1557
1559

1646
15632

1898
1501

1900
1903

1923
1925

1893
1897

leqg
1902

1674
1876

1862
1866

1866
1871

1879
1877

1947
1957

1957
1957

1889
1896

1946
1952

1899
1904

1534
1936

1952
1655

1943
1959

-C
1£93

-0
1895

1923
1924

1850
1890

1893
1894

1871
1872

1860
1864

1862
1871

1877
1875

1542
1953

-0
1953

1887
1891

194¢C
1847

1856
19¢co

-0
1932

1947
1950

1943
1953

29

27

25

23

CFGREES FAFRENFEIT

188¢C
1883

1867
1886

-0
1918

1e72
1881

1886
1828

1865
1866

1858
1861

1861
1864

187¢C
1871

1938
1939

1950
1945

1881
1883

1936
1939

1890
1891

1926
1924

1946
1842

1931
1546

1876
1£83

1876
1285

1921
1921

1872
1€8C

1886
1£84

1858
1865

1851
1856

-C
1857

-C
1863

1932
154C

1642
1640

1875
1881

1928
1937

1e8l
1886

192¢
1921

1632
1636

1924
1544

1865
1E7¢C

1374
1873

1903
1907

1861
186¢

1872
1872

185¢C
1851

184¢
1844

184¢
1851

185¢
185¢

1924
1927

193¢
193¢

1865
187¢C

190C
1921

1879
1873

1911
190¢

1922
1924

1904
192¢

1865
1873

18617
1873

1508
1913

1864
1869

-C
1873

184¢
1854

1843
1849

1842
1853

185¢
186¢C

1919
1929

1926
1932

1864
1873

1912
1623

1874
1877

1908
191¢

1921
1927

191¢C
1926

21

1860

1868

1846

184¢

1852

1925

1925

18¢6

1914

1873

1905

1916

1919

19
-0
1860

1855
L1864

-0
1908

1451
1861

1855
1864

1838
1844

1838
1842

1837
1844

1843
1851

1904
1921

~-C
1921

1854
1862

-0
1914

1864
1871

1897
19C0

19C9
1916

1897
1916

17

184¢
1842

1835
1839

-
1€40

1845
1€48

15C4
1913

1613
1914

1885
1856

18C2
16C5

18¢€2
18€3

1895
1895

19C9
1910

189¢
1909

1849
1857

1854
1860

1894
1897

1853
1856

1855
1860

1835
1842

1832
1837

1834
1837

1842
1846

1903
1909

1909
1910

1853
1855

1898
1904

1857
1859

1891
1893

1903
1906

1895
1906

i3

1843

1855

1859
1853

1684
1891

1845
1852

1846
1897

1825
1839

1821
-C

1822
1833

1835
184¢C

1889
1903

186¢
1904

1843
1850

1883
1894

1848
1856

1881
1887

1894
1899

1883
1859

11
1843
1854

1846
1857

1€81
18¢9

1846
1853

1850
1858

1829
1838

1824
1829

1822
1832

1833
1€39

1888
19¢1

1866
1503

1842
1848

leg4
1893

1850
1850

1880
1885

1890
1836

1880
1896

1850
1€54

1852
1857

1878
1€84

1€50
1854

1853
1858

1836
1839

1822
1831

1823
1€31

1831
1841

1885
1898

1895
1898

1839
1847

1€82
1888

ie48
-0

1879
1881

1890
1897

1879
1891

1850
1854

1851
1858

1874
1880

1851
1854

1850
1859

1833
1839

1819
1826

1822
1827

1830
1834

1881
1893

1890
1894

1835
1845

1878
1886

1844
1851

1872
1879

1886
18¢e8

1874
1889

1841
1851

1843
1854

1856
1868

1841
1851

1847
1855

1824
183§

-c
1818

1808
182¢

1818
1828

1869
1878

1877
1884

1825
1835

1864
1873

1828
1838

1861
1868

1869
1879

1862

1874

2.5
1E45
1€48

1848
1€48

1854
1856

1€45
1£49

1850
1€51

1828
135

1810
1813

l18c6
1813

1817
1821

1872
1E70

1868
1870

1€31
1€31

1€61
1€€2

1827
1831

1859
les6l

1€71
1873

1862
18£S

1846
1849

1849
1849

1844
1845

1847
1847

1848
1851

1826
1823

1ecz
18¢C8

18Ce
18c9

1815
1814

1859
18¢€6

18¢2
18¢9

1825
1822

1854
1859

1823
1825

1851
1854

1862
1863

1851
18&C

-C.t
18432
1844

1846
1849

1842
1843

1844
1842

1846
1845

183C
1831

18C5
1805

1803
180¢

1811
1812

1857
1863

1860
1864

1821
1822

1852
1856

1822
1822

1847
1849

1858
185

1851
1857



e

71

107

106

110

109

33

21

10

41

32

62

60

61

24

69

68

59

58

104

€6

400
30C

40C
30¢C

40C
300

40C
36C

40C
30C

400
3¢C

40C
30C

4CC
30C

40C
30¢

40C
30¢C

4CC
30C

4CC
30¢C

4CC
3CC

40C
30¢

40C
30¢C

40C
306C

40C
30C

4CC
30¢C

4CC
30C

40C
30C

40C
30C

4GCC
30C

4CC
30¢C

1925

19¢5

1907

1978

1587

19¢6

1938

1929

1970

1966

19¢6

19¢6

2CE6

19563

20¢5

2076

19¢4

1925

1884

205¢

2C45

2083

2043

1926

1965

1905

1976

1986

1964

1934

1926

1969

1965

1964

1963

2084

1960

2063

2072

1962

1925

1882

2G52

2041

2080

2039

1924

1963

1904

1975

1685

1963

1934

1925

1969

1964

1965

1963

¢C32

1960

2063

2072

1962

1925

1832

2053

2C41

20:0

3y

1913
1921

1956

1900

1970

1374

1954
1761

193¢
1935

1315
1921

1354
1961

195¢C
1955

1955
1961

1353
1959

2074
2082

1947
1354

2053
2060

206¢
2070

1345
1357

1913
1919

1873
1379

2043
2051

203¢C
2037
2079

2125
2032

1912
1915

1950
1850

1893
1892

1961
1960

1963
1959

1951
1950

1925
1924

1908
1908

1950
1944

1345
1638

1952
1948

1948
1946

2078
2061

1943
1938

2C€5
2053

2065
2C€6

1953
1947

1908
1908

1267
1868

2C44
2044

2024
2026

2072
2075

2022
2024

1905
1914

1944
1947

1888
1888

1954
1959

1953
1954

1946
1947

1922
1923

1902
1897

163¢
1942

1934
1937

1943
1944

1340
1341

2078
2081

1934
1336

2052
2054

2064
2068

1944
1945

1902
1903

18¢7
1867

2039
2044

2017
202¢

2067
2074

2012
201¢

1867
19C5

19237
1938

1879
1881

1943
1948

1941
194C

193¢
1935

1917
i91e

186¢
1899

1928
1913C

1922
1923

1937
1936

1932
1933

2072
2075

1922
1624

2¢123
2044

2058
2C€61

1929
1937

1892
1893

185¢
18¢2

2025
2C2¢

2CC8
2C13

zCel
2Cke

2cey
2clc

1sC1

1633

1879

1546

1514

1€93

1923

1619

1634

1631

2C72

1521

2040

2058

1635

1891

1857

2(C7

2C€3

2C€CH

1862
1839

1531
1632

1872
187¢

163¢
1543

192¢
1626

1928
192¢

1511
16CE

1885
1ese

161¢
1619

1514
1515

192¢
162¢

1925
192¢

207C
2C72

151¢C
1613

2C3¢
2031

2C52
2052

1632
152¢

l1ees
1eer

1852
1€54

2C1¢
2C€27

1657
2€C2

2Ce2
2Cs¢E

1692
2CCt

1€87
1893

1925
1928

1870
1873

1929
193¢

1919
1925

1925
1925

1908
1907

1881
187

1509
1923

1905
1908

1922
1925

1519
1921

2066
2071

1308
1911

2c271
2029

2046
2C41

1926
1927

1878
1€80

1€48
1851

2C07
zC21

159¢
1697

2048
2053

-0
1696

1884
1889

1923
1922

1868
1868

1926
1932

1919
1919

1921
1919

1966
1904

1876
1881

1904
1906

18C1
1903

1918
1922

1915
1917

20¢€2
2063

1903
1905

2021
2020

2C40
2041

1923
1921

1875
1875

1848
1848

2CCa
2Clé

19€2
1987

204C
2C47

1582
1991

1881
1885

19¢0
1915

1863
1861

1923
1930

1908
1911

1917
1911

-0
1897

1871
1874

19¢Q
1303

1883
1899

1913
1915

1910
1911

2054
2055

1892
19C€0

2016
2C12

2032
2034

1923
1918

1€71
1872

1€41
1846

1996
20C3

1978
1981

2034
2038

1976
1983

1873
1280

1sC7
1911

1885
1860

1614
1625

1858
19Cé

15C9
1508

1896
1856

1866
1873

1864
1898

185
18%4

15C1
1911

19C5
1308

2Ca4
2051

1881
1865

2CC4
zCce

z2cel
Zc27

1518
1614

1868
1869

1£28
1841

15¢e8
Zccl

-C
167

2025
2032

19¢8
1677

1864
1867

1898
190¢C

185¢
185G

1907
191¢C

1888
1892

1904
189¢

1888
1884

1861
185%

1884
1884

1883
1879

1902
1899

-C
1895

2031
2034

1884
1882

1995
199¢C

2C09
2C1C

1909
190¢

1857
1855

1826
1832

1977
1984

1961
19¢cC

2C15
2C17

1957
1963

1864
1871

1895
1902

1855
185C

1904
1914

1884
1894

1895
-C

1881
1683

-C
1861

1882
1887

188C
1883

1894
1901

1893
1895

2628
2035

1876
1886

1991
1692

2005
2011

1916
1911

1854
1858

1826
1835

1973
19813

1953
1965

20017
2016

1957
1968

1865

1896

1844

1906

1887

1895

leel

1857

1878

1878

1893

1891

2026

1880

1985

2C04

1910

1853

1830

1978

1957

2¢08

1961

1857
1860

1885
1893

-0
1844

1893
1303

-0
1883

1887
1892

1873
1880

1847
1854

1872
lesl

1882
1875

1883
1891

1882
1e88

2012
2022

1872
1880

1975
1979

1986
1997

-0
1910

1848
1850

1818
1832

1952
1972

1938
1952

-0
2G05

1950
1964

1854
1857

1883
leev

1838
1839

=Y
1899

1€74
1878

1887
1887

1873
1874

1844
1849

1876
187¢

1871
1874

1885
1890

1e82
1884

2ca7
2011

187¢C
1873

1972
1971

1985
1987

19¢Ce
1912

1845
1848

182¢
1826

1957
1964

1640
1947

1992
1568

-0
1958

1850
1854

1879
1887

1835
1838

1888
1896

1874
1876

1884
1884

1871
1870

1843
1849

1873
1874

1871
1873

1881
1887

1879
1880

1699
2005

1871
1872

1966
1968

1980
1985

1905
1915

1842
1845

1822
1826

1954
196C

1937
1944

1987
1992

1949
196C

1839
1847

1870
1882

1827
1834

1874
1889

1864
1871

1872
1880

1858
1866

1834
1841

1862
1874

1860
18¢&9

1867
1878

1866
1874

1987
2001

1859
1872

1952
1862

19¢4
1977

1858
1907

1831
1838

1814
1822

1939
1954

1922
1936

1969
1984

1942
19¢4

1840
1846

1868
1877

1823
1831

1877
1885

1868
1877

1874
1877

1€59
1863

1829
1839

1865
1870

1865
1871

1868
1876

1866
1872

1986
1992

1€64
1872

1954
1655

1664
1672

1503
1913

1831
1838

1815
1820

1939
1650

1622
1932

1971
1982

1944
1656

1839
1845

1867
1875

1825
1831

1875
1884

1872
1876

1872
1873

1858
1861

1£33
1840

1869
1875

1869
1872

1869
1876

1867
1870

1977
1988

1€69
1872

1648
1955

1659
1969

1908
1611

1831
1839

1815
1822

1935
1546

1617
1630

1967
1677

1548
1557

1834
1841

18¢4
1873

1828
1829

1869
1878

1871
1878

1868
1872

1854
18¢€0

1831
1836

1870
1875

1865
1872

-0
1871

1863
1868

1971
1983

1865
1873

1842
1950

1653
19¢€5

1904
1913

1827
1834

1813
1817

1927
1943

1916
1925

19¢1
1973

1947
1955

1826
-

1854
1862

181l
1823

1860
1868

1861
1873

1863
1857

1841
1848

182¢
1827

1864
1869

1864
1867

185C
186¢C

1853
1858

1956
1964

1861
187¢C

1628
1934

1938
194¢

1896
1904

1819
1827

1806
1813

1615
1624

15C4
1911

164¢
165¢

1939
165¢C

1€24
1828

1856
1856

1814
1816

1861
1862

1868
1873

1€53
1€53

1838
1€41

1822
1823

1863
1868

1862
1864

1851
-0

1851
1849

1554
1554

1860
1863

1625
1526

1639
1639

1895
1896

1€19
1£20

18¢s
1809

1917
1516

1505
1508

1645
1647

1636
1937

1819
1822

1848
18417

1810
1814

1849
1855

18¢8
1872

1848
1848

1834
1827

1816
1820

1863
18¢€4

18¢1
1863

1843
1849

1847
1847

1928
1943

18€3
18¢¢6

1912
1917

1923
1920

1861
1897

1816
1818

1759
l1ec4

19C6
1911

1894
1856

1923
1940

1937
1942

1818
1821

184%
184%

1808
181¢C

1853
1856

1865
1868

1844
1845

1831
183£

1814
1817

1862
1865

186C
1862

1841
184%¢

1843
1845

1634
164C

185¢
1861

161¢
161¢

1921
1927

1885
1894

181¢
1818

1804
1806

1301
15G¢

1891
1897

183C
1635

1534
1639



¥6

RUN
63

66

103

105

25

102

78

65

56

57

19

52

51

101

39

55

31

SERIES
40C
30¢

40C
30¢C

4CC
30C

40C
30C

4GC
36¢C

4CC
30¢C

4CC
30C

4CC
3CC

4CC
30C

40C
30¢

40C
36GC

40C
30C

4CC
3¢C

40C
3cG¢C

40C
30C

4CC
30C

40C
3ccC

43.5

2026

1874

20€0

21c8

19¢4

2050

1928

1929

18¢73

2C21

19¢6

48.5

2023

1873

2057

2106

19é1

2046

1927

1938

2C06

203¢C

1939

1983

1966

2030

1946

1395

1863

4645

zC22

1873

2098

2106

19494

2046

1974

1934

zC06

2031

19139

1931

1967

z0130

1966

1975

1962

44,9
2012
2019
1862
1870

2055

2105
1948
195%

2040

1919

172¢&
1732

1364
2701

2919
2025

133¢
1934

1369
77

1356
1961
202¢

1352
1959

1984
1990

1352
1757

43
2011
20C5

18¢2
1860

2C49
2051

20969
2102

1949
1941

2030
2027

1909
19C2

1923
1922

1993
1986

2C13
2017

1926
1926

1965
1761

1351
1950

2016
2012

1948
1949

1g8¢C
1975

1949
1946

41
20C2
2CC1

1852
1857

2044
2048

2098
2102

1943
1940

2021
2022

i901
19C2

1919
191¢

19¢1
1982

2C1C
2013

191¢
1921

-0
1956

1943
1948

2¢0n
2CCs

1940
1945

1967
197C

194¢C
1342

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

39
1656
199¢

1844
1852

2038
2C 3¢

2CG4
21ce

192¢
1529

2C1¢C
2C11

1ee9
1892

18C7
lg9ce

167¢
1671

2CC3
2¢C1l

19¢Cs
191¢C

154¢
1947

1923
1638

1697
1667

1924
1534

1987
1589

1625
1923

(2) Continued. U.S. customary units

DISTANCE FROM CENTER-LINE CF SHELL CLTLET,INCHES

37

1684

1845

2022

21€C0

1924

20C7

1¢€8

15C4

19¢7

1667

15C8

1544

1535

1663

35

33

31

TEMFERATURES,

1685
167¢

l1e3g
1844

2C2%
2C217

2CS4
2C%¢

1631
1s2¢C

1667
2¢C1

leaz
1eec

19ccC
1295

1963
19¢2

1692
1663

1scC
16C4

163¢
1641

152¢
1536

15¢8¢
16¢¢

1522
162¢

1651
1654

192¢
192¢

1982
1975

1837
1839

2C19
2€23

-C
2097

1921
1917

-C
1696

1872
1873

1893
1895

1960
1958

1988
1987

1500
1901

1931
1934

1921
1926

1581
1983

1620
1922

1946
1948

1916
1922

1973
1970

1835
1836

2C14
2C15

2089
2CG62

1921
1912

19¢7
199¢C

1870
1878

1889
18¢8

1952
1952

1980
198¢

1896
1398

1928
193¢

1917
1923

1974
1978

1917
1917

1937
1641

1911
1917

29

27

25

23

DEGREES FAPRENFEIT

1366
1961

1830
1835

2007
-C

2084
2046

1917
1907

1982
1983

1867
1867

1884
1886

1947
1946

1976
197¢C

1289
1888

1922
1923

1511
1916

197¢C
1969

191¢C
19c9

1934
1933

1896
19C%

1957
1957

1827
1€31

1597
20C¢

2C74
2C17

1516
19C3

1674
19717

l18€2
1863

1879
1€82

1529
1541

1967
1967

-C
1e€8

1917
1921

16Ca
161¢

1661
1966

-C
iscs

1626
1532

1838
15C¢

195¢
194¢

1821
1822

198¢
1984

2061
2C62

1904
1895

1964
1963

-C
1853

1872
1871

1933
1927

1957
1954

le74
187¢

190¢
1903

189¢
189¢

1953
195C

1892
1894

1921
1915

1892
1892

1642
-C

-0
1823

1985
1988

2055
2062

1905
1895

1958
1963

184¢
1855

1864
1869

1927
1928

1646
1652

1874
1877

190¢C
191¢C

1892
1899

1947
1951

1891
1895

191¢
1918

18R9
1893

21

1942

1818

1980

2052

1898

1953

1849

1862

1923

194¢

1871

1901

1895

1946

1887

1910

1888

19
1933
1936

1820
1820

-0
1975

2040
2047

1896
1892

1946
1952

1842
1847

1850
1864

1911
1919

1935
1945

1863
1870

1892
1899

1883
1891

1927
1942

1884
1885

1901
1908

1878
1885

17
1631
1829

1814
1816

19¢8
1969

2035
2038

18569
l89¢

1944
1945

1841
1846

1857
1859

1913
1912

163¢
1938

18¢6
18¢€4

-0
-G

1881
leg?

-0
1937

1EEC
1880

1913
1964

1€87
1879

L5
1927
1928

1810
1815

1962
1965

2030
2028

1901
1894

1941
1339

1840
1845

-0
1859

1911
1909

1932
1932

1861
1865

1889
1893

1878
1884

1928
1932

1877
1877

1901
1903

1877
1877

13
1915
1924

18C3
1812

1951
1960

2011
2023

1892
1894

192¢
1935

1831
1840

1842
1850

1859
1903

1919
1925

1850
1859

1875
1886

18¢€6
1875

1916
1927

18¢4
1871

1890
1895

18¢7
1874

11
1915
1919

1802
1808

1851
1855

2011
2018

1897
1894

1628
1931

183¢
1840

1841
1852

1896
1901

1619
1923

1849
1855

1876
l€84

1268
1873

1916
1623

1864
1€71

1888
1891

1865
1871

1912
1616

1803
1810

1545
1652

2¢07
2013

1504
-0

1524
1629

1€39
1844

1841
1850

1896
1898

1614
1921

1849
1856

1877
1€82

1867
1873

1513
1931

1864
1868

1886
1€90

1863
1869

19C8
1914

'18€2

1808

1941
1649

1669
2C07

19€0
1898

1519
1924

1836
1845

1840
1847

1892
1894

16Ce
1917

1844
1852

1873
1880

18¢€3
1871

15C7
1918

1873
18¢5

18€1
1e€8

1859
18¢€7

4.1 .5
1889 1¢&86
1902 1£89

1794 1794
1802 1797

1923 1923
1634 1625

1684 1983
1590 1979

1854 1€94
1899 1&96

1606 1605
1905 15C9

1831 1832
1838 1E€34

1829 1830
184C 1830

1879 1€74
1886 1€78

1893 1895
1903 1893

183€ 1837
1843 1838

1862 1856
187C 1860

1853 1850
186C 1852

1893 1893
-C 1€94

1848 1845
1856 1€48

1871 1869
1881 1869

1849 1848
1859 1852

C.5 =C.5
1885 1878
189C 1¢€8€3

1792 1792
176¢ 1794

1912 1908
1917 1614

19€0 156C
1968 1965

1890 1889
1894 1893

1869 189¢
19€2 19CC

1828 183¢C
1834 1833

1825 1828
1831 1827

18€6 1866
1875 1869

1883 1880
1689 1887

1830 183C
1821 1€31

1852 1851
1858 1854

1840 1844
184G 1847

1885 1€84
1€€9 188%

1843 1841
1848 1843

1860 1859
1863 1863

1841 1841
1850 1845



d

G6

38

354

17

30

15

37

28

23

96

100

98

90

94

95

93

91

92

13

12

5

27

22

35

40C
30C

40C
36C

40C
30¢C

4GC
3CC

40C
30C

40C
30¢C

4CC
30¢

4GCC
30C

40C
30¢C

40C
30C

40C
30¢

40C
30C

400
3¢C

4CC
3cc

4GC
30C

4CC
30C

40C
36C

400
30¢C

40C
30C

40C
30c

4GC
30C

40C
30¢

40C
30¢

135¢6

1962

1547

19¢8

1953

19¢6

1965

16¢7

21¢C5

2154

2124

19¢£4

2070

2083

2¢al

1584

2012

1959

19¢1

1930

1966

1967

19¢6

1964

1989

1945

16¢5

1950

1964

1943

1966

2103

2150

2132

1963

2070

2081

2038

1981

20c9

1959

1958

1926

1963

1966

1962

1968

1969

1945

1966

1950

1962

1963

1964

2102

2150

2132

1962

2068

2080

2037

1979

2008

1954

1959

1925

1962

1964

1963

1950
1958
1982

1335
1940

1954
1957

1337
1344

1949
1959

135¢C
135¢

1354

1362

2093

2143

2123

1356

2061

2071

2028

1974

2000

1942
1948

1944
1353
1923

1951
1956

1354
1959

195¢C
1957

1946
1945

1971
1970

1931
1928

1950
1945

1634
1930

1947
1945

1946
1944

1958
1959

2079
2075

2131
2126

2169
2103

1944
1939

2048
2C45

2058
2054

2C16
2012

1962
1959

19€8
1986

1939
1935

1944
1938

19G9
1909

1946
1942

1946
1944

1945
1941

1939
1938

1963
1965

15916
1923

1942
1943

192¢
1928

1939
1839

1924
1938

1955
195¢

2068
2068

2117
2119

2CS9
2100

193¢
1937

2037
2038

2047 2

2049

2006
2C0¢

1954
1953

1978
1981

1929
1931

1533
1936

19¢2
1902

1937
1939

1940
1943

1932
1935

21Cé
21CH

2Cél
2c8¢é

1524
1926
2Cz¢
2€25

1994
1961

1942
1941

19¢8
19¢8

1621
1521

1621
1924

18G4
1892

1928
1928

1928
1930

1622
1925

1528

1847

1510

1630

1615

1525

1927

1648

5
55 2049

2069

2079

1523

2C19

3 2028

15€8

1538

19¢3

1616

1921

1891

1625

1628

1922

1923
1622

1641
1644

16C4
1507

151§
1524

1507
1911

161¢
1s2¢C

1617
1521

1544
154¢

2c4C
2C44

2CaC
2C61

-C
2072

1612
1617

2C12
2C14

2021
2C1s

168C
1582

1925
1534

1654
1654

1508
151C

16CS
1614

1€€1
1888

151¢
1518

1519
162C

1513
1518

1915
1918

1937
1943

1901
1903

1912
1921

1501
1907

1915
1916

1812
1917

1539
1942

-0
2039

2081
2084

2060
2055

19C8
1910

zcar
2C09

2011
2017

-0
1977

1924
1928

1949
1955

1903
1307

1908
1909

1878
1884

1912
1917

1914
1918

1909
1911

1859
1913

1935
1935

1897
1859

1911
1916

1855
19C1

1916
131¢C

-0
1912

1928
1938

2024
2034

2017
2075

2051
2058

1903
1305

2CC1
2002

2008
2008

197¢
1968

1921
1922

1642
1946

1300
19¢C3

1903
1907

1877
1877

1910
1910

1909
1910

1904
1908

1907
1905

1917
1925

1892
1690

1e¢5
19C8

1879
1895

19¢C4
1903

1504
1905

193C
1929

2020
2021

2065
2G65

2045
2048

1899
19C0

1994
1994

2C0C0
1997

19¢2
1959

1915
1916

-0
1938

1896
1896

1897
1900

1871
1869

19¢2
1904

1906
1906

1899
1903

1869
15CC

1518
1624

1£81
1889

1€58
18C3

lgge
1861

1856
189

1€58
18C1

1624
1925

zC11
itle

(56
2C57

2C3a
2C43

1893
1869

1984
1s€8

169¢C
15863

1856
1957

13Ce
1612

1629
1634

1687
1861

1891
1893

-0
1869

1897
1601

18¢<9
1sCl1

1865
15C0

1884
1886

1911
191¢

188C
1875

1892
1885

1875
1877

1888
189C

189C
1889

1911
191¢C

2€03
2C01

2044
2041

202¢
2025

1884
188¢

1975
1974

197¢
1977

1941
1942

-C
189¢

1922
1921

1881
1879

1881
1885

18517
1859

1887
1886

1891
1889

1889
1688

18838
1892

1807
-G

1875
187e

1888
1893

187¢
1882

1885
1892

1884
1893

1313
1915

1899¢
2002

2035
2042

ze2c
2023

1875
1887

1969
1974

1974
1981

193¢
1945

1895
1901

1917
1922

1879
1883

1880
1885

1854
1862

1883
1890

1887
189C

1885
189¢C

le87

1909

1872

1886

187¢

1884

1887

1908

1993

2034

2019

1882

1966

1974

1936

1894

1916

1877

1882

1854

1885

1887

1884

1880
18684

1897
1903

-Q
1872

1877
1886

1861
1874

1789
1885

1875
1885

-0
1305

-0
1989

2020
2028

-G
2013

1864
1879

-0
1960

1963
1971

-0
1934

1887
1893

-0
1912

1869
1876

-0
1878

1847
1854

1875
1882

1878
1884

1874
1883

1879
1880

~C
1901

18¢7
1869

1882
1281

18¢¢
18¢9

1876
1881

1876
1878

19C1
18$9

1975
158¢C

2cz¢e
2022

2€01
2C05

-C
1877

1956
165¢

~0
~0

1925
1927

1€86
1888

15C1
1907

1684
1871

1872
1872

185¢C
185¢

1875
1879

1872
1880

1872
1880

1875
1877

1895
1899

1864
1867

1872
1881

1862
-0

1871
1878

1868
1877

1898
1895

1971
1976

2015
2014

1999
1999

1866
1875

1953
1853

1958
1959

1919
1926

1882
1889

1901
1905

1864
1869

1869
1873

1844
1850

1874
1878

1874
1877

1874
1878

ige2
1870

1883
1892

1853
1860

1862
1874

1852
1862

1864
1872

1863
1870

1886
1890

1959
1971

1668
2009

1584
1995

1859
1870

1939
1949

1945
1955

1905
1922

1873
1883

1889
1899

1854
1865

1856
1863

1836
1846

1861
1869

1862
1871

1864
1873

1861
1869

1824
1893

1851
1858

1861
1871

1853
1863

1861
1869

1863
1869

187
1884

1957
16566

2C00
2004

1585
1990

1€62
1869

1935
1644

1946
1948

1309
1914

1873
1878

1891
1859

1856
1€65

1€59
1865

1841
1843

1863
1872

1864
1869

1864
1875

1€62
1867

1883
1£88

1851
1857

1863
1869

1854
1861

18¢€3
1868

1861
1868

1£83
1884

1655
1564

1595
2c02

1578
1586

1869
1867

1634
1540

1941
1947

1908
1515

1873
1879

1890
1896

1856
1863

1858
1865

1E37
1842

1864
1869

1€61
1868

1871
1875

1859
1865

1878
1887

1847
-0

1860
18¢6

1851
1856

1860
1865

1856
1866

1879
1880

1949
19¢C

1989
1596

1971
1982

1859
1864

1928
1936

192¢
1942

19C4
1912

1870
1876

1887
1894

1851
1859

1855
1861

1835
1840

1858
18¢6

1860
18¢6

1869
1875

1847
1857

1868
1880

1838
1845

1849
1856

1842
184¢€

185¢C
185¢

1847
1858

1861
1871

163¢
1545

1974
1582

1956
1965

1847
1856

1913
1923

1924
1628

1892
1902

1859
187C

1874
1884

1843
185¢C

1847
1856

1825
1833

1849
1857

185¢
1857

1861
1871

1850
1851

1€71
1872

1€38
1E41

1€49
1851

1€40
1842

1€51
1850

1£48
1847

1860
1861

1937
1638

1673
1973

1658
1656

1€48
1851

1615
1515

1923
1925

1€92
1896

1860
1264

1871
1€74

1E43
1845

1844
1E49

1827
1€30

1849
1851

1853
1852

1e61
18¢6

1843
1850

18¢5
18¢7

1824
1837

1842
1847

1836
1840

184¢
1846

1845
1848

i854
1858

1916
1931

16€1
1967

1945
1551

1845
1849

19C6
1908

1915
1917

1€€7
1889

1857
1857

1869
1874

1844
1854

1843
1846

1823
le2g

1841
1849

1843
1848

1863
18¢&4

1841
1846

1864
18¢¢

1832
1832

1842
18417

1835
184C

1843
1843

1844
l1e48&

1848
1852

1625
1928

1657
1863

1643
1648

184£
1848

1904
190¢

1913
1516

1€84
1886

185¢
1858

1868
1873

1841
1842

1841
1845

1822
1824

1844
1848

184%¢
-C

1862
1864



96

RUN
26

34

146

147

143

149

148

145

144

348

142

141

140

136

137

134

SERIES
40C
3cc

40C
30C
4CC
30C

4CC
30C

4CC
30C

40C
30C

40C
30C

40C
30C

40C
30C

40C
30C

40C
30C

40C
30C

4GC
3ccC

40C
3CC

40C
3ccC

400
3¢C

49.5

19¢é6

15¢7

1659

1817

2C26

1927

2CC8

2037

19¢6

2Ces

2CE5

1951

2CC1

13¢4

48.5

1963

1963

L1999

1977

2026

1937

1956

20C6

2037

1986

2665

2C51

2037

1988

200¢C

1964

4645

1962

1963

1997

1317

eC26

1934

2065

2C53

35

1989

19499

1962

44.9
1951
1355

1351
1957

1791

1368

2024

1931

1952

200C

2039

1943

2N64

2048

2031

1784

1995

1358

43
1945
1941
1944
1941
1981
1977

1960
1959

2018
2019

1921
1925

1943
1942

1989
1987

20130
2032

1974
1974

2056
2062

zC30
2037

2C24
2022

1575
1976

198¢
1986

1950
1549

41
1937
1941
1932
193¢
1973

1974

1953
195¢&

Nl
2017

1917
1920

193¢
1939

1978
1982

2023
2C2¢

1968
1972

2051
2060

2032
2035

201¢g
2018

19¢7
1971

1978
1984

194¢
195¢C

TABLE H. - Continued. BOILER SHELL SURFACE TEMPERATURES

39
1928
1928
1923
1627
19¢C
1G¢€3

1943
19458

20C0
2CCl1

19ic¢
1911

162¢
1928

16¢5
1972

2c1cC
2C11

1658
19¢1

2044
2Cs¢C
2024
202¢

2CC7
zcc7

16¢1l
19¢4

1572
1975

162¢&
1643

(a) Continued. U.S. customary units

DISTANCE FROM CENTER~LINE CF SFELL CLTLET, INCHES

37

1623

1623

1654

1s¢c7

1525

19¢6

2cCe

154

2C49

2C23

2ccC2

1561

1670

1641

35

33

31

TEVPERATURES,

1617
16186

1512
1917
1¢5C
1652

1534
153¢

1587
1684

190C
16CE

1617
192C

1687
15¢C

1667
2Cccl

1654
165¢

2C13%
2C4¢€

2C14
2C1¢

1664
2CcC

1548
165¢

1G¢4
16¢¢

1631
163¢

1912
1912

1908
1912
1938
1943

1929
1832

1978
1985

1895
1903

1915
1918

1551
1956

1591
1934

1951
1955

2027
2042
2Co8
2Cl2

1992
1685

1949
195¢

156C
1965

1628
1935

1907
1912

19C3
19C7
1939
1944

1926
1927

1975
19179

1898
1853

1918
1315

1947
1952

1G€4
1986

1951
1952

2024
2GC33

2CCS
20Cé

1989
19¢€¢8

1642
1953

1957
1959

1927
1930

29

21

25

23

DEGREES FAHREAFEIT

-0
1902

19C0
1903
1645
1937

192C
1921

1968
1968

1892
1892

1907
1909

1940
1944

1376
1976

1937
1946

2018
2024

2CC2
2CC1

1983
1982

1944
1946

1939
1851

1624
1925

1865
19C1

1864
1849
1827
1333

1515
1s2¢

15¢é0
-G

1286
1€5C

1869
19C3

1936
1539

1666
1674

164¢
1544

zCCS
cc22

1663
1594

1675
16€C

1536
1543

1546
165¢C

1916
1519

-C
1887

188C
1886
1921
1919

190¢
1305

1649
195¢C

1877
l188cC

1891
1891

192¢
192¢

196¢C
1958

1931
1932

199¢
2C07

1983
l198cC

196¢
1964

1931
1931

1937
1936

1907
191¢

1885
1888

1€81

-0
1917
1922

1902
1908

1943
1952

1877
1885

1886
18%¢

1914
192¢

1954
196C

192&

-G
1594
2006

1978
1983

1963
1967

1922
1933

1936
1938

1903
1911

21

1887

1884

1918

1902

1946

1879

1893

1923

1950

1529

1999

1978

1361

1928

1933

1907

19
i876
1882
1273
1883

-0
1914

1892
1901

-C
1940

1870
1876

1884
1891

1908
1920

1942
1950

1918
1926

1979
1995

1964
1970

1953
1959

-0
1925

-
1930

1897
19C4

17
1874
1877
1875
1879
1908
1912

18973
1899

1933
1937

1871
1876

1882
1:1:34

1812
1516

1640
1645

1919
1922

1985
1389

15¢3
1967

1682
1652

1615
1921

1923
1928

1856
1sa1

15
1865
1877
1875
1878
1907

1910

1891
1898

1931
1934

1871
1876

1882
1887

1911
1916

1938
1942

1916
192¢

1975
1983

1961
1962

194¢
19449

1912
1919

1922
1924

1898
1899

13
1862
1870
18¢5
1872
1897
19¢7

1887
1894

1921
1934

18¢3
1872

1874
1881

1898
1912

1930
1940

1908
1915

1963
1976

1948
1958

1937
1346

1901
1912

1912
1918

1885
1896

11
1864
1€70
1867
1876
1869
1908

1890
1893

1927
1935

1867
1872

1876
1885

1503
1914

1628
1640

-0
1516

1962
1974

1650
1954

1638
1943

1901
1912

181¢
1917

1€€8
1896

1862
1868

1872
1876
1503
1908

1890
1896

1929
1624

1869
1874

1879
1885

1508
1914

1635
1542

1907
1612

1957
1672

1544
1651

1534
1538

1602
1504

1909
1518

lees
1896

l8el
18¢€6

1870
1876
19C3
18¢9

1896
1896

1929
1935

1867
18175

1€€0
1886

19C7
1913

1925
1940

19¢C3
1911

1952
1967

1940
1948

1930
1836

1898
19¢Cé6

19C7
1911

18€5
1891

1848
1860

1863
1872
189¢
1506

1e8¢
1894

1917
183C

1857
1871

1879
1884

1855
1911

1922
1638

1685
1501

1942
1651

1931
1639

1915
1927

1885
1897

1895
1503

1869
1881

1849
1852

1864
1€€6
1859
16C0

1888
1€91

1524
1928

18¢6
1869

1E73
1876

1901
1506

1632
1635

1850
1893

1542
1540

1928
1630

1508
1921

1886
1888

1893
1€95

1870
1873

1848
1849

18¢5
1867
1899
1859

1889
18¢€8

1927
1925

18¢€5
18¢4

1877
1€€C

19C3
19C7

1931
1923

18€5
1886

1927
1934

1912
1925

1911
1912

1880
1e85

1886
1862

18¢€8
1870

-0.5
1843
1847
1864
1865
1897
1869

1887
l1e84

1921
1922

1862
1863

1873
187¢

1501
1903

1926
1928

1882
1885
1526
1933

1917
1622

190¢&
1508

188C
1883

1887
187

18€E
1867



R

L6

139

135

138

132

350

128

127

131

130

133

123

126

347

346

364

355

359

363

353

365

351

360

362

124

4CcC
30¢

4CC
30C

40C
30€C

40C
36C

40C
30C

40C
30¢C

40C
30¢C

4GC
30C

4CC
300

40C
30C

40C
30¢

40C
30¢

40C
30¢C

40C
30¢

4CC
30C

40C
3ac

40C
306

4CC
30¢C

40C
3G6C

4CC
30C

40C
30C

4CC
30C

40C
30¢

40C
30¢C

2C15

2124

1961

20¢4

2046

21Cc1

2063

1975

2081

2026

1991

1390

2C59

2078

2C52

1963

2097

1952

2081

263,

2190

2023

1978

2013

2126

1988

2063

2045

2099

2091

1975

2074

2022

1988

1989

2096

1990

2078

2083

1990

2095

1990

2078

2uef

2189

2024

1978

eCi2

zl24a

1988

2061

2045

2100

2C91

1974

zC79

eCz3

1989

1390

2095

1989

2078

2086

1998

2094

1989

-0

20217

2187

2019

1774

2007

2121

1784

2055

2038

2097

2088

1967

2074

2018

1985

1984

2087

1984

206¢€

2075

1985

2084

1384

M72

2021

2181

2008
2008

19¢6
1967

1668
1938

2115
2119

1975
1982

2046
2044

2029
2027

2087
20&8

2081
2084

1961
1966

2062
2063

2CC9
2006

1973
1674

1974
1974

2071
2066

1974
1971

2053
2049

2C6l
2056

1674
1972

2071
2065

1974
1973

2064
2058

2014
2013

2171
2171

2000
2C03

1958
196¢

1661
1895

2111
2115

19¢9
1971

2G39
2041

2621
2025

208C
208C

2075
2082

1954
1957

2053
2057

2CC2
2C02

13¢5
1968

1964
1971

2059
2059

196¢
197C

2040
2044

2047
2049

196¢C
1966

2054
2058

1966
1971

2051
2052

2C0¢
209

2164
2169

1592
1955

1951
1653

1934
1985

Z1ce
z211¢

Z02¢e
2028

2011
2012

2C7¢C
2C1¢C

2C¢7
2C71

1946
1949

2C44
2048

1632
1963

1656
1659

165¢
19¢2

2043
2044

1554
1959

2025
2027

2031
2C35

155¢
155¢

2041
2042

1954
1657

2043
2041

1498
2CCC

2149
2155

1€63

1651

1580

21C38

5
€9 1556

2C24

2CC6

20¢8

2Ce7

1546

2C44

1589

1658

1659

2038

2022

2028

1655

2G37

1553

2C39

1697

2148

15¢e¢
169C

1944
165C

1673
167¢

21C1
2103

1545
1652

2C1s
2c2c

2¢cc
2ccl

2Css
2C62

2C57
2C¢€2

1638
1641

2034
2C37

1681
1682

1552
1654

1651
16554

2C2¢
203C

164¢
1651

2C23
2C1¢

2019
2C22

1944
1545

2C25
2C29

1647
1653

203C
20332

199C
1663

2135
2142

1980
1984

1839
1945

1569
1972

2C93
2097

1946
1850

¢Cl2
2017

1994
1698

2C54
2Cs6

2052
2C57

1936
193¢

2027
2032

1976
1879

1946
15851

1846
1949
eC22
2425

1940
1947

2C06
2012

2011
Zc17

1943
1944

2023
2024

1943
1549

z2¢12
2027

1986
1591

2129
2136

1988
198C

1938
1939

19¢¢
1970

2087
2C89

1943
1645

2CCs
2011

1962
1992

2048
2C47

2039
2C5¢C

1933
1934

2022
2025

1973
1975

1942
19438

1641
1946

1998
2018

1941
1541

2CCC
2004

2CC6
2068

1942
1943

2012
2017

1940
1943

2018
202¢

198¢C
1986

2120
2126

1972
1972

1933
1935

1963
1963

2081
2080

1927
1937

2cCl
2003

1977
1986

2C41
2C38

204G
2G39

1928
1929

2018
2017

1969
1970

1928
1541

1927
1940

-0
2008

1923
1936

1983
1997

-0
2CC1

1923
1934

1994
2607

1928
1933

2002
2012

1968
1972

2111
2114

i%¢e6
1570

1927
1632

1655
1656

2C71
2C75

1531
1636

1690
1558

1575
1382

zC23
2034

2031
2C34

1924
1528

zCcs
2012

1963
1668

1532
1338

1528
1639

zcce
2G5

1925
1532

1683
155¢C

1661
1697

1927
1622

1559
2C04

1927
1523

z(C6
2004

1871
18177

20s¢e
z1¢8

1957
1958

191§
192C

194¢
1947

2C59
2C6C

1924
1924

1982
1984

1965
1969

2622
2021

2C021
2021

1913
1913

1999
1995

195¢
1853

1927
192¢

1927
1927

1591
199¢C

1916
1918

1977
197¢

1984
1981

1922
1922

1990
1989

1917
1922

199¢
1992

196§
1969

269C
2091

1951
1957

1916
1923

1941
1942

2C51
2058

1919
-C

1979
198¢

1964
197¢C

2016
202¢

<0l4
2021

i9l4
1915

1592
1699

195C
1954

1921
-0

192¢C
-C

1981
199¢C

1917
-0

1974
1978

1977
1981

1915
-0

1980
1988

1918
-0

1692
1992

1967
1967

2081
2091

1949

1919

1944

2C5Q

1918

1979

1965

2013

2013

1908

1994

1947

1929

1921

1983

1919

1972

1978

1913

1983

1917

1989

1965

2079

1943
1948

1905
1916

1932
1942

2038
2045

1907
1911

1966
1975

1951
1961

2004
2010

1996
2008

1904
1908

1981
1988

1937
1945

1912
1922

1910
1919

1970
1979

1909
1913

1960
1966

1364
1971

1306
1916

1970
1978

19¢8
1918

1582
1987

-0
1965

2063
2075

1942
1945

-C
1911

1634
1934

203¢
2C4C

i910
1913

1965
15¢€8

1951
1655

-0
2CC3

1697
2C01

16C3
1904

1678
1584

1638
1943

1910
1519

1910
1918

1970
1974

-0
1913

1658
1963

19¢3
1969

-C
1912

1870
1974

16C8
1912

1687
1988

1664
1967

2057
2069

1939
1941

1907
1910

1932
1931

203¢C
2031

1307
1912

1962
1968

1948
1951

1998
1999

1993
1996

1899
1905

1977
1977

1935
1940

1910
1917

1910
1917

1967
1971

1903
1910

1953
1960

1559
1963

1901
1908

1967
1972

1906
1911

1983
1986

1964
1970

2057
2061

1925
1922

1896
1907

1918
1925

2011
2024

1897
19Gé6

1947
1961

1935
1948

1985
1993

1981
1662

1892
1899

1963
1972

1921
1933

1869
1508

1897
1908

1955
1965

1894
1905

1944
1953

1951
1957

1893
1901

1851
1963

1897
1906

1976
1981

1957
1962

2039
2054

1928
1932

1891
1904

1519
1826

2C1z2
2020

1893
1603

1948
1657

1638
1946

1581
1685

1978
1587

1892
1894

1564
1968

1923
1929

1501
108

1898
1908

1957
1967

1894
1905

1944
1957

1950
1962

1891
1903

1658
1967

1895
1905

1978
1685

1657
16866

2039
2050

1927
1631

1894
1502

1618
1926

2C08
2C19

1894
1901

1545
1955

1536
1943

1679
1688

1675
1585

1890
1€55

1957
1566

1922
1528

1501
1307

1869
1505

1960
1366

1895
1601

1948
1656

1652
1560

1893
1500

1659
1966

1896
1301

1979
1583

1563
1564

2035
2G46

1924
1928

1892
19C0

1914
1921

2¢cl
2011

1892
1869

1938
1951

1931
1940

1973
1981

1968
-0

1887
1893

1953
1962

1919
1925

1897
19C6

1866
19C4

19¢l
1967

1861
19c0

1945
1953

1954
1560

1892
19C0

1958
1964

1891
19C0

1982
1983

19¢3
1964

2029
2040

1s08
1618

1878
1891

1901
1909

1988
159¢

1882
1892

162¢
1937

1914
1923

1651
1668

1651
1564

1873
188¢

1939
1949

1905
1916

1885
1898

1884
1897

1649
1962

1877
1891

164C
1652

1944
1558

1880
1892

1651
1963

1883
1895

1975
1983

1549
1962

2012
2021

1507
1510

1£80
1£82

1500
1901

1586
1587

1€86
1889

1628
1631

1515
1519

1563
1962

1549
1550

1875
1879

1539
1540

1502
1507

1886
1€89

1£85
1890

1652
1558

1869
1£87

1645
1546

1549
1649

1877
1684

1555
1957

le84
1£€8

1578
1578

1525
1956

2C08
2c12

16C0
19C3

1876
1876

1895
1898

1971
-0

1€82
1g8s

1520
1923

1910
1914

1947
1554

1927
1947

1874
1872

1920
1937

1896
19CS

1882
18¢e8

1€€3
1888

1953
1959

1882
1882

1943
1944

1946
1948

1880
1895

1953
1955

18¢€0
1gg0

1976
1976

1949
1952

zCCO
2005

1e9¢
1904

1873
1875

1891
1897

1566
1674

1876
1881

1517
1923

1908
1612

1645
194¢

1636
164C

1871
187¢C

19217
1634

1894
1901

1881
1885

1€82
1885

1545
1553
1876
1683

194C
1942

1542
1947

1878
1882

1953
165¢

188C
188¢€

1972
1674

1947
1950

1695
2000



86

RUN
349

119

118

345

117

122

121

120

123

116

193

184

181

18%

178

1719

SERIES
40C
30C

4CC
3cC

4CC
30C

4CC
3ce

40¢C
3¢CC

40C
36C

4CC
30C

4CC
30C

4CC
3¢cC

4CC
3CC
40¢
30¢

40C
30C

40C
30cC

40C
30C

40C
36C

40C
30¢

49.5

1988

1992

1917

2166

2136

21C7?

2183

1526

1664

2027

2C30

48.5

1989

2048

20C4

1983

1975

2164

2136

2104

2187

1928

1993

2027

20628

2026

2026

2028

4645

1589

zCs3

2004

1988

1974

2163

2133

2104

21as

1926

1990

2027

€28

zc2¢

2027

2C30

4449

1983

2046

1998

1985

1768

2153

2128

2095

2179

1723

1987

2024

2022

2105

2024

2024

43
1973
1972

2035
2032

1986
1986

1972
1773

1958
1960

2141
21136

2111
2108

2083
2079

-0
2168

1916
1916
1979
1978

2015
2014

2613
2012

2014
2010

2013
2012

2015
2011

41

19¢¢

2027
2C2¢

1979
1984

1964
19¢5

1952
1954

2125
213C

210¢
21¢2

2073
207¢

2161
2164

1911
1913
1374
1972

2C07
2C1C

2ces
2012

2¢07
2C073

2C03
2C07

2CCe
2011

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

3s
1954
15¢¢

2C 14
ZClé

197¢
1672

15¢C
1957

1643
1944

21Ce
2115

2C8¢
2cee

2Cel
2Cea

2147
2151

13CcC
13C3
1965
19¢5

1999
2CC2

1699
2¢C2

1659
2CoC

1665
1997

1665
z2Ccce

(a) Continued. U.S. customary units

DISTANCE FROM CENTER-LINE CF SHFLL CLTLET,INCHES

27

15353

2C12

15¢6

1654

1544

21C9

2082

2C¢0

2143

16C3

19£4

20CQ

1¢5$9

1697

1665

1699

15

33

31

TEMFERATURES,

1547
1652

2C03
2007

1656
16¢C

154¢
1662

1533
163¢€

21¢C
21c2

2C€172
2C1¢

2C47
2Ce3

-C
213¢

189¢
16¢C
1656
19¢C

159C
166¢

169C
1662

1689
1691

1587
1661

1661
1663

1944
1950

1599
2C04

1953
1960

1943
1948

1630
1934

2C94
2098

el
2€72

2043
2C46

2127
2134

1894
1896
1955
1958

1989
1892

1987
1989

1983
1387

1981
1986

1986
19569

1942
1944

1993
195¢

1952
19c6

1940
1545

1927
1931

2085
2089

2C¢6C
2064

2C136
2C42

2119
2122

1891
1893
1953
1953

1994
1688

1g9g1
1583

1981
1983

1970
1682

1682
1985

23

21

25

23

DEGREES FAHRENFEIT

1931
1937

19¢€8
1990

1952
1946

1926
1937

1922
1923

2C79
2078

2C53
2051

c
2033

2112
2110

1888
18390
1945
1947

1979
1980

1879
1981

1973
1977

1972
1975

1978
1981

1629
1632

1582
1987

1641
1641

1631
1634

1913
1619

2058
2012

2045
2048

ic2¢
zc2s

2058
Z21C5

1684
1€¢€8
1642
1545

1972
1977

1571
1917

1370
1973

1967
1972

1971
1977

19232
1922

1874
1974

1931
1932

1924
1924

1907
1909

2059
205¢

2€35
2034

2013
2C15

208S
2087

1875
187¢
193¢
1934

1964
1967

1965
1964

1963
1961

1958
196C

1964
1963

1919
~C

196¢
1974

192¢
1935

1917
-C

1905
1512

2049
2C56

2027
2034

2C04
2012

2083
2088

1874
1esal
1934
1936

1962
1968

1961
1866

1857
1963

1957
1962

196C
1966

21

1919

1966

1329

1922

1907

2050

2025

2C08

2077

1876

1933

1961

19¢2

1955

1556

1963

19
1910
1917

-0
1964

1921
1926

1910
1919

1859
1906

-0
2045

2016
2022

1994
2004

2066
2072

1868
1874
1933
1932

1951
1960

1952
1960

1951
1958

1946
1954

1951
1960

17
1511
1916

1954
1962

1522
1921

1913
1915

186¢
160

2037
203¢

2012
201¢

1995
1699

2C66
2C€5

187C
1873
1623
1929

-C
1659

19¢%2
1958

16%4
1985

1649
1655

1654
1957

15
1907
1915

1954
1958

1916
1918

1911
1914

1894
1900

2030
2032

2008
2011

1991
1995

2054
2060

1866
1874
1924
193¢

1949
1958

1951
1957

1948
1952

1949
1945

1954
1955

13
1869
1908

1938
1950

1904
1915

189¢
-0

18¢€8
1897

2013
2025

1995
2CCS

1974
1987

2042
2054

1862
18¢9
1922
1927

1940
1950

194C
1952

164¢C
1949

193¢
1947

1942
1951

11
1896
1904

1940
1548

1908
1913

1897
1910

1€€8
1897

217
2C23

1694
2CC1

1978
1586

2039
2047

1858
1867
1516
1626

1946
1657

1844
1654

1941
15651

1640
1931

1546
1654

1898
1505

1938
1546

1506
1611

1602
1907

186
1893

212
2C19

15690
2C01

1973
1585

2037
2C44

1859
1870
1621
1630

1548
1656

1547
1654

1645
1652

1646
1651

1649
1654

1894
19€3

1935
18463

19C1
1909

1868
19C4

1ees5
1892

2CCe
2012

19€5
1663

1969
1580

2031
2039

1861
1867
1922
1929

1947
1686

1948
1956

1546
1982

1935
1951

1646
1956

1884
1898

1921
1931

1887
16CC

1888
1897

1875
1885

1688
2C00

1972
168C

1655
1964

2013
2022

185¢C
186C
1514
1526

154C
1653

1640
1651

1938
1548

1635
1948

164C
1851

1£89
1893

1619
1924

1892
1894

1£87
1892

1875
1878

1987
1691

1572
1673

15¢1
1688

2C12
2C12

1852
1855
1918
1521

1549
1648

1645
1947

1542
1644

1940
1540

1544
1547

1885
1890

1915
1921

1890
1891

1851
1891

1874
18174

1580
1985

19¢€1
1967

194¢
1850

1598
2¢c3

1851
1855
1917
1922

1944
1946

1940
1944

1927
1942

1941
1943

1953
1945

-0.5
1884
1887

1614
1919

188¢
1889

1€83
189¢C

1872
1€75

1975
1980

1558
196C

1643
1645

1693
2¢CC

185C
1€46
1814
161¢&

1941
1944

1642
1644

1641
1544

163¢
154C

1642
15417



66

176

175

186

182

172

i71

183

173

192

287

191

290

288

286

163

190

343

170

167

168

165

188

169

164

40C
3ccC

40C
36C

40C
30C

40C
36C

4CC
36C

4GC
30¢C

40C
3cc

4CC
30¢C

4CC
30C

4CC
30cC

4CC
36¢C

40C
30C

40C
30C

40C
30¢

40C
30¢C

40C
30C

4CC
30C

40C
30¢

4GC
30C

40C
30¢C

40C
30¢C

40C
300

40C
30¢

40C
30¢C

2C30

20¢€1

2071

2030

2€50

1553

2Cc6

1952

2087

2056

2056

2010

1991

2029

2026

2115

2023

2032

2038

2036

2023

2059

2069

2029

-0

1993

2054

1991

2054

2055

2054

2011

1990

2023

2131

2081

2095

2036

2025

2110

2025

2031

2C38

2039

icat

2059

2069

2045

1992

2055

1390

2055

2046

Z055

2009

1990

2028

2129

eQ81

2689

2032

2029

112

2025

2125

2032

2933

2023

2051

2061

2024

20432

1987

2049

1787

2050

2047

2052

2005

1988

2025

2131

2077

2094

203¢

2023

2113

2023

2015
2014

2022
2023

2023
2022

2014
2014

2041
2037

2050
2046

2013
2013

2031
2028

1978
1979

2036
2036

1578
1979

2C42
2040

2038
2035

2046
2046

1995
19$9

1980
1981

2017
2016

2129
2131

2068
2069

2C89
2087

2027
2021

2015
2014

2108
2111

2010
2012

2007
2C09

2018
201¢

2013
2018

2608
2011

2032
2035

2041
2045

2CCe
2C08

2023
2028

1975
197¢

2027
2032

1972
1977

2035
2038

2023
2031

2043
2046

1991
1995

1973
197

2009
2C11

2127
2130

20¢C
2065

-C
2084

2014
2023

2011
2012

2108
211¢

2004
2008

196¢
2CCC

2CC3
2CC4

2CC3
2CCh

1668
zCcC
zczc
2021

2C25
2C3¢C

1687
2CC1

2C13
2C14

19¢4
19¢7

2017
2021

19¢4
19¢9

2025
2C3C

2C1¢
2C19

2C3¢
2038

1984
1585

19¢7
1§72

20C2
2CCa

2122
2121

2C51
2058

zC13
2074

2C14
2cl1s

2C0C2
2C€C2

Z1C1
21C¢

2¢CcC
2000

1696

2CC3

2CC5

1596

2c1e

2¢28

1598

2C10

19¢3

2C15

19¢7

2027

2C15

2C35

1683

1670

2€C2

2126

2053

2C70

2C15

2C€c2

21C5

1559

16¢8
169¢C

1665
1667

169¢
2CCC

169¢C
1664

2CCE
2C11

2C1¢
2¢21

15685
1663

2CCz
20ce

165¢€
19¢z

2Cce
2CcCs

1557
19¢2

2c2¢C
2021

2CCe
2C11

2028
2G31

167¢
1681

19¢€1
15¢6¢€

1966
169¢

2125
2129

2045
2047

2063
2C&4

2CCé
2C1cC

1597
1697

2103
2102

1591
199¢

1982
1987

1989
1696

1681
159¢&

1986
1988

2C04
zC03

2C11
2019

1686
1990

1596
2C00

1954
1960

2¢00
zC07

1853
1958

¢Clé
2018

2002
2C07

zC27
2030

-0
1378

1959
1965

1994
1997

2124
2127

2041
2043

2060
2061

2C00
zC07

1984
1995

2099
2088

1989
1691

1978
1982

1987
19¢8

197¢
1390

1983
158¢

-0
2C03

2CC7
2012

16€1
1986

1682
1887

1552
19546

20C3
2C01

1951
1956

2012
2015

1939
2CCOo

2022
2025

1972
1974

198¢
1962

1692
1992

2124
2123

2036
2C36

2054
2054

1994
2002

19¢e8
1989

2094
2054

1983
19¢€8

1974
1976

1979
1979

1983
1983

1977
i58cC

1994
1994

2€¢cl
2003

1977
1979

1988
1989

1947
1947

1987
1994

1949
1951

20C0
20C5

1985
1992

2C1i¢
2017

19¢4
1967

1963
1956

-0
1588

2121
2117

2030
2029

20417
2049

1992
1996
1986

2090
2085

1982
1983

1668
1571

1671
1578

1517¢
1679

1372
1675

1986
16SC

1896
1997

1673
1976

1678
1583

1641
16546

1985
1689

164C
1544

2CC1
2008

1384
isge

2011
2013

15¢1
1965

1652
1555

1582
1686

2118
Z1l4

2021
2026

iCat1
2045

15¢8
1663

158C
1585

z082
2Cec

1879
158¢

195S
195¢

1964
1964

1973
1969

1962
1962

1975
197¢

1984
1986

1965
1965

1972
1973

1934
1934

1975
1975

1932
1937

1994
1992

1975
1977

2001
2004

1955
1955

1941
1944

197¢
1973

2104
210C

2013
2013

2031
2031

1979
1980

1974
1971

207C
2C6¢

1968
1967

1954
1961

1961
1365

1964
197¢C

136C
1867

1973
1981

1979
1987

1953
1967

1966
1974

1934
1938

1974
198¢C

1932
1936

1989
1692

-C
1979

1994
2001

1951
1957

193¢
1946

197¢C
1979

z101
2099

2C0S
2015

2021
2031

1975
1984

1967
1974

2059
2065

1964
1967

1955

15el

1967

1964

197¢

1984

1562

1972

1930

1980

1936

1991

1972

1998

1951

1941

1969

2090

2¢08

2025

1678

1971

2055

1963

1947
1954

1952
1961

1957
1968

1956
1966

-0
1976

-0
1983

1954
1964

1965
1972

1926
1932

1970
1979

1926
1934

1977
1986

1958
1969
1996

1941
1549

1930
1938

1960
1968

20617
2087

1954
2007

2014
2022

1964
1976

1960
1967

2049
2053

1955
1962

1949
1944

1546
1556

15¢1
19¢6

16¢0
19¢é2

1971
197¢

1981
1983

1957
16¢4

19¢6
167¢C

1928
1930

-C
1979

1625
1930

1977
1582

1960
1965

1983
1589

1943
1946

1932
1936

1962
16¢5

2082
2078

2¢07
2002
2015
201¢

1969
1971

16¢0
1565

204¢
2047

1956
1958

1944
1950

1952
1956

1963
19648

1957
1962

1971
1975

1979
1981

1960
1962

1968
1972

1928
1931

1976
1979

192¢
1930

197¢
1977

1859
1963

1981
1987

1940
1944

1929
1937

1958
1964

2076
2071

1994
1998

2011
2014

1966
1970

1958
1961

2041
2041

1953
1956

~0
1946

1943
1955

1956
19¢5

1952
19¢3

1962
1975

1969
1982

1921
1960

1956
1968

1921
1928

1966
1378

1917
1928

19¢2
1971

1549
1960

1967
1981

1930
1939

1920
1930

1946
1957

2C59
2067

1982
1990

1698
2QCé

1555
1965

1944
1955

2023
20133

1946
1950

1839
1949

1646
1954

1958
1968

1961
1964

1967
1676

1576
1583

1556
1861

1967
1672

1921
1929

1971
1679

1621
1931

16565
1572

1648
1961

1368
1578

1925
1939

1917
1628

1944
1956

2053
2059

1679
19488

1695
2003

1949
1859

1949
1954

2024
2C31

1947
1950

1890
1949

1947
1657

1659
1970

1657
1966

1969
1579

1677
1685

1657
1667

1564
1673

1924
1523

1674
1979

1625
1931

1562
1568

1452
1561

1967
1975

1929
1540

1520
193¢

1947
1653

2053
2C55

1979
1986

1595
202

1949
1959

1944
1654

2001
2C26

1540
1949

1941
1948

1949
1656

19¢0
13¢6

1957
19¢€3

19¢9
1977

1678
1984

1956
1964

19¢4
1970

1924
1931

1976
1979

1924
1931

19¢3
1964

1953
1961

19¢€2
1874

1927
1933

1919
1927

1944
1652

2048
2051

1976
1980

1689
1695

1948
1956

1941
1850

2016
2022

1939
1944

-C
194¢

1841
1651

1652
1664

1544
165¢

1566
1666

1968
1978

1651
1961

1654
1565

1514
1927

1962
1972

1912
1927

1645
1654

1944
165¢

1642
1658

1917
1927

16508
1921

1932
1641

2021
2032

1964
1972

1974
1986

194C
1948

1927
1841

1593
2¢Cs

1928
1935

1629
1640

1546
1648

1558
1960

1655
1658

1664
1969

1871
1578

1651
1655

1960
1663

1620
1524

1967
1672

1919
1524

1645
1947

1651
1653

1643
1647

1618
1519

1911
1913

1634
1634

2C11
2C15

1967
1964

1974
1974

1632
1540

1531
1932

1687
1690

1628
1622

1927
1942

1945
1946

1958
19¢1

1956
1956

19¢7
19€9

1975
1976

1951
1955

1962
1964

1819
1919

1962
1645

1921
1924

1935
1944

1982
1950

1940
1944

1913
1615

1908
1911

1g23
1631

2CC3
2¢cc?

1953
15¢0

1962
1971

1929
1932

1925
1927

1979
1987

1921
1925

16534
164¢C

1939
1544

1651
1957

165C
1652

1562
1666

1968
1672

1549
1655

1656
1659

161¢
1616

1654
1957

1919
192¢

1938
1941

164¢€
1645

1635
1642

1909
151€

1905
1507

1924
1929

169¢
2C€01

1940
1957

1964
1967

1629
1831

1922
1928

168¢C
1983

1620
1624



001

RUN
166

158

159

342

161

160

162

344

156

157

155

189

187

253

341

352

220

SERIFS
40C
30C

4CC
30¢C

4CC
300

40C
30C

4CC
30¢C

40C
30¢

40¢C
30¢C

40C
30¢C

4CC
3aC

4CC
30C

4CC
30C

4CC
3CC

4CC
30¢C

40C
30¢

40C
36¢C

40C
30C

4CC
3Qc¢

4945

2C63

21C3

2112

2C29

2148

2129

2117C

2024

2C€852

2C&8

2€29

L1989

2029

2C54

2081

1994

2087

4845

2061

2102

2112

2029

2149

2127

2168

-0

2049

2067

2026

1932

2028

2052

2080

1990

2088

4€.5

2061

2101

zlig

zC29

z148

127

Z2167

2026

2047

2067

2027

1991

2C23

2052

2079

1390

2086

44,9

2059

2097

2105

2024

214¢

2125

2166

2022

2044

2062

2021

1385

2023

2045

2073

1987

2082

43
2052
2052

2088
2C85

2093
2093

2Clé
2014

2139
2144

2117
2120

2162
2164

2013
2014

20136
2034

2055
2053

2014
2010

1580
1979

2014
2014

2040
2¢37

2065
2061

1978
1976

2071
2065

41
2C45
-

20773
2083

2091
2089

2009
2012

2134
2141

2113
2118

2158
2164

2CCc¢
2011

2028
2030

2041
20417

2C05
201¢

1975
1975

2C07
2011

2032
2033

2057
2Ca0

1970
1975

2059
2062

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

3s
zCz28
2042

2071
2c12

2073
2077

2C00
2Ct2

2124
214C

z1C3
21C8

Zlel
21¢C

16648
2CCC

2Cls
2018

20137
2C38

193y
2CC2

19¢9
1971

1859
2¢C1

2C24
2023

2041
2C48

19¢1
19¢6

2046
204¢

(a) Continued. U.S. customary units

NISTANCE FROM CENTCR-LINE CF SHFELL CLTLET,INCHES

27

20138

2C€8

2C13

20C0

2137

2103

2158

1667

2CL7

2C€27

1669

15¢9

1857

2C21

2C43

19¢2

2042

25

23

31

TEMFERATURES,

2C31
2C32

2Ce2
2C¢€2

2C¢E
2Ce¢

1692
159¢

2115
2135

2€92
2067

2148
2158

165¢C
165¢

2C11
2C132

-C
2C32

1551
1564

1962
19¢€E

1691
1594

-C
2CCe

2C3¢
2C4C

1655
-C

2C3¢
2G37

2C25
203¢

2C55
2058

2069
2065

~C
1594

21l
2131

€86
2093

2143
2155

1586
1692

zCQe
2C09

2022
2629

1986
1690

1956
1962

1988
1691

2C16
2013

2C34
2C36

1549
1955

2028
2032

2c22
2024

2C5¢C
2€51

2C59
2C59

1982
1688

2106
2126

2083
208¢

2136
2148

1971
1987

1556
2CC3

2Q21
2022

1682
16e5

1955
1559

1985
19¢eg

2008
200¢

2028
2032

1948
1951

2022
2026

29

27

25

23

CEGREES FAHREANFEIT

2018
2018

2C45
2C45

2C53
2050

1971
1983

21¢1
2118

2011
2077

2129
2139

1967
1979

199¢
1997

2CLa
2013

1979
1981

1645
1955

1981
1982

1992
2001

2Cl2
2C25

1949
1944

2017
2015

eCl1l
2013

2C3e
2041

2C43
2C44

1674
1578

zC8s
2111

2068
2070

z118
z13e6

1572
187¢

1561
1656

zCC8
zCCs

1674
1678

1648
1953

1973
1578

1967
1665

2C14
zcace

1637
1644

ZCC5
2C1l4

2€01
2C0C

2025
2025

20312
2032

1967
19617

207¢
2093

2C57
2057

2099
2118

1965
196¢

1982
1981

2eee
199¢

1964
1965

1942
1941

19¢¢
1967

1983
198¢

2012
2008

1931
1932

2C0C
1993

1695
2003

2024
2025

2026
2033

1561
1967

2€17¢
2093

2045
2C57

z102
2114

i961
1949

1677
1982

198¢
2Co1l

1955
1967

1937
134C

1962
1969

1985
1986

1999
2006

1929
~C

1695
200C

21

1997

2021

2028

1965

2085

2052

21C5

19¢2

1977

1994

1963

1941

1965

1981

2003

1929

1994

13
1990
1695

2012
2018

2017
2024

1954
1963

-0
2078

-0
2048

2091
2111

1948
1957

1968
1975

1685
1992

1950
1960

-0
1938

1954
1964

-0
1976

1992
1959

1916
1928

1985
1991

17
15¢€8
1590

2010
2014

2C17
201¢

1655
1989

2C49
2068

2C32
2039

2081
2€95

1652
1685

19¢8
19¢9

1984
168¢

1952
1958

1932
1935

1655
1959

16¢8
1971

1590
1664

1921
1927

1983
1987

15
1982
1988

2007
2009

2014
2013

1952
1956

2046
2064

202%
2035

2077
2087

1949
1956

1965
1967

1979
1983

1944
1954

1929
1933

1952
1955

1967
1969

1986
1991

1919
1921

1982
1983

13
1972
1980

1993
2Cc2

1999
2CCs

1939
1951

2C42
2054

2012
2030

2059
2079

1939
1948

1954
1961

1969
1978

1939
1948

1921
1926

193¢
1952

1924
1962

1972
1984

1905
1917

1970
1378

11
1674
1679

1695
2C10

2002
2CC5

1943
1652

2¢31
2052

2C15
2027

2C¢60
2C73

1938
1946

1554
1560

1967
1673

1941
1947

1921
1523

1642
1950

1858
1962

1678
1689

1509
1519

1969
1975

1671
1977

1590
rssa

1598
2C04

1942
1646

2¢27
2C47

2clo
2C24

2C53
2069

1640
1944

1652
1960

16¢6
1574

1639
1646

1621
1527

1540
1651

1651
1960

1616
1680

1613
1516

1965
1975

1971
1974

19€5
1594

1994
1669

1836
1948

2021
2043

2CC4
2019

2C46
20¢4

1937
1944

1944
1955

19€5
1970

19325
1944

1918
1925

1940
1647

1546
1956

1970
1978

15C6
1915

1963
1970

1651
1664

197¢
1581

1978
168¢

1921
1833

2009
2020

1688
2C0C

2029
2042

1923
163¢

163¢€
1946

1652
156C

1923
1635

1904
151¢

1925
1934

1633
1544

1657
1568

1897
1908

1853
1961

1650
1852

1671
1973

1680
1581

1624
1631

2C10
2C11

1586
1691

2C30
2031

1927
1530

1839
1639

1654
1653

1926
1628

1909
1908

1928
1631

1633
1933

1657
1962

1€99
1801

1954
1652

1941
1550

1962
19¢5

1972
1973

1924
1927

1959
2004

19€7
19e6

2C15
2021

1925
1923

1334
1937

1946
1948

1921
1925

19C4
19¢7

1925
1928

1926
1934

1952
1956

1893
1896

1951
1946

1942
1947

156C
1864

156€
1971

1922
162¢€

1595
2002

1975
1981

2012
2018

1921
1621

1829
1931

1943
1947

1921
1924

1906
1907

1821
1625

1925
1933

1948
1953

1893
1899

1943
1549



@ggy‘

101

221

219

224

222

250

223

225

226

227

228

229

231

340

289

230

218

217

215

214

212

213

210

211

40C
36C

40C
ELo

400
30¢C

4cc
30¢

4CC
30¢C

40C
30C

40C
30C

40¢C
3oc¢

40C
36¢

40C
3cC

400
30C

40C
30¢C

4CC
30C

4CC
3¢cC

40¢C
3G6C
4CC
30¢

4GC
3ccC

40C
3CC

40C
30¢c

40C
30C

4CC
30C

4CC
30¢

40C
30¢

2092

2060

2CE7

<C89

2C63

2CS0

2Cs0

2086

2091

2091

2090

2091

2cel

2085

2€83

2C79

2C80

2135

2123

2122

2121

21C9

2111

2088

2090

2090

20R9

2090

2090

2091

2087

2089

2087

2089

2089

2080

2053

2088

2077

2079

2132

2131

2122

2122

21¢8

2107

2089

2089

2087

2039

20791

2090

2C90

«Ca7

2089

2084

2¢389

2088

2078

2053

2C89

2078

zC17

2131

2131

zZ120

2120

2105

2106

2080

2080

2081

2081

2081

2082

2081

2081

2082

2082

2083

2083

2072

2nge

2078

2072

2126

2131

2118

2119

2107

2068
2C67

20£8
2C¢6

2C€9
2C62

2069
26

2C69
2046

2067
-0

2CE9
2068

2068
2068

207¢C
2070

2070
2067

2C¢€9
2067

2C7¢C
2069

2062
2C59

2034
2034

2Ce9
2C69
2074
2077

2Cé3
2063

2116
2113

2129
2123

2115
2119

2112
2118

2102
2106

12095

2104

2097

-C
20e2

20¢eC
2062

2C5¢
2C62

205¢%
2C62

2057
2060

2060
20¢&1

2C5%
2062

2061
2063

2062
2064

2062
2066

20¢€C
2063

2Ce61
2063

20532
2C52

2024
203¢C

206C
2063

2068
2077

2053
2057

21C7
2112

2129
2133

2111
2119

2109
2i1eé

2099
2104

2088
2098

zCa?
2047P

2C4¢c
2049

2Cat
2C47

2042
2CEC

2047
2CEC

2C5¢C
2C%3

2C49
2C53

2Ca¢
2€33

2C49
2CE3
204

-C

2C49
2052

2C81
2052

2041
2Cal

2Cle
ZC2c

2049
2C52
2061
2C€7

2C44
2Ca1

2CS65
2Cs3

2124
2129

21C4
2114

21cC
211¢

2051
208¢

2082
2091

2Ch44

2C44

2043

2047

2C42

2047

2C46

2049

2C48

2C51

2C46

2€45

2C3¢

2C13

2C47

2C¢e4

2C45

2082

2126

21C9

21C8

2Cs5

2089

2032
2031

2C3z
2C3¢

2C34
2C3¢

2C34
2C3g

2034
20131

2C3¢
2041

2C41
2C41

2C4¢
2042

2C5¢C
2C48

2C44
2045

2C37
2CaC

2C3¢
2C41

2028
2c32

2CCe
2CCEe

2C37
2C43
2C55
2Cel

203¢
2C41

2ce2
2C83

2124
2128

2054
21ce

2C92
21C¢

2Ces
2C92

20717
2C84

2C2R
2032

2C3¢C
2031

z¢28
2C€30

2G3c
2C34

zC27
2C33

2033
2038

2034
2C37

2C33%
2038

2633
2C41

2¢41
2C4C

Z€32
2035

zC33
2G38

2026
2029

2009
2€05

2031
2C4C
2055
2¢55

2031
2038

2076
20748

Z119
2123

2C90
2103

2089
z1C4

2082
2089

2071
2¢80

2018
2028

2C23
2027

2C21
2025

2025
2C27

2022
2027

2027
2031

2027
2032

221
2032

2029
2034

2C3¢
2035

2027
2029

2027
2¢33

2c21
2C22

1595
2CCO

-C
2032
2645
2048

2026
2031

2C69
207¢C

2119
2119

2Cs5C
2098

2G85
2¢98

2079
2083

206¢
2074

2C16
2017

2C15
2017

2C13
2015

2C19
2621

2CL4
2017

2C22
2024

2021
2C22

2021
2026

2014
2025

2029
2028

2€22
2024

-C
2025

2CC5
2C13

1986
1996

2C21
2027
2C39
2C40

2017
2024

2659
2063

2115
2114

2018
2089

2C80
2090

2072
2074

2063
2069

2CCé
2C13

zCcs
€12

2(C3
zC1c

zcce
¢Cl3

ces
2C13

13
2c2¢

zC1s
ZC1¢

2C15
ec2¢

2C16
€21

ec22
«C22

2C17
zC21

2C18
2026

zCC7
2C1C

1585
166¢C

€12
225
€30
2¢38

zC12
eC21

2052
2C58

zllce
Z11¢€

2075
2084

2673
2C83

zC62
2c71

iC56
2065

1999
2cec

2C03
2C01

1998
1693

2C02
2Cc0¢

1695
2C01

2C07
2C0e

2C03
2C03

20071
2C0¢€

2C0¢
201¢C

2014
2C1cC

201¢C
2011

2C13
2013

1996
2C0C

197¢
1977

2011
2013
2022
2024

2C0¢
2008

2048
20412

2118
2€97

2063
2071

2G62
2667

205¢
2C59

2049
2051

1974
1595

1695
15498

1992
199¢

1895
2C01

1694
2602

1696
2007

2C02
2C06

2001
2¢07

2004
200¢&

2013
2€09

2008
2013

2013
Z2017

199¢
2C00

197¢
1979

2C0E
2018
2018
2023

iCo4
2009

204¢
2045

2099
2098

2058
2¢71

2061
2C7C

2053
2059

2045
2051

1996

1997

1995

1998

1995

2000

1999

2€02

2CC2

2C05

2012

2015

1994

1976

2013

201¢

2004

2039

2€90

2065

2C62

2053

2047

1979
1992

1982
1989

1985
1989

1985
1992

-0
1931

1690
1998

1991
1397

1583
1998

1991
1959

20C1
20C0

2005
2013

-0
2018

-0
1994

1965
1973

2¢cc2
2017
2€03
2013

199¢
1999

2028
2034

-0
2087

2048
2062

2049
2060

2038
2050

2033
2043

1581
198¢

1982
1987

1979
1585

1982
1589

1984
1987

156¢C
1992

16¢€s
1591

19¢&39
1695

1591
1693

2CCOo
199¢

2¢13
2C12

2012
2C1e

1985
15¢e8

-
19¢9

2CCe
2016
2C14
2CCs

1661
1666

2025
2C29

2083
2081

-C
2056

2049
2653

2041
2046

2034
2039

1977
1984

1678
1983

i978
1979

1979
1985

1979
1984

1982
1990

1985
1989

1987
199¢C

1987
1992

1993
1994

2007
2013

2011
2013

1879
1988

1960
1968

2017
2019
2002
2008

198¢
1996

2021
2024

2077
2077

2039
2050

2043
2051

2036
2043

~C
2033

1968
19175

1963
1975

19¢7
1975

1370
15178

1967
1979

1374
1982

1972
1980

1974
19¢4

1976
1983

1983
1984

2004
2C06

20C4
2016

1970
1981

1952
1960

2002
2015
1992
2002

197¢
1991

2CCs
2020

2C¢sS
2072

2024
204¢€

2034
2Gae

2023
2037

2016
2027

1366
1977

1568
1677

1668
1675

1968
1578

1564
1676

1972
1580

1673
1679

1670
1983

1971
1682

1682
1584

-C
2¢as

2C07
2015

1967
16€0

1852
15¢1

2¢02
2015
1895
2C04

1578
1994

2C11
2022

2Ce3
2C67

2029
2044

2033
204C

2020
2034

2C16
2025

1965
1575

1564
1972

1568
1571

1567
1576

1967
1676

1971
1679

1968
1578

1672
1680

1671
1578

1579
is82

2C06
2010

2€09
2017

1568
1576

1652
1659

2C06
2017
1695
2004

15982
1595

2014
2C24

2059
2064

2C24
2037

2C29
2038

2021
2C30

2014
2024

19¢3
1970

19¢3
19170

1960
197¢

19¢4
1370

-0
1971

1967
1875

1966
1975

19¢6
1978

19¢8
1976

1975
1978

2cce
2€Cs

écce
2017

1965
1875

1948
1958

2005
2016
2C06
2¢c3

1s84
1562

2C15
2023

2056
2059

2024
2035

-0
2023

-0
2027

2010
2020

1647
1661

1648
1661

1647
1656

164C
1662

1651
1656

1655
19632

1952
1863

1656
1664

195¢
196¢

1662
197¢C

1692
2002

16592
2C06

1651
1665

1935
164€

1995
207
1987
2C01

1978
169¢C

2C08
2C19

2034
2044

2007
2019

2C11
2022

2001
2C12

1696
200¢

1948
1551

1947
1552

1548
1950

1650
1550

1§51
1953

1855
1857

1956
1956

1655
1958

1656
1958

1958
1962

1987
1988

1699
2001

1656
1960

1938
1938

2€01
2001
1993
1694

1984
1986

2C11
2017

2035
2036

2011
2014

2Cl4
2016

2C00
202

1998
1598

1946
1951

1947
1952

1947
1950

1945
1950

1948
1952

1947
1952

1945
1952

1948
1954

1949
1956

1952
1957

19¢€8
1990

1890
1994

1952
1955

1937
1940

1594
1995
1992
1996

1981
1983

2ctcs
2022

2023
2026

2004
20C8

2CC5
2007

1993
1897

1990
1989

1943
165¢C

1941
154¢

1943
1845

1544
1949

1644
1548

1945
1652

1846
195¢C

1645
1953

1648
195C

1951
1655

1983
1986

199¢C
1988

1648
1853

163¢
164¢C

1991
1691
1988
169¢C

1978
1978

2008

2011

2C19
2023

1598
2003

1997
2004

1988
1693

1987
1894



01

RUN
209

216

204

208

200

203

205

201

202

207

199

195

196

198

197

338

" e

SERICS
4CC
30C

4CC
3¢C

4GC
30¢C

4CC
3¢C

4CC
30C

4CC
30C

4CC
36C

4CC
3cC

40C
3CC

40C
3cC

4CC
30C

4CC
3cce

4CC
3cC

40C
30C

4CcC
36C

4CC
3acC

46.5

2C34

2056

2189

2154

2096

2171

2180

212¢

21%4

2152

2663

2C€C

21C1

2163

2120

2148

48.5

2081

2054

2138

2152

2093

2169

2119

2113

2151

2150

20¢l

2C60

2099

2160

2129

2155

4€6.5

20132

2C55

éL38B

2152

2092

z167

2179

Zn6n

2¢579

7C98

216N

el28

Z1he

44.9

2017

2051

2188

214¢

2088

2166

2175

2112

2144

2145

2055

2055

2091

2151

2123

2152

43
2067
2066

2042
2044

2162
2185

2137
2136

2079
20%7

2157
2155

21e9
2170

Z1cl
2101

2134
21131

2134
2134

2047
2C45

2044
2046

2CR3
2079

214C
2136

2111
21Ca

2141
2140

a4l
2061
2C65

2038
204G

2185
2182

213C
2133

2672
2013

2147
215¢

21¢4
2168

2064
209¢

2125
2129

2125
2128

2¢40
2042

203%
-C

2075
2CT¢

2127
2132

2102
21C5

2132
213¢

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

(a) Concluded. U.S. customary units

DISTANCE FROM CENTER-LINE OF SFELL CLTLET,INCHES

35
2C83
2C37

2c1c
2C31

2172
2178

212¢C
2124

2063
ZCk4

2141
2144

2155
21¢€2

2Cee
287

2117
2118

2114
211e

zC133
2034

2029
2C32

2C&S
iCee

2119
2119

2¢s2
PLCE]

2122
2124

2029

2174

2119

2C€2

214C

2157

2082

2113

2115

2022

2C13¢C

2C¢t

2113

2CER

2121

35

23

31

TFVPERATLRES,

-C
2CsC

2024
2C2¢

21¢&4
2171

21¢Cs
2114

2C5¢
2C51

213C
21122

2145
2154

2C T4
207¢

2112
21ce

211¢
21cs

2Cc21
2021

-C
202¢

2C54
2C5¢

21Cc¢
2107

207s
2Cg?

2111
211¢

2C4l
2C47

2C22
023

2159
2166

z1Co
2l

2C52
AVER

<124
2129

z138
2141

2066
2074

2098
2103
2099
2165

ZCLE
2C24

2017
2024

2046
zCs1

2€96
2102

2074
2CT8

2110
2113

2C39
2043

2C17
2021

2168
2161

2C68
2103

2048
2C49

2118
2123

2133
214C

2065
20¢8

2€S5
2096

2CS1
2€SS

2¢21
2c20

2015
202¢C

2045
2047

2¢s¢e
2CS5

20€9
2¢12

21C5
zice

23

27

25

23

DEGREFS FAHREMN-EIT

2C35
2039

2C12
2016

2145
2152

2C33
2096

2043
2¢37

2112
2115

2124
2131

2060
2C62

2091
2C9¢C

2C8S5
2C91

2C16
2016

1598
2011

2041
2C41

2086
2687

2C64
2C¢€5

2089
21C1

zC29
2034

2¢Cs
zC12

2134
z147

Z0E4
2csc

2C3¢
2¢aC

z1Ca
z1CS

2115
z124

zCs3
2C57

zCd2
2084

2C78
zCe?

Clc
2C13

20C3
2C1¢C

202¢C
2021

2002
2GC1

2124
212¢

2074
201s

2028
202¢

2092
2093

2105
21ce

2044
2044

2072
2065

2065
2072

2C0e
2CocC

1997
199t

202¢
2024

2C617
266¢

2C44
2C41

2082
2084

2018
2024

1837
2004

2118
zl21

2ChS
2076

2C22
2027

204d¢
2091

2101
2105

2041
2046

2Ch17
2CT1

2064
2071

1938
2003

1594
201

2Cls
2024

206¢C
2C6¢

2035
204¢

2075
2686

21

2c17

2¢Co

2117

2067

2022

2c87

2098

2016

2C€3

20¢4

1696

1696

2020

2C&1

2C83

19

2C09

2017

193¢0
1968

~0
2112

2057
2064

2011
2020

2C91
2081

2083
2C93

2022
2034

-0
2C60

-0
2061

1992
1936

1985
1992

013
2017

2C50
2058

2030
2037

2072
2082

17
2CC8
2C11

191
1993

2C98
21C¢

2055
2058

2C13
201¢

2C¢9
2677

2Ces
2087

2€21
2C31

2054
2Cs5

2652
zCse

1994
1953

-0
1991

2C13
2C13

2CES
2053

2030
2023

2073
2074

15
2004
2608

1986
1994

2096
2101

204%
2054

201¢C
2014

2067
207¢C

208C
2081

2023
2029

2050
205C

2048
2052

1984
199¢C

1983
1990

2C07
2011

2043
2048

2026
2C3c

2068
2074

13
1992
2CC3

1915
1986

2078
2C92

2037
2048

1997
2€C?

2052
2063

2Ce2
2074

2612
2022

2C3¢
2C44

2034
2044

1976
1985

1974
1985

1595
2CCé

2C29
2042

2011
2023

2C56
20¢7

11
1692
2¢Cl

1976
1987

2C8C
2089

2€35
2C45

1698
20086

2C54
2ce1

2C62
2€72

2cCs
2021

2034
2C41

2C35
2C42

1974
1983

1673
1982

1669
2CC4

2032
2C40

2C15
2022

2061
2C72

1592
2Cco

1574
1584

2C73
2C86

2034
2C41

1566
2006

2C49
2059

2062
2Ce7

2CC9
2018

2C22
2039

2C30
2C40

1976
1582

1674
1582

1698
2C03

2028
2C39

2C11
2C21

2063
2C69

1590
1996

15¢€9
19€1

2C¢é3
2019

2029
2036

1993
2¢01

2044
2C84

2054
2Cel

2CCs
2015

zc2e
2035

2C27
2C35

1974
1680

1973
1980

1634
2CCo

2024
2034

2c08
2017

2C¢3
-G

4.1
197¢
1988

-0
1973

2058
2064

2C14
2023

158C
1592

2028
2C39

2039
2045

1694
2004

2C12
2021

2C13
2023

1961
1671

1961
is72

1979
1691

2C0§
2C21

1594
2007

2C54
2C6¢

2.5
1979
1980

1558
1964

2054
2C57

2016
2016

1678
1986

2028
2C31

2038
2039

1996
1696

2013
2Cl4

zC13
2014

1963
1965
1965
1566

1982
1985

2C12
2C15

1595
1669

2054
2C60

1970
1976

1958
19¢3

2044
2048

2004
2010

1975
1981

2017
2c22

2021
2031

1986
1992

20¢2
2008

2ce5
2007

1958
1963

1961
1964

1980
1983

2cc2
2009

1993
1967

2058
2Cel

~0.5
1971
1974

155¢
156C

2038
2044

2004
2008

1672
1679

2C1S§
2022

2022
202%

1986
1991

2C01
2C07

2€02

2C07

1958
1962

1959
1963

1978
1967

2C02
2010

1689
1693

2054
2C5¢



€01

337

339

336

334

335

332

333

331

329

330

328

327

40C
30¢C

40C
30¢C

4CcC
30C

40C
3cC

4CC
36¢C

4CC
30C

40C
30cC

4GC
3c¢C

40C
3CC

40C
30C

4CC
30C

4CC
3¢¢

2174

2142

2174

2150

2152

2122

2124

21C5

2147

2C10

2133

2121

2172

2142

2174

2150

2148

2131

2132

21C5

2142

2C01

2129

212C

2172

2145

2173

2148

2148

2131

131

e1ns

2143

2006

2130

Z2119

2167

2136

2168

2144

2142

2128

2128

2101

2137

20C¢E

212¢

2114

2156
2155

2126
2126

2158
2160

2137
2136

2132
2131

2122
2121

2123
2122

2095
2C95

21130
2128

2CCS
20C5

2116
2116

2103
21CS

<147
~C

2116
2121

2151
2155

2130
2133

2125
2128

2115
2119

2117
2118

2087
2089

2131
2127

2CCC
2CC3

z110
2114

2097
210C

2132¢
2138

21C9
2114

2144
2144

2121
2123

2117
2118

21C5
21c¢9

21ce
211t

zCel
2C83

2113
2115

165¢
20C2

21C4
21C4

20g¢
2062

2134

21C9

2140

-0

2114

21C6

21c8

2C81

2112

2CC3

2102

289

2124
2128

21C2
21C5

2132
21317

2114
2118

2107
21CS

~C
21C4

2101
21C¢

2C74
2078

21¢C4
21¢3

169¢
2CC1

2C€92
2081

2cec
2ces

2122
2126

2098
2102

z131
2134

2111
z117

Z104
z10as

2096
z103

2095
z105

2c72
2017

<099
z106

196¢C
2C01

zC92
2C94

2074
2C8C

2116
2120

2Cs2
2C95

2125
2131

211C
2112

21C¢C
21c2

2CG4
2Cs8

2102
2Css

2C€9
2071

2102
2CS9

1556
2CC0

208
2092

20¢¢8
2073

21C1
2113

2C8¢0
2091

2114
2125

2095
2106

2087
2096

2083
2092

2083
2093

2058
2068

2C84
2095

1987
1997

2075
2087

2058
2071

21C4
2111

2c82
zce?

2116
z121

2057
2105

zCcee
2CS1

2ce4
2ce?

2089
2¢s¢C

2061
206

2084
2€S83

1856
1538

2C7¢6
2Cg2

et
20¢6

260C
209¢

2074
2074

210e
210¢

2088
209¢C

2C8C
2¢8¢C

207¢
2071

207¢
2071

2055
2654

207¢
2078

1991
1984

207C
2065

265¢C
2052

2090
2096

2671
2C77

2102
2108

2087
2092

2C117
2080

2CT4
2082

2075
2081

2053
2057

2077
2081

1989
1893

2066
2072

2C4e
2657

2090

2072

2105

2087

2078

2078

2C76

2053

2079

1994

2070

2C50

2079
2092

2061
2070

2101
21C4

-0
2085

2073
2076

2067
2075

2C¢6
2072

2045
2051

2064
2074

1983
1992

2056
20€5

-0
2041

2082
208¢é

2065
2C¢¢

2093
2097

2078
2082

207C
2C73

20€8
2C71

20€4
2069

204t
2050

-C
2C71

-0
1695

2056
26¢€2

2040
2054

2079
2084

2060
2066

2089
2095

2074
2080

2068
2073

2065
2070

2063
2068

2044
2050

2063
2070

1989
1994

2055
2063

2037
2046

2Ce7
2078

2052
20¢0

2017
2085

2064
2073

2057
2069

2054
20¢€4

20¢c4
2063

2035
2043

20¢t1
2063

1979
1990

2042
2C5¢

2025
20137

2068
2c80

2C53
2C63

2078
2C87

2064
2072

2062
2072

2CE5
2064

2C53
2C61

2C35
2C44

2€56
2C63

19€3
1691

2046
2C55

2024
2037

2CT70
2079

2Cs5
2c62

2C15
2c83

2063
2C69

2068
2c70

2054
2061

2C51
260

2C36
2C4l

252
2C60

1586
1591

2C46
2€53

2027
2C35

2C12
2078

20¢2
2C¢€1

2C71
z0el

2059
2C¢€7

2063
2072

2050
2059

2050
2057

2C33
2041

2048
2059

16€5
1960

2042
2052

2024
2032

2C64
2075

2C44
2058

2C59
2071

2047
2057

2C53
2068

20C3¢
2046

2038
2C45

2C21
2034

2039
2048

1577
1986

203¢C
2C43

2C12
2022

2068
2070

2C50
2051

2058
2062

2050
2051

2056
2064

2041
2044

2C44
2C43

2025
2027

2044
2043

1881
1982

2032
2038

2c15
2C17

2068
2070

2051
2055

2055
2059

2046
2045

2052
2062

2037
2040

2037
038

2023
20217

2040
2043

1983
-0

2033
2C36

2013
2016

2063
2067

2048
2050

2050
2055

2042
2042

2055
2058

2034
2038

2033
2036

2020
2025

2035
2039

198C
1984

2C29
2033

2009
2C12



701

RUN
85

82

115

83

84

74

113

112

114

50

49

73

46

12

44

111

108

SERIES
40C
30C

40C
300

400
30C

40C
30¢C

40C
30¢C

4CC
300

40C
30C

40C
36C
4CC
30¢C

4CC
306

40C
3cc

40C
30C

40C
300

4006
30C

40C
300

40C
30c

400
300

126

1322

1330

1325

1332

1338

11325

13C¢9

13¢6

1314

1350

1349

1327

1349

1328

1348

1354

123

1321

1329

1324

1331

1337

1325

1312

1348

1348

1327

1347

1327

1347

1359

13355

L8

1321

1328

1324

1332

1336

1326

1307

1306

1313

1349

1347

1326

1347

1326

1346

1357

135¢

114

1323

1329

1325

1329

1334

1322

1306

1306

1312

1345
1348

1344
1349

1319
1324

1344
1348

1321
132¢

1342
1347

1357

1353

109
1321
1323

1328
1328

1323
1325

1326
1326

1330
1328

1317
1313

1302
1302

1301
1305

1308
1309

1347
1348

1347
1348

1320
1319

1346
1347

1320
1322

1345
1344

1354
1355

1351
1352

104
1321
1321

1324
132F

1324
1325

1321
1323

132¢
1327

1311
1312

1298
1302

1300
1304

1307
L3C7

1344
1344

1346
1348

1317
1320

1344
1347

1319
1321

1342
1343

1352
1352

1347
1351

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

59

L131e

1318

1318
1319

1322
1325

1317
1316

1318
1319

13¢5
130¢

1235
1297

1296
13C1

13¢3
13c2

1342
1347

1345
1346

1312
1316

134C
1344

1315
1318

1338
1337

1346
1348

1343
1349

S4

13co

13¢3

1346

1313

1344

1315

1234

1347

1348

€9

21ic

1214

1313
1214

1323
1324

13¢9
1312

1312
1314

12¢C
13c1

1292
1295

1264
1298

1268
13cC

114C
1244

1344
1244

1307
1311

133¢
1342

1212
1315

1343
1344

1238
1346

84

TEMPERATURES,

1310
1312

1311
1312

1324
1325

1307
1309

1310
1312

1296
1298

1290
1292

1292
1295

1299
1298

1337
1342

1343
1343

1305
1309

1336
1340

1310
1313

1330
1331

1340
1342

1335
1344

78
0
1307

]
13C8

1324
1324

13¢5
1305

1307
1308

1295
12§85

1289
1291

129¢
1295

1298
1297

1334
1340

0
134¢C

1304
1306

1333
1337

13C9
1311

]
1329

1337
1339

1335
1340

(b) SI units
DISTANCE FROM CENTER-LINE CF SHELL CLTLET,CENTINETFRS

74

1300

1302

1304
1303

-0
1321

1296
1300

1303
1304

1231
1292

1288
1289

1289
1291

1294
1235

1332
1333

1339
1336

1300
1301

1331
1333

1305
1306

1325
1324

1337
1334

1328
1336

69
1258
1301

12¢8
1362

1322
1322

1256
13C0

12C3
13¢2

12¢8
1291

1284
1287

C
1287

c
1261

1297
13Co

1327
1231

13C1
1263

1322
1323

1329
1331

1324
1335

64

1294

1294

129¢
129¢

1313
1315

1293
1293

1295
1295

1283
1284

1281
128¢C

1281
1284

1287
128¢

1325
132¢

132¢
1328

1292
1294

1323
1323

1297
129¢

1317
1315

1323
1324

1313
1326

58

OEGREES KELVIN

1292
1296

1293
1296

1316
1318

1291
1293

C
1296

1281
1285

1279
1283

1279
1285

128¢
1285

1321
1327

1325
1329

1291
1296

1318
1324

1296
1298

1315
131e

1322
1326

1317
1326

53

1290

1290

1315

1289

1293

1281

1280

1281

1284

1325

1325

1292

1319

1296

1314

1320

1322

48

-0

1289

1286
1291

-0
1316

1284
1289

1286
1291

1277
1280

1276
1278

1276
1280

1279
1284

1313
1323

-0
1323

1285
1290

-0
1319

1291
1295

1309
1311

1316
1320

1369
1320

43
1264
128¢

-0
1290

1310
1311

1285
1286

0
129¢C

1281
1279

1275
1217

-0
1278

1280
1282

1313
1318

1319
1319

128¢
1287

1312
1314

1290
1290

1308
1308

131¢
1316

1310
1316

38
1283
1287

1285
1288

1307
1309

1285
1286

1286
1289

1275
1278

1273
1276

1274
1276

1279
1281

1312
1316

131¢
1317

1285
1286

131¢C
1313

1287
1288

1306
1307

1313
1314

1308
1314

33

1279

1286

1288
1285

1302
1306

1280
1284

1281
1287

1269
1277

1267

12¢8

1274

1275
1277

13¢5
1312

13C9
1313

1279
1283

1302
1308

1282
1286

1301
1304

1307
1310

1302
1310

29
1279
1286

1281
1287

1300
1305

1281
1285

1283
12e8

1272
1276

1266
1272

1268
1273

1274
1217

1304
1312

1309
1213

1279
1282

1202
1307

1283
1283

1300
1203

1306
1309

1300
1309

23
1283
1285

1284
1287

1299
1302

1283
1285

1285
1288

1275
1277

1268
1272

1268
1273

1273
1278

1203
1210

1208
1210

1277
1281

1201
1304

1282
1299
1200

1305
1309

1299
1306

18
1283
1285

1284
1288

1297
1300

1284
1285

1283
1288

1274
1277

12¢6
1270

1268
1270

1272
1274

1301
13¢7

1305
1308

1275
1280

1269
1303

1280
1284

1295
13C0

13¢3
1304

1296
13¢5

10
1278
1284

1279
1285

1287
1293

1278
1284

1281
1286

1269
1275
1265

126C
1266

1265
1271

1294
1298

1298
1302

1269
1275

1291
1296

1271
1276

1288
1293

1294
1299

1290
1296

6o
1281
1282

1282
1282

1286
1286

1280
1283

1283
1284

1271
1275

1261
1263

1259
1263

1265
1267

1296
1294

1293
1294

1272
1272

1289
1290

1270
1273

1288
1289

1295
1296

1290
1291

1281
1282

1282
1283

1280
1281

1281
1281

1282
1284

1270
1274

1256
1260

1259
1260

1263
1263

12¢€8
1292

1290
1293

1269
1268

1285
12¢€8

12¢€8
1269

1284
1285

1290
1281

1284
1289

-1.3
1276
1280

1281
1283

1279
1279

128¢C
1279

1281
1283

1272
1273

1258
1258

1257
1259

1262
1262

1287
129C

1288
1291

1267
1268

1284
1286

1268
1268

1281
1282

1287
1288

1284
1287




7

107

106

110

109

33

21

70

41

32

62

60

61

24

69

68

59

58

104

G01

400
300

400
30C

40C
300

400
30¢C

400
30¢

400
300

400
30¢C

400
300

400
300

40C
300

40C
300

40C
300

4CC
30¢C

400
30C

400
300

400
3o0C

400
300

40C
300

40C
30¢

40C
30¢C

40C
300

40C
300

40C
300

1325

1347

1315

1354

1359

13438

1332

1327

1350

1347

1348

1347

1414

1346

1403

1407

1347

1325

1391

1413

1390

1326

1347

1314

1353

1359

1347

1330

1326

13473

1347

1347

1346

1413

1344

1401

1406

1345

1325

1301

1396

1389

1411

1348

1325

1346

1313

1353

1358

1346

1336

1325

1349

1346

1347

1346

1412

1344

1402

1407

1345

1325

1301

1396

1389

1411

13897

1318
1323

1344

1311

1350

1352

1341
1345

1328
1330

1319
1323

1341
1345

1338
1341

1341
1345

1340
1344

1407
1412

1337
1341

1396
1400

1403
1406

1336
1343

1318
1322

1296
1299

1390
1395

1383
1387
1410

1330
1334

1317
1319

1339
1339

1307
13C6

1345
1344

1346
1344

1340
1339

1325
1324

1315
1316

1338
1335

1336
1332

1340
1338

1338
1337

1410
1411

1335
1332

1397
1396

1403
1403

1340
1337

1315
1315

1292
1293

1391
1391

1380
1381

1406
l408

L1379
1380

1314
1318

1334
1337

1304
1304

1341
1344

1340
1341

1337
1337

1323
1324

1312
1309

1331
1334

1330
1332

1335
1336

1333
1334

1410
1411

133¢
1331

1395
1396

1462
1404

1336
1336

1312
1313

1293
1293

1388
1391

1376
1381

1403
140¢

1373
1376

13¢9
1314

1331
1332

1299
13¢0

1335
1338

1334
1333

1332
1331

1320
132¢

13C8
1310

1326
1328

1323
1323

1331
1331

1328
1329

1406
1408

1323
1324

135
1391

1399
14CC

1333
1331

1397
1307

1237
129¢C

138C
1397

1371
1374

1401
143

1370
1372

1311

1329

1299

1237

1230

1329

1319

1307

1324

1222

1230

1328

l4Cs

1322

1388

1399

1330

13Cé

1287

1384

1371

14C2

1269

1307
131i¢

132¢
1326

1295
1297

1231
1235

1325
1327

1327
1325

1317
1315

1303
13C4

132¢
1322

1218
1316

1325
132¢

1225
12325

1405
1407

1317
1318

1387
1384

139¢%
139¢

1329
132¢

1303
13C4

1284
1285

137¢
1381

13638
1367

129¢
1369

1363
13¢7

1304
1307

1325
1326

1294
1294

1327
1331

1321
1325

1325
1325

1316
1315

1300
1304

1316
1323

1314
1315

1323
1325

1321
1323

1403
1406

1315
1317

1381
1383

1392
1393

1326
1326

1298
1300

1282
1284

137¢C
1378

1364
1365

1393
139¢

n
1364

1302
1305

1324
1323

1293
1293

1325
1329

1321
1321

1322
1321

1314
1313

1298
1301

1313
1315

1311
1313

1321
1323

1319
1321

1401
14G2

1313
1313

1378
1378

1389
1389

1324
1323

1297
1297

1282
1282

1369
1375

1357
1360

1389
1393

1356
1362

13C0
1303

1311
1319

1291
1289

1323
1327

1315
1317

1320
1317
1309

1295
1297

1311
1313

13C2
1310

1318
1320

1317
1317

1336
1397

1306
1311

1375
1373

1384
1345

1324
1321

1295
1296

1278
1281

1364
1368

1354
1356

1385
1387

1353
1357

1296
13c0

1315
1317

12886
12¢8

1319
1325

131C
1315

1316
131¢

1309
13Cs

1292
1296

13C8
1310

13C5
1308

1311
1317

1314
1316

1391
1365

1306
1308

1369
1371

1378
1382

1321
1319

1252
1294

12771
1278

1360

1367

1355

138C
1384

1349
1354

1291
1293

131¢C
1311

1283
1283

1315
1316

1304
1307

1313
1309

1304
1302

1290
1288

1302
1302

1302
1295

1312
1310

-0
1308

1384
1385

1302
1301

1364
1361

1372
1372

1316
1314

1287
124¢

1271
1273

1354
1358

1345
1344

1375
137¢

1343
134¢

1291
1295

1308
1312

128¢
1283

1313
1318

1302
1308

1308
-C

130¢€
1301
1289

1301
1304

130¢C
1301

1308
1311

1307
1308

1382
138¢

130¢
1303

1362
1362

1369
1372

137
1317

1285
1288

1271
1275

1352
1357

1341
1347

137¢
1376

1343
1349

1291

1309

1280

1315

1304

1308

1301

1287

1299

1299

1307

1306

1381

1300

1358

1369

1316

1285

1272

1354

1342

1371

1345

1287
1289

1303
1307

-0
1280

1307
1313

-0
1302

1304
1307

1296
1300

1282
1286

1295
1300

1301
1297

1301
1306

1301
1304

1373
1379

1295
1300

1352
1355

1359
1365

-0
1316

1282
1283

1265
1273

1340
1351

1332
1340

-0
1369

1339
1347

1286
1287

1301
1304

1276
1277

~0
1311

1297
1299

1304
13¢4

1296
1296

1280
1283

1298
1298

1295
1296

1303
1305

1301
1302

1370
1373

1294
1296

1351
1351

1358
136C

1314
1317

12890
1282

127¢
1270

1343
1346

1333
1337

1362
1365

-0
1343

1283
1285

1299
1304

1275
1277

1304
1309

1297
1298

1302
1302

1295
1294

1279
1283

1296
1297

1295
1296

1300
1304

1299
1300

1366
1369

1295
1295

1348
1349

1355
1358

1313
1319

1278
1280

1268
1279

1341
1344

1331
1336

1359
1362

1338
1344

1277
1281

1294
1301

1270
1274

1297
1305

1291
1295

1295
1300

1287
1292

1274
1278

1290
1296

1289
1294

1293
1299

1292
1296

1360
1367

1288
1295

1340
1345

1347
1354

1310
1315

1213
1276

1263
1267

1332
134}

1323
1331

1349
1358

1334
1341

1278
1281

1293
1298

1268
1272

1298
1303

1293
1298

1297
1298

1288
1290

1272
1277

1292
1294

1291
1295

1233
1258

1292
1295

1358
1362

1291
1296

1341
1341

1347
1351

1313
1218

1273
1276

1264
1266

1332

1335 12

1223
1329

1351
1356

1336
1342

1277
1280

1292
1297

1269
1272

1297
1302

1296
1298

1296
1296

1287
1289

1274
1278

1294
1297

1294
1295

1294
1298

1292
1294

1354
1360

1294
1296

1237
1342

1244
1349

1215
1217

1273
1277

1264
1268

1231
1220
1328

1348
1254

1238
1243

1274
1278

1291
1296

1271
1271

1294
1299

1295
1299

1293
1295

1285
1289

1272
1276

1294
1297

1291
1295

-0
1295

1291
1293

1350
1357

1292
1296

1334
1339

1341
1347

1313
1318

1270
1274

1262
1265

1321
1335

1320
1325

1345
1321

1337
1342

1269
1285
129¢C

1261
1268

1289
1293

1289
1296

1291
1287

1278
1282

126¢
1271

1291
1294

1291
1292

1283
1288

1285
1287

1342
1347

1289
1294

1327
133¢C

12332
1336

1308
1313

1266
1270

1259
1262

1318
1324

1313
1317

1237
1342

1332
123

1269
1271

1287
1287

1263
1264

1289
1290

1293
1296

1285
1285

1277
1278

1267
1268

1290
1293

1290
1291

1284
-0

1284
1283

1341
134]

1289
1290

1225
1326

1233
1232

1308
1209

1266
1267

1258
1260

1220
1220

1214
1315

1236
1237

1231
1232

1266
1268

1282
1281

1261
1263

1283
1286

1293
1295

1282
1282

1274
1276

1264
1267

1291
1291

1289
1290

1279
1282

1282
1282

1332
1335

1291
1292

1318
1320

1324
1328

13Cé
13C9

1264
1265

1255
1258

1314
1317

13C7
13C9

1329
1323

33
1235

1266
1267

1281
1281

1260
1261

1285
128¢

1292
1293

128¢C
1280

1272
1275

1263
1265

129¢C
1291

1289
1290

1278
1281

1279
128¢C

1330
1333

1288
1289

1317
132¢

1322
1326

1305
1308

1264
1266

1257
1259

1311
1314

1306
1309

1328
123C

1330
1333



901

RUN
63

66

103

105

25

102

78

65

56

57

19

52

51

101

39

55

31

SERIES
40C
300

40C
300

40C
300

40C
30C

400
300

400
30C

40C
300

40C
300

400
30C

4GC
30C

400
30¢C

400
36¢C

400
30¢C

40C
30¢

40C
306

40C
300

400
30C

126

L1381l

1297

L4CoO

1426

1346

1394

1327

1333

1371

1384

1334

1358

1349

1384

1347

1365

1348

123

1379

1296

1339

1425

1345

1392

1326

1332

1370

1383

1333

L1357

L1346

1383

1347

1364

1346

118

1379

1296

1399

1346

1392

1325

1231

L37¢

1384

13133

1356

134y

1383

1348

1364

1344

114
1373
1377
1290
1294

1397

1425
1338
1341

1389

1322

1326
1329

1363
13467

1377
1381

1327
1330

1349
1354

1342
1345
1381

1340
1344

1358
1361

1340
1342

1n9
1373
1369

1290
12¢€8

1394
1395

1421
1423

1338
1334

1303
1382

1316
1312

1324
1323

1363
1359

1377
1376

1325
1325

1347
1345

1339
1339

1375
1373

1338
1338

1336
1353

1334
1337

104
1368
1367

1284
1287

1391
1393

1421
1423

1335
1333

1378
1379

1312
1312

1322
1320

1356
1356

1372
1374

1320
1322

¢
1342

1335
1338

1371
1371

1333
1336

1348
1350

1333
1334

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

99
1364
1361

1280
1284
1386
1386

1419
1422

1331
13e7

1372
1373

13Cs
13c7

1315
1315

1350
1351

1368
1367

1316
1316

1336
1337

1329
1332

1365
1365

1330
1330

1343
1344

1327
1329

(b) Continued. SI units

DISTANCE FTROM CENTER-LINE CF SFELL CUTLFT,CENTIMETERS

34

1358

1281

1384

1422

1326

1370

13C4

1213

1348

13€5

1316

1363

1327

a9
1358
1354

1277
128C

1381
1381

1419
1421

12C1
13¢C

1311
121¢

1346
1346

1362
1363

1311
1313

133¢C
1234

1325
1328

136C
1359

1224
1325

134¢C
1341

1322
1225

34

TFMPFRATURES,

1356
1353

1276
1277

13717
1379

-C
1420

1323
1321

c
1364

1296
1299

1307
1308

1344
1343

1360
1359

1311
1312

1328
1330

1323
1326

1356
1357

1322
1323

1337
1338

1320
1323

78
1352
1350

1275
1276

1374
1375

1416
1417

1323
1318

1359
1361

1254
1297

1305
1304

1340
1340

1355
1355

13¢9
1310

1327
1327

1320
1324

1352
1353

132¢C
1320

1332
1334

1317
1321

T4
1348
1345

1272
1275

1370
3]

1413
1414

1320
1315

L1357
1357

1293
1293

1302
1303

1337
1336

1353
1350

1305
1304

1323
1324

1317
1320

1350
1349

1317
1316

1130
1329

1309
1316

69
1343
1343

127¢C
1272

1365
1367

1408
1410

1320
1313

1352
1354

129¢C
1230

1259
1301

1223
1334
1348
1348

c
13C4

1321
1322

1313
1317

1345
1347

C
1314

1325
1329

1310
1314

&4

13339

1336

12617
1267

1360
1358

1400
1401

1313
1308

1347
1346

-G
1285

1295
1295

1329
1326

1343
1341

1297
1298

131¢
1316

1309
1309

134C
1339

1307
1307

1322
1322

1307
1307

59

DEGREES KELVIN

1334
c

c
1268

1358
1360

1397
1401

1314
1304

1343
1346

1281
1286

1291
1234

132¢
1326

1338
1340

1296
1298

13t
1316

1306
1310

1337
1340

1306
1308

132¢
1321

1305
1307

53

1334

1266

1355

1396

1310

1340

1283

1290

1324

1336

1295

1311

1308

1336

1304

1316

1304

48

1329

1331

1266
1266

-0
1353

1389
1392

1309
1307

1336
1340

1279
1282

1283
1291

1317
1322

1330
1336

1290
1295

1307
1310

1301
1306

1326
1334

1302
1303

1311
1316

1299
1303

43
1328
1327

1263
1264

1349
1349

1386
1387

1311
1310

1235
1336

1278
1281

1287
1288

1318
1318

123¢
1332

1292
1291

-0
0

1301
1304

-0
1331

13C0
13C0

1318
1313

1304
1299

38
1326
1326

1261
1264

1345
1347

1383
1382

1312
1308

1334
1333

1278
1281

-0
1288

1317
1316

1329
1329

1289
1292

1305
13C7

1299
1302

1327
1328

1298
1298

1312
1312

1298
1293

33
1319
1324

1257
1262

1339
1344

1373
1379

1307
1307

1325
1330

1273
1277

1279
1283

1310
1313

1322
1325

1283
1288

1297
1303

1292
1277

1320
1326

1291
1295

1305
1308

1292
1296

28
1319
1321

1257
1260

1339
1341

1273
1376

131¢
1308

1227
1328

1275
1278

1278
1284

1309
1212

1322
1324

1283
1286

1298
1302

1293
1296

1320
1324

1291
1295

1304
1306

1292
1295

23
1318
1320

1257
1261

1236
1240

1270
1274

1224
1327

1277
1280

1278
1283

1309
1310

1319
1323

1283
1286

1298
1201

1293
1296

1318
1328

1291
1293

1303
1205

1290
1294

18
1315
1319

1256
1260

1334
1338

1366
1370

1311
1310

1321
1324

1275
1280

1277
1282

13¢7
13¢8

1316
1321

1280
1284

1296
13¢0

1290
1295

1315
1321

1296
1291

13C1
13C4

1288
1292

10
1305
1312

1252
1257

1324
123¢C

1358
1361

1307
1311

1316
1313

1272
1276

1271
127¢

1299
1303

1307
1312

1276
1279

1290
1294

1285
1289

1307
1282
1287

1295
1301

1283
1288

6.4
1303
1305

1252
1254

1324
1325

1357
1355

1308
1309

1214
1116

1273
1274

1272
1272

1297
1299

1208
1307

1276
1277

1286
1289

1283
1284

123¢7
1208

1280
1282

1264
1294

1282
1284

13C2
1305

1251
1253

1318
1320

1344
1349

1306
1307

1310
1312

1271
1274

1270
1272

12692
1297

13¢1
13¢5

1272
1272

1284
12¢€

1278
1283

13C3
13¢5

1219
1282

1289
1250

1278
1283

-1.3
1299
1302

1251
1252

1315
1319

1344
1347

1305
1307

130
1311

1272
1274

1269
127¢C

1292
1293

13CC
1304

1272
1272

1284
128¢

128¢
1281

1302
1205

127€
1275

12e¢
126¢

127¢
128¢C




LOT

38

354

37

28

23

96

100

98

90

9%

95

93

9l

92

13

75

27

22

35

40C
306

40C
300

40C
300

400
300

40C
306

400
30C

400
300

400
300

40C
300

400
300

40C
300

400
300

400U
30C

400
300

40C
300

4GC
300

406
300

40C
300

40C
30¢C

400
300

400
300

400
300

400
300

1347

1362

1337

1348

1340

1348

L347

1348

1425

1452

1441

1347

1406

1412

1389

135/

1373

1344

1345

1327

1348

1348

1347

1347

1361

1336

1347

1339

1347

1346

1347

1424

1450

1440

1346

1405

1412

13488

1356

1372

1344

1343

1326

1346

1347

1345

1349

1364

1336

13417

1339

1345

1346

1347

1440

1345

1404

1411

1387

1355

1371

1341

1344

1325

1345

1347

1346

1339

1343

1357

133¢C
1333

1341
1343

1332
1335

1338
1344

1339
1342

1341

1345

1418

l446

1435

1342

1400

1406

1382

1352

1367

1334
1338

1336

1340

1323

1339
1342

1341
1344

1339
1342

1336
1336

1350
1350

1328
1326

1339
1336

1330
1328

1337
1336

1337
1335

1343
1344

1411
1408

1439
1436

1427
1424

1335
1332

1333
1391

1399
1396

1375
1373

1346
1344

1360
1359

1333
1330

1335
1332

1316
1316

1336
1334

1336
1335

1336
1334

1333
1332

1346
1347

1321
1324

1334
1335

1326
1326

1333
1333

1331
1332

1341
1342

1405
14C4

1432
1432

1422
1422

1331
1331

1387
1387

1393
1333

1370
1370

1341
1340

1354
1356

1327
1328

1329
1331

1312
1312

1331
1333

1333
1335

1329
1330

1328
1328

1338
1341

1316
1317

1328
1329

1317
1321

1326
1326

1326
1328

1338
1339

1397
1397

1426
1425

1411
1415

1324
1325

13F1
1380

1386
1385

1363
1362

1334
1334

1349
1349

1322
1323

1323
1324

13C8
1307

1326
1327

1327
1327

1323
1325

1324

1337

1317

1327

1319

1325

1326

1238

1421

141l

1324

1377

1282

1360

1346

1220

1222

13C6

1325

1327

1323

1324
1324

1334
1335

1313
1215

1322
1225

1315
1217

1321
1322

132¢C
1323

12358
1337

138%
1391

1417

1417

1407

1318
132¢C

1374
1374

1378
1377

1355
1356

1227
133C

1341
1341

131¢
121¢

131¢
1219

13cc
13C4

132¢C
1321

1322
1322

1318
1321

1319
1321

1331
1335

1311
1313

1317
1322

1312
1315

1319
1320

1317
1320

1333
1334
1388

1412
1413

1400
1397

1315
1316

1371
1372

1373
1376

4]
1354

1324
1324

1338
1341

1313
1315

1315
13146

1298
1302

1318
1320

1318
1321

1316
1317

1311
1318

1330
13390

1310
1310

1317
1320

1310
1311

1320
1316
1317

1332
1332

1382
1385

141¢C
1408

1395
1399

1313
1314

1367
1367

1371
1371

1350
13439

1323
1323

1334
1336

1311
1313

1312
1315

1298
1298

1317
1316

1316
1317

1313
1316

1315
1314

1320
1325

1307
1306

1314
1315

1239
1308

1313
1313

1313
1314

1328
1327

1378
1378

1403
1402

1392
1393

1311
1311

1363
1363

1367
1365

1345
1344

1319

1320

1332

1309
1309

1310
1311

1295
1294

1312
1313

1314
1314

1311
1312

1310
1311

1321
1324

13C1
1305

1310
1213

13GC3
13C6

1309
1311

131¢
1311

1324
1325

1373
1375

1368
1368

1387
1390

1307
131¢C

1358
1360

1361
1363

1342
1343

1314
1318

1327
133C

13C4
1386

13¢6
13C7
1293

13C9
1312

1310
1312

1308
1311

1302
1305

1317
131¢

130C
1297

1306
1309

1299
1298

1304
1305

1305
1305

1317
1316

1368
1367

1391
1383

1381
1381

1302
1303

1353
135¢

1355
1354

1334

1334

131¢

1323
1322

130¢C
1299

13c¢C
1303

1287
1288

1304
1303

130¢
1305

1305
1304

1304
1307

1315
0

1297
1299

13Ce4
1307

1298
1301

1303
130¢

1302
1307

1318
1319

1364
1367

1336
1390

1378
1379

1295
1304

1349
1352

1352
1356

1332
1336

1308
1312

132¢
1323

1299
1302

1300
1303

1285
129¢

1301
1305

1304
1306

1303
1305

1304

1316

1295

1303

1237

1302

1303

1315

1363

1386

1377

1301

1348

1352

1331

1307

1320

1258

1301

1286

1303

1304

1302

13¢0
1302

1310
1313

-0
1235

1298
1303

1289
1296

1250
1303

1297

1303

1314

-0
1360

1377

1382

1374

1291

1299

1345

1346
1351

-0
1330

1304
1307

-0
1318

1294
1298

-0
1299

1281
1285

1297
1301

1259
1302

1297
1301

1299
13C0

-0
1312

1293
1294

1301
1301

1292
1293

1297
1300

1298
1299

1311
1310

1353
1355

1378
1379

1367
1369
1298

1342
1342

-0
-0

1325
1326

1303
1304

1312
1315

1191
1295

1295
1295

1283
1283

1297
1299

1295
1300

1295
1300

1297
1298

1308
1310

1291
1292

1296
1300

1230

4]
1295
1299

1293
1298

1310
1308

1350
1353

1375
1374

1366
1366

1292
1297

1340
1340

1343
1344

1322
1326

1301
1305

1311
1314

1291
1294

1294
1296

1280
1283

1296
1298

1297
1298

1297
1299

1290
1294

1302
1307

1285
1289

1290
1296

1284
1290

1291
1296

1291
1294

1303
1306

1344
1350

1365
1371

1358
1364

1288
1295

13223
1338

1336
1342

1314
1323

1296
1302

1305
1311

1286
1291

1287
1290

1275
1281

1289
1294

1290
1295

1291
1296

1290
1234

1269
1307

1284
1288

1289
1295

1285
1290

1289
1294

1290
1294

1304
1302

1342
1348

1366
1369

1358
1361

1290
1294

1330
1335

1237
1338

1216
1219

1296
1299

1306
1310

1287
1292

1288
1292

1278
1279

1291
1295

1291
1294

1291
1297

1290
1293

1301
1204

1284
1287

1290
1294

1285
1289

1290
1293

1289
1293

1201
1302

1341
1247

1364
1367

1354
1359

1293
1293

1230
1333

1233
1237

1316
1219

1296
1299

1206
1309

1286
1291

1287
1291

1276
1279

1291
1294

1289
1293

1295
1297

1288
1251

1259
1304

1281
12€8
1292

1284
1287

1289
1292

1287
1292

1259
13C0

1328
1344

1360
1364

1350
1356

1288
1291

1327
1331

1331
1334

1313
1318

1294
1298

13C4
1308

1283
12€8

1286
1289

1275
1278

1288
1292

1289
1292

1294
1297

1281
1287

1293
1300

1276
1281

1283
1287

1279
1282

1283
1287

1281
1288

1286
1295

1231
1236

1352
1357

1342
1347

1281
1286

1318
1324

1324
1327

1306
1312

1288
1294

1297
1302

128C
1283

1281
128¢

1269
1274

1283
1287

1283
1287

129C
1295

1279
12€3

1262
1292

1274
1276

127s
12¢1

1276
1217

12€1
12€1

12€C
1282

1285
12€7

1320
1328

1345
1348

1336
1339

12¢0
1283

1314
1315

1320
1220

13C4
13CS

1287
1287

1254
1297

1280
1265

1279
12€1

12€8
1271

1278
1282

12179
12€2

1290
1251

1278
1281

1251
1292

1272
1218

127¢€
1281

127¢
1273

127S
1217¢

128¢
128¢

12€2
1284

-
It

1343
1244

1335
1238

126C
1282

1212
1214

121€
122C

1362
1202

128¢
128¢

1262
126¢

1272
1275

1278
1280

1268
1265

128C
1282

1281
<

128¢€
1291



801

RUN
26

34

146

147

143

149

148

145

144

348

142

141

140

136

137

134

SERIES
40C
30¢C

40C
300
400
300

400
30C

40C
30C

4Q0C
300

40C
300

400
30C

400
306

400
300

40C
30¢C

40C
30C

40C
30C

40C
30cC

406
30C

400
30¢C

126

1348

1348

1366

1354

1381

1331

1342

1371

1387

1359

1403

1397

1361

1367

1347

123

1346

1346

1366

1354

1381

1331

1342

1370

1387

1359

1402

1395

1387

1360

1367

1347

118

1345

1346

1365

1354

1351

1330

1342

1370

1316

1358

1403

1336

1336

1361

1366

1345

114

1339

1342

1339
1342

1362

1349

1380

1328

1340

1367

1386

1357

1402

1394

1384

1357

1364

1343

109
1336
1334
1335
1333
1356
1354

1344
1344

1377
1377

1323
1325

1335
1334

1360
1359

13383
1384

1352
1352

1398
1401

1383
1387

1380
1379
35
1353
1359
1359

1339
1338

104
1332
1333
1329
1332
1351
1352

134¢C
1342

1373
1376

1320
1322

1330
1333
1354
1357

1379
1381

1349
1351

1395
1400

1384
1386

1377
1376

1348
1351

1354
1358

13136
1339

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES
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(b) Continued. SI units

NISTANCE FROM CENTFR-~LINE OF SHELL CULTLET,CENTINETFRS

94

1324

1323

1344

1334

1263

1379

13¢8

89
132¢C
1221
1218
132¢C
1238
134C

133¢C
1331

1259
13¢C

1311
1214

132¢C
1322

1343
1345

13¢5
1367

1341
1342

1386
1392

1374
1375

1263
136¢

133p
12432

1347
1345

1328
1332

84

TEMPERATURES,

1318
1318

1315
1318
1332
1338

1327
1329

1354
1358

1308
1313

1319
1321

1339
1342

1361
1364

1339
1341

1381
1390

1371
1373

1362
1363

1338
1342

1344
1347

1327
1330

78
1315
1318
1313
1315
1333
1336

1325
1326

1352
1355

1310
1310

1321
1319

1337
1340

1358
1358

1339
1340

138¢
1385

1370
1370

1360
1360

1334
1341

1343
1344

1326
1328

T4
0
1312
1311
1312
1336
1331

1322
1323

1349
1349

1306
1306

1315
1316

1333
1335

1353
1353

1332
1336

1377
1380

1367
1367

1357
1356

1335
1336

1332
1339

1324
1325

&3
1308
1312
1308
1311
1326
1329

1319
1322

1344
0

1303
1305

1310
1313

1331
1223

1347
1352

1333
1335

1371
1378

1263
1363

1353
1355

1331
1335

1336
1233

1220
1321

64
-C
1304
130C
1303
1322
1322

1314
1314

1338
1339

129¢
130C

130¢
1306

1325
1326

1344
1343

1328
1329

1365
137¢

1357
1355

1347
1346

132¢
1328

1332
1333

1315
1316

58

DEGREES KELVIN

1303
1304

1300

-0
1320
1323

1313
1315

1335
1340

1298
1302

1305
1309

1319
1327

1341
1345

1327
[

1363
1370

1354
1357

1346
1348

1324
1329

1331
1332

1313
1317

53

1304

1302

1321

1312

1337

1299

1307

1324

1338

1327

1366

1354

1345

1326

1329

1315

48
1297
1301

1296
1301

1318
1306
1312
1333

1294
1298

1302
1306

1315
1322

1334
1339

1321
1325

1355
1363

1347
1350

1340
1344

-0
1325
-0
1327

13C9
1313

43
1297
1298
1297
1299
1315
1318

1307
1310

1329
1331

1295
1297

1301
1304

1318
1320

1333
1336

1322
1323

1358
1361

1346
1348

1340
1340

1319
1323

1324
1327

1311
1312

38
1292
1298
1297
1299
1315
1316

1306
1310

1328
1330

1295
1298

1301
1304

1317
1320

1332
1334

1320
1322

1353
1357

1345
1346

1337
1338

1318
1321

1323
1324

131¢
1310

33
1290
1294
1291
1296
1309
1315

1304
13C8

1322
1330

1290
1296

1296
1301

1310
1318

1327
1333

1315
1319

1346
1353

1337
1343

1331
1336

1311
1318

1318
1321

1303
13C9

28
1291
1295
1292
1298
1311
1316

1305
1307

1326
1330

1293
1295

1238
1303

1313
1319

1227
1333
1320

1346
1352

1338
1341

1232
1335

1211
1317

1316
1320

1304
1309

23
1290
1293
1295
1258
1213
1315

1205
1309

1227
1230

1294
1296

1300
1203

1315
1318

1230
1234

1215
1218

1243
1351

1235
1339

1230
1232

1312
1213

1316
1321

1204
1309

18
1289
1292
1294
1298
1313
1316

13c8
1309

1327
1331

1292
1297

13C0
1303

1315
1318

1330
1333

1312
1317

1340
1348

1333
1337

1328
1331

1310
1314

1315
1317

13¢3
1306

10
1282
1289
1259¢C
1295
1308
1314

13CC
1308

122¢
1327

1287
1295

1300
1302

1310
1317

1323
1332

1303
1311

1334
1239

1328
1332

1316
1326

1302
131¢

1308
1313

1294
1300

1282
1284

1261
1292
1210
1211

12C4
1206

1225
1227

1292
1293

1296
1268

1212
1214

1229
1220

1205
1207

1234
1223

1227
1228

1215
1223

1203
12C4

1207
1208

1295
1296

1282
12€3

1261
1293

1311

131¢C

12¢5
13C4

1226
1225

1261
1291

1268
13C0

1313
1315

1228
1328

13C3
13C3

132¢
1220

1318
1325

1317
1318

13C0
13C3

13C3
13¢7

1293
1254



601

139

135

138

132

350

128

127

131

130

133

129

126

347

346

364

355

359

363

353

365

351

360

362

400
30¢C

40C
300

400
300

400
300

400
300

400
30¢C

400
300

400
300

400
300

400
300

400
300

400
300

400
300

400
300

400
306

400
300

400
300

400
300

400
300

400
300

400
300

400
300

400
300

400
300

1381

1355

1375

1435

1362

1402

1392

1422

1418

1352

1411

1381

1362

1361

1422

1361

1410

1417

1363

1420

1362

1411

1384

1472

1379

1354

1374

1435

1360

1401

1391

1422

1417

1352

1410

1379

1360

1360

1420

136l

1410

1412

1361

1419

1361

1410

1381

1471

1380

1354

1373

1435

1360

1400

1391

1422

1417

1352

1410

1379

1360

1361

1419

1360

1410

1414

1360

1419

1361

-0

1381

1470

1377

1352

1371

1434

1358

1397

1388

1420

1415

1348

1408

1376

1358

1357

1415

1358

1403

1408

1358

1413

1358

1406

1378

1467

1371
1371

1347
1348

1365
1365

1431
1433

1352
1356

1392
1391

1383
1382

1415
1415

1411
1413

1345
1347

1401
1401

1372
1370

1352
1352

1352
1352

1406
1403

1352
1351

1396
1394

1401
1398

1352
1351

1406
1403

1352
1352

1402
1399

1374
1374

1461
1462

1366
1368

1343
1348

1362
1364

1428
1431

1349
1350

1388
1389

1378
1380

1411
1411

1408
1412

1341
1342

1396
1398

1367
1368

1347
1349

1347
1351

1399
1400

1348
1350

1389
1391

1393
1394

1344
1347

1396
1399

1347
1350

1395
1395

1370
1372

1457
1460

1362
1364

1339
1340

1358
1358

1427
1428

1344
1344

1382
1382

1373
1373

14Cé6
1406

1404
1406

1336
1338

1391
1333

1362
1362

1344
1344

1342
1345

1391
1391

1341
1344

1381
1382

1384
1386

1342
1342

1390
1390

1341
1343

1390
1389

1366
1366

1449
1453

13¢3

1339

1356

1426

1242

1380

1370

1404

1404

1337

1391

1360

1343

1344

1388

1341

1379

1382

1342

1387

1341

1388

13¢5

1449

1359
1361

1335
1338

1352
1353

1422
1424

1338
134C

1377
1378

136¢
1367

1398
1401

1398
1401

1333
1334

1386
1387

1356
1357

134C
1341

1338
1341

1381
1383

1337
1339

1379
1375

1377
1379

1336
1338

1380
1383

1337
1340

1383
1385

13¢1
1363

1441
1445

1355
1358

1233
1336

1349
1351

1418
1420

1336
1339

1373
1376

1363
1365

1396
1398

1395
1398

1331
1332

1381
1384

1353
1355

1337
1339

1337
1338

1379
1380

1333
1337

1370
1373

1372
1376

1335
1335

1379
1380

1335
1338

1373
1381

1359
1362

1438
1442

1360
1355

1332
1333

1348
1350

1415
1416

1335
1336

1371
1372

1362
1362

1393
1393

1388
1394

1329
1330

1379
1381

1351
1352

1334
1338

1334
1336

1365
1376

1334
1334

1366
1369

1370
1371

1334
1335

1373
1376

1333
1335

1376
1378

1355
1359

1433
1437

1351
1351

1329
1330

1346
1346

1411
1411

1326
1331

1367
1368

1354
1359

1389
1388

1389
1388

1327
1327

1377
1376

1349
1350

1327
1333

1326
1333
1371

1324
1331

1357
1365
1367

1324
1330

1363
1370

1326
1329

1368
1373

1348
1351

1428
1430

1348
1350

1326
1329

1342
1342

1406
1408

1328
1331

1361
1365

1353
1357

1385
1385

1383
1385

1324
1326

1372
i373

1346
1348

1329
1232

1327
1332

1366
1369

1325
1329

1357
1361

1361
1365

1326
1329

1366
1369

1326
1329

1370
1369

1350
1354

1421
1427

1343
1343

1322
1322

1337
1337

1399
1400

1324
1325

1356
1358

1349
1349

1379
1378

1378
1378

1318
1318

1366
1366

1342
1341

1326
1325

1326
1326

1362
1361

1321
1321

1354
1353

1358
1356

1323
1323

1361
1360

1320
1323

1364
1362

1349
1347

1416
1417

1339
1343

1321
1324

1334
1334

1395
1399

1321
(]

1355
1358

1347
1350

1377
1378

1374
1378

1319
1320

1362
1366

1339
1341

1323
4]
1322
¢
1356

1361

1320
Q

1352
1354

1354
1356

1319
g

1355
1360

1321
0

1362
1362

1348
1348

1412
1417

1338

1321

1336

1394

1321

1355

1347

1374

1374

1315

1363

1337

1327

1322

1357

1322

1351

1354

1318

1357

1320

1360

1347

1410

1335
1337

1314
1320

1328
1334

1387
1391

1315
1317

1348
1353

1339
1345

1369
1372

1365
1371

1313
1315

1356
1360

1331
1336

1318
1323

1316
1322

1350
1355

1316
1318

1344
1348

1347
1351

1314
1320

1350
1354

1315
1321

1356
1359

-0
1347

1401
1408

1334
1336

-0
1317

1330
1330

1386
1388

1317
1318

1347
1349

1339
1342

-0
1368

1365
1367

1313
1313

1354
1357

1332
1335

1317
1322

1317
1321

1350
1352

-0
1318

1343
1346

1346
1349

-0
1318

1350
1352

1315
1318

1359
1360

1347
1348

1398
1405

1333
1334

1315
1316

1329
1328

1383
1384

1315
1318

1345
1349

1337
1339

1365
1366

1363
1364

1310
1314

1354
1354

1330
1333

1317
1320

1316
1320

1348
1350

1312
1317

1340
1345

1344
1346

1312
1315

1348
1351

1314
1317

1357
1359

1347
1350

1398
1400

1325
1329

1309
1315

1321
1325

1373
1380

1310
1314

1337
1345

1330
1338

1358
1363

1356
1362

1307
1310

1346
1351

1323
1329

1310
1315

1309
1315

1342
1347

1308
1313

1335
1340

1339
1343

1307
1312

1340
1346

1309
1314

1353
1356

1343
1346

1388
1396

1326
1329

1306
1313

1322
1325

1374
1377

1307
1212

1338
1342

1332
1337

1356
1360

1354
1359

1307
1308

1347
1349

1323
1327

1212
1316

1310
1315

1342
1348

1308
1314

1336
1343

1339
1345

1306
1313

1343
1348

1308
1314

1354
1358

1343
1347

1388
1394

1326
1328

1308
1212

1321
1325

1371
1377

1308
1311

1336
1342

1331
1335

1255
1360

1253
1358

1306
1308

1343
1348

1323
1327

1312
1315

1310
1214

1344
1348

1208
1312

1238
1342

1340
1344

1307
1311

1344
1347

1308
1212

1355
1357

1346
1347

1386
1292

1324
1326

1307
1311

1218
1323

1367
1372

1306
1310

1333
1339

1328
1333

1352
1356

1349
1303
1307

1340
1345

1322
1325

13C9
1314

1309
1313

1345
1348

1306
1311

1336
1341

1341
1344

1306
1311

1343
1347

1306
1311

1356
1357

1346
1347

1383
1389

1315
1321

1299
1306

1311
1316

136G
1364

1301
1306

1326
1332

1319
1324

133¢
1349

1339
1346

1296
1303

1333
1338

1314
132¢

1303
1310

1302
1309

1338
1345

1298
1306

1333
1340

1335
1343

1300
1307

1339
134¢

1302
1308

1353
1357

1338
1346

1373
1378

1215
1316

12C0
1301

1311
1212

1258
1259

1203
13¢5

1226
1228

1220
1322

1246
1345

1238
1239

1267
1299

1823
1223

1212
1315

1303
13¢5

1202
1305

1840
1243

1294
1204

1226
1337

1238
1338

1298
1802

1841
1243

1202
1204

13£4
1354

1342
1242

1271
1273

1311
1213

1258
1258

12¢e
1310

13£C
~C

13C1
13¢3

1322
1324

1317
1319

1237
1341

1322
1327

1296
1295

1328
1331

13CS
1313

13C1
13C4

1302
12C4

1340
1344

13C1
13¢1

1325
1336

1327
1228

13€0
13C8

1340
1341

13¢0
13C¢e

1353
1353

1228

1340

13£7
12¢9

121¢
1212

1296
1297

12C¢
1308

1348
1352

1258
1201

132¢
1324

1315
1312

123¢
1333

1331
1232

1285
1264

132¢
133¢C

120E
1313

13C1
1208

1301
1302

1238
1341

12G¢
1301

1234
1234

1234
1237

1265
1302

134C
1243

130€
12¢c¢

1353
1352

1233
123¢

1362
126¢



011

RUN
349

119

118

345

117

122

121

120

123

116

193

184

181

185

178

179

SERIES
40C
30C

400
300

40C
300

40C
3ocC

40C
30C

400
30¢

400
300

40C
360

40C
300

40C
30C
40C
30C

400
30C

4C0C
300

40C
3CC

400
30¢C

404
300

126

1360

13139

1369

1362

1354

1459

L442

1426

1472

1326

1363

1382

L3¢3

1383

1333

1383

123

1360

1373

1367

1360

1352

1457

L4422

1424

1471

1326

1363

1382

1392

1381

1331

1382

118

1360

1376

13568

13460

1352

1457

1441

1424

1469

1325

1361

1342

1342

1382

1381

1383

114

1357

1392

1345

1358

1349

1451

1436

1420

1466

1324

1359

1380

1379

1425

1380

1380

109

1352

1351

1386
1384

1359
1359

1351
1351

1343
1344

1445
1442

1428
1426

1413
1411
1460
1320
1320
1355
L1354

1375
1374

L374
1373

1374
1372

1374
1373

1375
1373

104
0
1348

1382
1381

1355
1357

1347
1347

1340
1341

1438
1439

1422
1423

1407
1408

1456
1457

1317
1318
1352
1351

1370
1372

1371
1373

1370
1372

13€¢
1370

137¢C
1373

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

99
1341
1342

1374
1375

1350
1351

1344
1343

1335
1336

1426
1430

1414
1415

14C0
14C2

1448
1450

1311
1313
1347
1347

1366
13468

1366
13+8

1344
1367

1363
13465

1366
1347

(b) Continued. SI units

DISTANCE FROM CENTFR-LINE CF SHELL CLTLET,CENTIMETERS

94

1341

1335

1427

1412

1400

l446

1347

1366

13¢6

12e5

L1364

1366

89

1337

134C

1368
1371

1344
1344

1337
134C

1329
1232

1422
1423

1407
14C€9

1392
139¢

-C
1443

13¢5
1311
1344
1344

1361
13¢4

13¢1
13632

1361
13¢1

1359
13¢2

1262
1363

84

TEMPERATURES,

1335
1338

1366
1369

1340
1344

1335
1338

1328
1330

1419
1421

1404
1407

1330
1392

1437
1441

1308
1309
1342
1343

1360
1362

1359
1361

1357
1359

1356
1359

1359
1360

8
1334
1336

1363
1365

1340
1342

1333
1336

1326
1328

1414
1416

14C¢C
1402

1386
1390

1433
1434

1306
1307
1340
1340

1363
1360

1356
1358

1356
1357

1350
1356

1356
1358

T4
1328
1331

1360
1361

1340
1337

1325
1331

1323
1323

1411
1410

1396
1395

¢
1385

1428
1428

1304
1305
1336
1337

1355
1355

1355
1356

1352
1354

1351
1353

1354
1356

69
1327
1329

1356
1359

1233
1334

1328
1330

1318
1322

1359
14C7

1391
1393

1377
1383

1421
1425

13¢2
1304
1234
1336

1351
1354

1350
1254

1350
1352

1348
1351

1351
1354

64
1324
1323

1352
1352

1328
1328

1324
1324

1315
1316

1399
139¢

1386
1385

1374
1375

141¢é
1415

1299
12928
1331
1330

1347
1348

1347
1346

134¢
1345

1344
1344

1346
1346

58

DEGREES KELVIN

1321
G

1348
1352

1325
133¢C

132C
G

1314
1318

1394
1397

1382
1385

1369
1373

1413
1416

1296
130C
133C
1331

1345
1349

1345
13438

1343
1346

1343
1345

1344
1347

53

1321

1347

1327

1323

131%

1394

1380

1371

1409

1298

1329

1345

1345

1342

1342

13486

48
1316
1320

-0
1347

1322
1325

1317
1322

1310
1314

-0
1392

1376
1379

1363
1369

1403
1407

1293
1297
1329
1329

1340
1344

1340
1344

1340
1343

1336
1341

1339
1344

43
1317
132¢

1341
1345

1323
1322

1318
1320

1309
1311

1387
1387

1373
1375

1364
13¢¢

1403
1403

1254
1296
1324
1327

-C
1344

1340
1343

1341
1341

1338
1341

1341
1342

38
1315
1319

1341
1343

1320
1321

1317
1318

1308
1311

1383
1384

1371
1373

1362
1364

1397
1400

1294
1297
1324
1328

1338
1343

1339
1343

1338
1340

1338
1336

1341
1342

33
1310
1315

1332
1339

13113
1319

13C9
1304
1309

1374
1380

1364
1369

1352
1360

1390
1396

1290
1293
1323
1326

1333
1339

1333
1340

1333
1338

1332
1337

1234
1339

28
1309
1313

1333
1338

1315
1318

1309
1217

1304
1309

1376
1379

1363
1367

1354
1359

1388
1393

1288
1293
1320
1325

1336
1342

1335
1341

1334
1239

1223
28

1236
1341

23
1310
1313

1232
1237

1315
1317

1312
1215

1303
1207

1273
1377

1361
1367

1252
1258

1387
1391

1288
1294
1323
1227

1238
1242

1237
1341

1336
1340

1236
1339

1238
1341

18
1308
1313

13230
1335

1212
1316

1310
1313

1303
13C7

1370
1373

1358
1363

1349
1355

1384
1388

1289
1293
1323
1327

1337
1342

1338
1342

1337
1340

1330
1339

1338
1342

10
1302
1310

1323
1328

1304
1311
1304
13CS

1297
1303

136C
1367

1351
1355

1342
1347

1374
1378

1283
1289
1316
1325

1233
1341

1233
134C

1332
1338

1331
1337

1233
1339

(XL}

13C2
13C4

1215
1322

1202
12C¢

1302
12C%

126¢
1287

1352
1355

1342
1244

1235
1238

1362
1367

12€2
12€2
121¢%
1321

1234
123¢

1234
123¢£

1234
123¢£

1331
1333

1234
1237




111

176

175

186

182

172

i7

183

173

192

287

191

290

288

286

163

190

343

170

167

168

165

188

169

164

40C
30C

40C
30C

400
300

40C
306

40C
30¢

400
300

400
300

400
300

400
300

400
300

4CC
30¢

400
30¢C

400
30C

400
300

40C
300

40C
300

40C
300

40C
30C

406
30C

40C
3006

400
300

40C
300

400
300

40C
30C

1384

1388

1389

L383

1401

L14Cé

1383

1394

13¢3

1398

1362

13398

1398

1338

1372

1362

1382

1441

1413

1423

1386

1381

1430

1379

1384

1387

1386

1382

1399

1405

1382

1364

1363

1397

1362

1397

1397

1396

1372

1361

1382

1439

1412

1419

1387

1380

1428

1380

1383

1387

1388

1341

1349

1405

1382

1331

1362

1337

1361

1397

1392

1397

1372

1361

1382

1436

1411

1416

1344

1382

1429

1380

1381

1384

1385

1379

1395

1401

1380

1390

1359

1393

1360

1394

1393

1396

1369

1360

1380

1439

1409

1419

1386

1379

1429

1379

1375
1374

1379
1379

1379
1379

1374
1374

1389
1387

1394
1392

1374
1374

1384
1382

1354
1355

1367
1387

1354
1355

1390
1389

1388
1386

1392
1392

1364
13¢6

1355
1356

1376
1376

1438
1439

1404
1405

1416
1415

1381
1381

1375
1374

1426
1428

1372
1373

1371
1372

1375
1376

1374
1375

1371
1373

1384
1386

1389
1391

1370
1371

1379
1382

1353
1353

1382
1384

1351
1354

1386
1388

1379
1384

1390
1392

1362
1363

1351
1355

1372
1373

1437
1438

14C0
1403

-0
1413

1374
1379

1372
1373

1427
1427

1369
1371

1364
13¢6

1368
1369

1368
1369

1365
1367

1374
1378

1383
1383

1365
1367

1374
1374

1347
1348

1376
1378

1347
1349

1381
1383

137¢
1377

1387
1388

1358
1358

1348
1351

1368
1369

1434
1437

13355
1397

14C7
1408

1374
1376

13¢8
1368

1423
1426

1367
1366

13¢4

13¢8

1264

1376

1382

13¢6

1272

1346

1375

1348

1282

1375

1386

1357

1350

13¢8

1437

1336

14C6

1375

13¢8

1425

1366

136C
1361

1364
1365

1364
13¢¢

1361
1363

1371
1373

137¢
1378

13¢C
1363

1368
13¢9

1343
1345

137C
1372

1343
1345

1378
1378

137¢
1373

1382
1284

1353
1356

1345
1349

1366
13¢¢

1436
1438

1391
1392

14C1
lac2

137¢C
1372

1365
1365

1424
1424

1361
13¢4

1357
1359

1360C
1364

1361
1364

1359
1360

1369
1348

1373
1375

1359
1361

1264
1367

1341
1345

1367
1370

1340
1343

1375
1376

1368
1371

1381
1383

-0
1354

1344
1347

1363
1365

1435
1437

1389
1391

1400
1400

1367
1370

1358
1364

1422
1421

1361
1361

1355
1357

1359
1360

1353
1361

1357
1359
1368

1371
1373

1356
1359

1356
1365

1340
1342

1368
1367

1340
1342

1373
1375

1366
1366

1379
1380

1351
1352

1342
1345

1362
1362

1436
1435

1387
1386

1396
1396

1363
1368

1360
13¢€1

1419
1418

1357
1360

1352
1353

1355
1355

1357
1357

1354
1355

1363
1363

1367
1368

1354
1355

1160
1361

1337
1337

1359
1363

1338
1339

1367
1370

1358
1362

1372
1376

1347
1348

1346
1342

]
1360

1434
1432

1383
1382

1393
1394

1362
1364
1359

1416
1414

1357
1357

1349
1350

1351
1354

1353
1355

1351
1353

1358
1361

1364
1365

1352
1353

1354
1357

1334
1337

1358
1361

1223
1237

1367
1370

1358
1360

1373
1374

1345
1347

134C
1342

1357
1359

1432
143C

1378
1381

1393
1362

136C
1363

1355
1358

1412
1411

1355
1355

1344
1343

134¢
1347

1351
1349

1345
1348

1353
1355

1358
1358

1347
1347

1351
1352

133¢
133¢

1353
1353

1329
1331

1363
1362

1353
1354

1367
1369

1342
1341

1334
1335

1353
1352

1424
1422

1374
1373

1384
1384

1355
1356

1352
1351

1405
1403

1349
1348

1341
1345

1345
1349

1346
135¢C

1344
1348

1352
1356

1355
136G

1344
1348

1347
1352

1330
1332

1352
1356

1329
1332

1360
1362

-0
1355

1363
1367

1339
1343

1332
1337

135¢C
1355

1423
1422

1372
1375

1381
1384

1353
1357

134t
1352

1399
1403

1347
1348

1341

1345

1348

1347

1353

1358

1345

1351

1328

1355

1331

1362

1351

1365

1339

1334

1349

1417

1371

1380

1355

1350

1397

1346

1337
1341

1340
1345

1342
1349

1342
1347

-0
1353

-0
1357

1341
1346

1347
1351

1325
1329

1350
1355

1326
1330

1354
1359

1343
1349
1364

1334
1338

1327
1332

1345
1349

1404
1415

1363
1371

1374
1379

1346
1353

1344
1348

1394
1396

1342
1345

1338
1335

1337
1342

1345
1348

1244
1345

1351
1353

1356
1357

1343
1347

1348
135¢C

1327
1327

~C
1355

1325
1328

1354
1356

1344
1347

1357
1360

1335
1337

1329
1331

1345
1347

1412
1410

1370
1367

1375
1375

1349
135G

1244
1347

1392
1393

1342
1343

1338
1338

134C
1342

1346
1349

1343
1345

1350
1353

1355
1356

1344
1345

1348
1351

1326
1328

1353
1355

132¢
1327

1353
1354

1344
1346

1356
1359

1333
1336

1327
1331

1343
1347

1409
1406

1363
1365

i372
1374

1348
1350

1343
1345

1389
1389

1340
1342

-0
1336

1335
1342

1342
1347

1340
1346

1345
1352

1349
1357

1339
1344

1342
1348

1323
1326

1348
1354

1320
1327

1346
1350

1338
1344

1348
1356

1327
1332

1322
1328

1336
1343

14C0
1404

1357
1361

13¢5
1370

1341
1347

1335
1342

1379
1385

1337
1339

1332
1338

1337
1341

1343
1349

1345
1346

1348
1353

1353
1357

1342
1345

1348
1351

1323
1327

1350
1355

1323
1328

1347
1351

1338
1345

1348
1354

1325
1333

1320
1327

1336
1342

1396
1399

1355
1360

1364
1368

1338
1344

1338
1341

1380
1384

1337
1339

1333
1238

1337
1343

1344
1350

1343
1247

1349
1355

1254
1358

1243
1348

12346
1351

1325
1229

1352
1355

1325
1328

1345
1349

1340
1345

1348
1253

1327
1233

1322
1328

1237
1340

1396
1397

1355
1359

1364
1367

1238
1344

1235
1341

1367
1381

1233
1238

1334
1338

1338
1342

1345
1348

1343
1346

1349
1354

1354
1358

1342
1347

1347
1350

1324
1328

1353
1355

1324
1328

1346
1347

1341
1345

1345
1352

1326
1329

1321
1326

1335
1340

1393
1395

1353
1355

1360
1363

1337
1342

1334
1339

1376
1378

1333
1335

-c
1237

1334
134C

134C
1346

133¢
1342

1347
1349

1348
1354

12336
1345

1341
1347

1318
132¢

1345
1351

1318
1326

1336
1341

1236
1342

1334
1343

132¢C
1326

1315
1322

1329
1334

1378
1384

1346
1351

1352
1359

1333
1338

1326
1334

1363
1369

1326
1233

1243
1244

1242
1243

1247
1249

1250
12354

1239
1242

1244
1246

1322
1225

1248
1351

1321
1224

1228
1329

1359
1361

1226
1229

133C
1333

1233
1335

123
1342

1238
124¢C

1345
1347

1349
1351

1238
1341

1342
1344

132C
1322

1341
1343

1322
1322

1232
1234

1238
1238

133¢
1334

131¢
1321

1314
131¢

1324
1327

1365
1367

1233
1342

134¢€
1348

1227
1328

12232
132¢

1355
1357

1322
1324



41

RUN
166

158

159

342

161

160

162

344

155

189

L87

253

341

352

220

SERIES
407
3006

40¢
300

40C
300

40C
30C

40C
30C

40C
300

4CC
30C

40C
30¢C

400
30C

40C
300

4CC
300

4CC
300

4CC
306

40C
30C

4QC
30¢

40C
30C

40C
30C

126

1401

La24a

1423

1343

Laan

1438

14641

13?2

1335

14C4

1322

1369

13%3

1357

1612

1363

1415

123

1401

1423

1427

1382

1449

1437

tane

1394

1404

1381

1362

1387

1335

161l

1361

1415

1382

1449

1437

1459

1371

13493

1404

1371

1361

1414

114

1399

1420

1425

1380

1447

1436

1459

1379

1391

1401

1378

1361

1379

1394

1407

1359

1412

109

1395

1395

1415
1414

1421
1418

1375
1374

l444
1447

1432
1433

1457
t4s7

1374
L1374

1387
1385

1397
1396

1374
1372

1155
1358

1374
1374

1329
1397

1403
lacQ

1406
1493

104
1391
-0

141C
1412

1417
1416

1372
1373

L1441
l4ae

1429
1432

1454
1457

1370
1372

1382
1383

1392
1393

1369
1372

1353
1355

1371
1373

1384
L1388

1369#%
L1400

1350
1391

1390
1401

TABLE II. - Continued. BOILER SHELL SURFACE TEMPERATURES

59

1388
139¢C

1406
14cCé

lan?
1409

1366
1368

1435
laad

1424
1426

145¢
145%

1365
1367

1376
1377

13387
1388

1365
13e7

1349
135C

1366
1367

1340
13739

1333
1393
1345
134b

1332
1392

(b) Continued. SI units

NISTANCE FROM CENTFR-LINE COF SFELL CUTLET.CENTIMETERS

9%

1388

L1404

14C7

1366

1443

1423

1455

L3¢5

1376

13e7

L3¢e

1249

13e5

1378

1361

1345

L1259

89

1284

1385

l14cl
14C1

1404
1407

1362
1364

1432
la41

1418
142C

1449
1454

1387
1386

1342

138¢
1387

84

TEMPERATURES,

1381
1383

1397
1399

L1405
1402

-0
1363

1428
1439

1414
1418

1446
1452

1359
1362

1370
1372

1372
1382

1353
1361

1342
1345
1360
1762

1372
1374

1385
1387

1338
1342

1382
1384

78
1379
1380

1395
1395

1399
1399

1357
1360

1425
1437

1412
1414

1442
1449

1350
1359

13¢6
1368

1378
1379

1357
1358

1342
1344

1358
1360

1371
1370

1382
1384

1334
1339

1379
1381

74
1376
1377

1392
1392

1396
1394

1350
1357

1422
1432

1409
1409

1438
1444

1348
1355

1364
1365

1374
1374

1355
1356

1336
1341

1356
1356

1362
1367

1373
1381

1338
1336

1376
1375

69
1373
1374

13¢&8
1389

134Q
1351

1352
1355

1416
1428

1406
14C6

1432
1442

1351
1253

1362
1364

1371
1372

1352
1354

1138
1340

1351
1354

1365
1364

1374
1377

1331
1235

1370
1374

64

1367

1367

1383
1381

1385
1384

1348
1348

1409
1418

1398
1394

1421
1432

1347
1346

135¢&
1356

1366
136¢

L1347
1347

1334
1333

1347
1348

1357
1358

1373
1371

1328
1323

1367
136¢

58

DECGREES KFLVIN

1366
1368

138¢C
138¢C

1383
13895

1345
13438

1405
1418

1394
1338

1423
143C

1345
1349

1354
1357

1359
1367

1344
1348

1332
1333

1345
1343

135¢
1358

13566
137¢C

1327
C

1364
1367

53

1365

1378

1382

1347

1414

1395

1425

1346

1354

1347

1356

13¢8

1327

1363

48
1361
1364

1373
1376

1376
1380

1341
1346

-0
1410

-0
1393

1417
1428

1338
1343

1349
1353

1358
1362

1339
1344

-0
1332

1341
1346

-0
1353

1362
1366

1320
1327

1358
1362

43
1360
1361

1372
1374

1376
1375

1342
1344

1364
1404

1384
1388

lal2
1419

1340
1342

1349
1349

1358
1359

1340
1343

1329
123¢C

1341
1344

1349
1351

13¢1
1363

1223
1326

1357
135¢

38
1356
1360

1370
1372

1374
1374

1340
1342

1392
1402

1383
1386

1409
1415

1338
1342

1347
1348

1355
13587

1335
1341

1327
1329

1340
1341

1348
1349

1359
1361

1322
1323

1356
1357

33
1351
1356

1363
1368

1366
1371

1333
1339

1390
1397

1373
1383

1399
1410

1332
1338

1341
1345

1349
1385

1333
1338

1322
1325

13132
1340

1341
1345

1351
1358

1314
1320

1350
1354

28
1352
1355

1364
1372

1367
1369

1335
1340

1384
1395

1375
1382

1400
1407

1332
1336

1341
1345

1348
1351

1233
1337

1323
122

1334
1239

1343
1345

1354
1358

1316
1321

1343
1353

23

18
1350
1352

1358
13€3

1363
13¢6

1331
1338

1378
1390

1369
1377

1392
14C2

1331
1336

1335
1341

1341
1350

1331
1335

1321
1325

1333
1337

1337
1342

1350
1355

1314
1319

1346
1350

10
134C
1346

135¢C
135¢

1354
1358

1322
1329

1372
1378

136¢C
1367

1383
139¢

1323
1331

133¢C
1336

134¢
1344

1324
123C

1313
132¢C

1325
133¢C

1329
1335

1343
1348

1309
1315

1340
1345

1239
1240

1351
1351

1255
1256

1324
1328

1272
1273

1234
1338

1345
1347

1351
1352

1324
1326

13¢¢
13¢9

1359
1389

1375
1378

1325
1324

1330

‘1331

327
1228

1323
1325

1313
1315

1325
1327

1325
1330

1340
1342

13¢7
13C9

1339
1337

1234
1237

1245
1347

1349
135¢C

1323
1325

1364
1367

1253
135¢

1373
1377

1323
1323

1327
132¢

1235
1237

1322
132¢

1314
1315

1323
1325

1325
13296

1238
1341

1307
131¢

1335
1338



€11

221

219

224

222

250

223

225

226

227

228

229

340

289

230

218

217

215

214

212

213

210

211

40¢
300

400
3gc

400
30C

40C
360
400
30¢

40C
300

40C
30¢

40C
300

400
30C

40C
306

400
30C

400
300

400
300

4090
300

400
300
40C
300

4GC
30C

40C
30¢C

400
3006

40u
30¢C

400
300

400
300

400
300

1418

1417

1415

1416

1414

14le

1417

1414

1417

1417

141

L4117

1411

1397

1418

1410

1411

1442

1440

1434

l4a34

1427

1428

141>

lats

1417

tale

1417

1617

tel7

1415

1416

1415

1416

1416

1411

1396

1415

1409

1410

1440

14393

1434

1434

1427

1426

14156

1416

14ty

1416

1417

1416

1416

1415

1416

1413

1416

1416

1410

1376

1416

1410

1410

1440

1439

1433

1433

1425

1425

1411

1411

1411

1412

1411

1412

1412

1411

1412

1412

1413

1413

1407

-0

1412

1410

1407

1436

1439

1432

1433

1426

1424

1415
lacs

1404
1403

1465
1401

taCs
lava

1608
1403

1404
0

L14C5
1404

1404
1404

1406
1405

1405
14G4

1405
1404

1405
1405

1401
1369

13R85
1385

1405
1465
1408
1409

1401
1401

1431
1429

1436
1440

1430
1432

1429
1432

1423
1425

1419
1420

-(

14C1

140"
1401

1390
1401

1337
1407

133
i4ce

1400
14G3

1399
1401

140C
1402

14G1
1402

1401
1403

140C
1401

14C1
1402

1396
1396

1380
1383

l400
1401
14ng
1409

1396
1398

1426
1428

1438
1440

1423
1433

1427
1431

1421
1424

1415
1421

1332
1333

1391
1334

1352
1323

1363
1394
124372
1354

1394
139

1354
1396

1392
1336

1394
1396
1337

¢

1333
1395

1361

1351

1381

1263

1392

13684

1363

1365

14C2

1351

1417

1437

1427

1426

1419

1416

1384
1287

13¢5
138¢

13895
13¢7

i3e7
1385

1385
13e9

1302
135C

1394
1392

1291
1392

1387
13&5

13¢e8
1389

13¢2
1385

127C
1371

1387
135¢C
1357
140C

138¢
1388

1412
1413

1435
143¢

1419
1426

1418
1426

1414
1417

14C9
1413

1382
1384

1393
13384

L1382
1383

1383
1265

1381
1385

1385
1388

1385
1387

1385
13e8

1385
13389

1329
1389

1374
1366

1385
1388

1381
1383

1372
1369

1384
1388
1397

1397

1384
1388

1409
1410

1433
1435

1416
1424

1416
1424

1412
l4le

1406
1411

1377
1382

1379
1332

1378
1381

1380
1381

1379
1381

13el
1384

1382
1344

1382
1384

1383
1385

1335
1386

1381
1383

1382
1385

1378
1378

1364
1367
1384
1392
1393

1361
1384

1405
1406

1423
1433

1416
1421

1414
1421

1411
1413

14C3
1408

1375
1376

1375
1376

1374
1375

1377
1378

1374
1376

1379
1380

1378
1379

1378
1341

1374
1380

1382
1382

1378
1380
13ac

1363
1374

1358
1364

1378
1361
1388
1389

1376
1380

1399
1402

1430
1430

1410
1416

1411
1417

1407
1408

1402
1405

137¢
1374

1372
1373

1368
1372

1371
1374

1371
1374

1374
1378

1375
1377

1375
1377

1376
1378

1378
1378

1376
1378

1377
1381

1370
1372

1358
1361

1273
1380
1383
1388

1273
1378

1366
1359

1428
1428

1408
1413

14C7
1413

14C1
14C6

133948
14C3

L36e
1361

1362
1367

136
1366

1368
1367

1366
1367

137¢
137¢C

136t
1368

137¢
1371

137¢C
1372

1374
1372

1372
1372

1374
1374

136¢
136¢

1353
1354

1372
1374
1373

138C

137¢
1371

1363
1391

143C
142¢

1402
1406

1401
1404

1398
1399

1394
1395

1363
1366

1364
1366

1362
1365

1364
1367

1363
1367

1366
1371

L1367
1370

1367
137¢C

1365
1371

1374
1372

1371
1374

1374
1376

1364
1367

1353
1355

1371
1376
1376
1379

1365
1371

1389
1392

1422
1421

1399
1406

140C
1405

1396
1399

1391
1395

1364

1365

1364

1365

1364

1367

1366

1368

1368

1369

1373

1375

1363

1353

1374

1376

1369

1388

1417

1402

1401

1396

1393

1355
1362

1357
1351

1358
1360

1358
1362

~-u
1361

1361
1365

1361
1365

1361
1365

1361
1366

1367
1367

1369
1374

-0
1377

-0
1363

1347
1351

1368
1376
1368
1374

1364
1366

1382

1386

1415

1393
1401

1394
1400

1388
1394

1385
1390

1356
1359

1357
1359

1355
1358

128¢

1341

1358
1359

1361
13¢2

1360
1361

1361
1364

1361
1363

13¢¢
1364

1374
1373

1373
1375

1358
13¢60C

-0
1345

1371
1375
1374
1372

1362
1364

1380
1383

1413

1411

1397

1394
1356

1390
1362

1385
1388

1354
1358

1354
1357

1354
1355

1355
1358

1355
1358

1356
1361

1358
1360

1359
1361

1359
1362

1363
1363

1370
1374

1373
1377

1355
1360

1344
1349

1376
1377
1368
1371

1359
1364

1378
1380

1409
1409

1388
1335

1390
1395

1386
1390

-0
1385

1348
1353

1346
1353

1348
1353

13s5¢
1354

1348
1355

1352
1356

1351
1356

1352
1357

1353
1357

1357
1358

1369
1370

1368
1375

1350
1356

1340
1344

1367
1375
1362
1367

1354
1362

1371
1378

1402
14Gé6

1380
1392

1385
1392

1379
1387

1375
1382

1348
1354

1349
1254

1348
1353

1349
1354

1347
1353

1351
1356

1351
1355

1350
1357

1350
1356

1356
1357

o]
1372

1371
1375

1348
1355

1340
1345

1367
1375
1364
1369

1354
1363

1373
1379

1401
1404

1383
1391

1385
1389

1378
1385

1376
1381

1347
1253

1346
1251

1349
1351

1348
1353

1248
1353

1350
1355

1349
1354

1351
1356

1251
1254

1355
1256

1370
1272

1271
1376

1249
1353

1340
1244

1370
1376

1380
1387

1282
1388

1278
1383

1274
1280

1346
1350

1346
1350

1345
1350

1347
1350

-C
1350

1348
1353

1348
1353

1348
1354

1348
1353

1353
1325

1371
1371

1371
1376

1347
1353

1338
1343

1369
1375
1370
13¢8

1357
1362

1375
1379

1398
14C0

1380
1386

¢
1385

0
1382

1372
1378

1237
1345

1338
1345

1337
1342

1333
1345

1336
1344

1341
1346

134C
1346

1342
1346

1242
1347

1345
135¢C

1362
136E

1363
1370

13395
1347

133¢C
1337

1364
137¢C
1359
1367

1354
1361

1371
1377

1385
1391

1370
1377

1372
1378

1367
1373

1364
1370

1239
1238

1237
1340

1239
1240

1342
1243

1342
1242

1241
1342
1243

1243
1345

1259
1260

1366
1267

1232
1232

1367
1367
1263
1263

1257
1359

1273
1

1386
1287

1272
1274

1374
1276

1367
1368

12¢5
1365

1339
1336

1336
1229

1338
1340

1337
134C

w

——

1338
1341

1338
1342

1340
1342

13¢0
13¢1

13¢l
13e3

1340
1341

13¢3
13¢4

13¢2
1364

13%¢
1357

1371
1379

1379
13€1

13¢9
1371

1370
1270

1363
13¢5

13¢1
13€¢0

1336
1235

1234

¢ 1237

1236
1237

1236
134¢C

123¢
1236

123¢
134C

1361
1362

136C
1361

1254
1354

1371
12732

1377
127S

1265
1268

1368
126%

136C
1362

1356
1363
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RUN
269

216

204

208

200

203

205

201

202

207

199

195

196

i98

197

338

SERICS
40C
3oC

406
306

40C
30¢

40C
30C

400
30C

400
30C

40C
300

40C
300

40C
30C

40C
3ec
400
300

40C
390C

400
30¢C

40C
300
4CC
30C

400
306

126

1413

1338

1472

1452

1420

1462

1466

1433

1452

1451

14C0O

1422

1457

1438

1455

123

1412

1397

1471

1451

141¢

14606

1466

1432

1450

1450

1400

1400

1453

118

1412

1337

1471

1451

1418

l46C

466

1432

1451

1449

1400

1328

1421

L456

1438

1453

114

1409

1395

1471

1447

1415

1459

l464a

1429

lasé

1447

1337

1397

1417

1450

1435

1451

109

1404

1403

1390
1391

1468
1470

1442
lag2

1411
1409

1454
1453

1460
14¢€1

1423
1423

1441
1439

1441
1441

1393
1392

1391
1392

1412
1411

1444
14642

1428
1424

1445
1444

104

1400

1402

1388
1389

1469
1468

1439
L441

1407
1407

1448
1453

1457
1460

1418
1420

1436
1438

1436
1438

1389
13390

1388

140t

1409

1437
1440

1423
1425

144C
L1442

TABLE II. - Concluded. BOILER SHELL SURFACE TEMPERATURES

99
1396
1398

1383
1384

1462
1465

1433
1435

14C2
14C2

1445
1446

1452
145¢

la1a
1415

1431
1432

1430
1442

1385
1326

1382
1384

l4C3
1403

1433
1432

1417
1418

1434
1436

(b) Concluded. SI units

DISTANCE FROM CENTER-LINE CF SKELL CLTLET,CENTIMETERS

G4

1397

1383

l4€3

1433

1401

1445

1454

1412

1429

1430

1384

13€3

1400

1429

1415

1434

89
c
1394

138C
13el

1458
1462

1427
143¢C

1368
1308

1436
144C

1447
1452

1408
l41C

1428
142¢

1428
1427

13281
1382

-C
1381

129¢
139¢

1425
1426

141C
1412

1428
1431

84

TEMPERATURES,

1389
1393

1379
1379

1455
1459

1422
1428

1395
L1396

1435
1438

1443
1448

1403
1408

1421
1424

1421
1425

1375
138¢

1376
1380

1392
1395

1420
1423

1407
1410

1427
1429

78

1388

1390

1376
1378

1460
1456

1421
1424

1393
1394

1432
1435

1440
1445

1402
1404

1419
1420

1417
1422

1378
1378

1375
1377

1391
1393

1417
1419

1405
1407

1425
1426

74

1386

1388

1373
1375

1447
1451

1418
1420

1390
1387

1429
1430

1435
1439

1400
1401

1417
l416

1414
1417

1375
1375

1365
1313

1389
1389

1414
1415

1402
1402

1416
1422

€3

1283

1386

1371
1273

1441
1448

1413
1416

1386
1388

1424
1427

1431
1436

13586
1368

1412
1413

1410
1415

1372
1374

1368
1372

1385
1386

14Cé6
1412

1367
1369

1417
1419

64
1378
1378

1368
1367

1435
1438

1407
1408

1382
1381

1417
1418

1425
1427

1391
1391

140¢
1405

1405
140¢

1368
1367

13695
136¢

1380
138¢

1404
1403

1391
1393

1412
1413

58

DEGREES KELVIN

1376
1380

1365
1368

1432
1437

1405
1406

1379
1382

1414
1417

1423
1425

1389
1392

1404
1406

1402
1406

1366
1368

13632
1361

1377
1380

1406
1403

1388
1392

141C
1414

53

1376

1367

1431

1404

1378

1415

1421

1388

1401

1402

1365

1364

1378

1401

1370

1413

48

1371

1376

1361
1366

8]
1429

1398
1402

1373
1377

1417
1412

1413
1418

1379
1387

-0
1400

-0
1400

1362
1364

1358
1362

1374
1376

1394
1399

1383
1387

1407
1412

43

1371

1373

1361
1363

1421
1426

1397
1399

1374
1376

1405
14C9

1405
1415

1382
1384

1397
1397

136¢5
1398

13¢3
13¢2

-0
13¢€2

1273
1374

14C0
139¢

1383
1385

1407
1408

38
1369
1371

1359
1363

1420
1422

1394
1396

1372
1374

1404
1405

1411
1412

1379
1383

1394
1334

1393
1395

1358
1361

1357
1361

1370
1373

1391
1393

1381
1383

1404
1407

33
1362
1368

1353
1358

1410
1417

1387
1393

1365
1370

1395
14C2

1401
1407

1373
1379

1386
1391

1386
1391

1353
1358

1352
1358

1364
1370

1383
1390

1373
1379

1358
14C3

28
1362
1367

1353
1359

1411
1416

1386
1391

1365
1370

1396
1401

1401
1406

1372
1378

1386
1389

1386
1390

1352
1357

1351
1357

1366
1369

1384
1389

1375
1379

1401
1406

23
1362
1366

1352
1358

1407
l4la

1385
1390

1264
1370

1294
1399

1401
1404

1272
1377

1384
1388

1283
1388

1253
1357

1352
1257

1365
1368

1382
1388

1273
1278

1401
1405

18
1361
1364

1349
1356

14C1
1410

13¢€3
1387

1363
1367

1391
1397

1397
14C1

1370
1375

1382
13¢€6

1382
1386

1352
1356

1351
1355

1363
1367

138¢C
1385

1371
1376

14C2

10
1353
136C

-C
1351

1398
1402

1374
137¢

1355
1362

1382
1388

1388
1364

1363
1369

1373
1378

1374
1379

1345
135¢C

1345
1351

1355
1362

1371
1378

1363
137¢C

1397
1403

6.4

1350
1353

1343
1346

1391
1393

13¢9
1372

1383
1356

1376
13719

1381
13¢4

1389
1362

13¢7
1371

1370
1371

1343
1346

1345
1346

1285
1357

13¢8
1371

1363
1365

1369
14C0

125¢C
13252

1342
1244

1388
1391

136€
1371

1351
135¢

1375
137%

1378
1383

135¢
1362

1361
137¢C

1368
127¢

1343
1345

1344
134¢

1354
1348

1367
1372

1361
1263

1397
1367
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337

339

336

334

3135

332

333

331

329

330

328

327

40C
300

40C
300

40C
300

40C
300

40C
30¢C

40C
30C

40C
300

40C
306

40C
300

40C
30¢C

40C
30¢C

400
36C

1463

1446

1463

L450

1451

1440

14641

1425

1448

1372

1440

1434

1462

1445

1463

1459

1449

1439

1440

1425

l440

1367

143

1437

1462

1447

1463

1447

1449

1433

1439

1425

ta4e

1370

1439

1433

1459

1442

1460

1447

1446

1437

1438

1423

1443

1370

1437

1430

1453
1453

1437
1437

1454
1455

1442
1442

1440
1439

1434
1433

1435
1434

1419
1419

1439
1428

13/9
137c

1431
1431

1424
1425

1448
-0

1432
1433

1450
1453

1438
1440

1436
1432

143C
1433

1431
1433

1415
1416

1439
1437

1366
1363

1428
1430

1420
16422

1442
1443

1427
143C

1446
1447

1433
1435

1432
1432

1425
1627

142¢
1428

1411
1413

1429
14306

1364
13638

la24
1424

L4la
1417

1441

1427

1445

1430

1425

1427

1411

1429

13¢8

1423

lale

143¢
143¢

1423
1425

144C
1443

143C
1433

1426

1427

1424

1422
1425

lace
141C

1424
1427

1365
13¢7

1418
1421

1411
1414

1434
1434

1421
1423

1439
lasl

la2e
1431

1424
la25

1420
1424

1419
1425

1407
1409

1421
1426

1344
13487

1418
419

1407
141l

1431
1433

1417
1420

1436
1439

1428
1428

1422
1423

1419
1421

1423
1421

14C5
1406

1423
1421

1364
1366

1415
1417

14C5
la4C?

1422
1429

1411
1417

1430
1436

1420
1426

1415
1420

1412
1418

1412
1418

1399
1404

1413
1419

1359
1365

1408
1415

1398
14C6

1424
1428

1412
1415

1431
1423

1420
1425

1416
1417

1413
1415

1416
1416

14C1
14C3

1413
1418

1364
1365

14C9
1412

14CC
14C3

1413
142G

140¢
1408

142¢
1425

1415
1417

lall
lall

1409
1409

1409
1410

1397
1397

l141cC
141C

1362
1361

1405
1405

1394
139¢

1417
1420

1406
1409

1423
142¢

1415
1418

1410
1411

1407
1412

1408
1411

1336
1398

1409
1411

1361
1363

1403
1406

1393
1398

1416

1407

1425

1415

1410

1410

1409

1396

1410

1363

1405

1394

1410
1417

1400
1405

1422
1424

-0
1414

1407
1409

1404
1408

1403
1406

1392
1395

1402
1407

1357
1362

1398
1402

-0
1393

1412
lala

1403
1403

1418
1420

1410
1412

14C5
1407

l14Ca
1406

14G2
1405

1392
1364

-0
1406

-0
13¢4

1368
1401

1389
1396

1410
1413

1400
1403

1416
1419

1408
1411

1404
1407

1402
1405

1402
1404

1391
1394

1401
1406

1360
1363

1397
1401

1387
1392

1404
1410

1395
14C0

14C9
1414

1402
1407

1398
1405

1396
14C2

1336
1402

1386
1390

1395
1401

1355
1361

1390
1398

1381
1387

1405
1411

1396
1402

1410
1415

1402
1406

1401
1407

1367
1402

1396
14C0

1286
1391

1398
1401

1357
1361

1392
1397

1280
1387

1406
1410

1397
1401
1408
1413

1402
1405

1404
1405

1297
1400

1295
1400

1286
1389

1395
14C0

1359
1361

1392
1396

1382
1386

14C7
1410

1395
14C0

14C6
1412

1359
14C4

14C2
14C6

1394
1399

1364
1398

13€5
1389

1393
1359

1358
13¢l

1390
1395

1380
1384

1402
1408

1391
1399

1399
14C6

1393
1398

1396
1404

1387
1392

13ee
1394

1378
1388

1388
1393

1354
1359

1383
139¢

1373
1379

1404
1405

1294
1295

13299
1401

1294
1385

12¢8
1402

1289
1291

1291
1291

1280
1281

1291
1290

1356
1256

1284
1287

1275
1376

14C4
14Ce

1395
1397

1397
1399

1362
1392

1365
14C1

1287
13€9

1387
13¢8

1379
13€1

13€9
136C

1401
14G4

1363
12364

1394
1397

139C
139¢C

1397
1395

1385
13ee

1385
1287

1378
1381

138¢
1388

1355
1358

1383
1385

1372
1273
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TABLE III. - SYSTEM LIQUID PRESSURE-DROP CALIBRATION

(a) U.S. customary units

Run |Pump voltage, | Test fluid Pressure, psia Temperature, op Pressure drop, psi
v flow rate,
W Pump 1 Throttle and | Test fluid Condenser Pump 1 Preheater| Test |Pump 1 |Throttle | Throttle valve
Pump | Pump v valve outlet outlet fluid valve outlet to test
1 3 Ibm/hr |Inlet |Qutlet Inlet, | Outlet, | Vapor |Outlet, | Inlet [Qutlet inlet, fluid inlet
Per| Pt | intet | Po g Ty g |
() | ) © @ | @ | @ | @ ’ (e)
1 220 | +250 : 760 ‘[37.5 49.8 30.5 37.9( 36.3 | 36.2 { 37.6 {1125} 1090 1620 1597 | 12.3 19.3 —— '
1A+ 220 I 700 l3’7.5 49.8 32.8 37.9| 36.3 | 36.2 | 37.6 |1125 | 1090 1620 1597 | 12.3 17.0 -—-- |
;120 | i 135 37.6 | 41.0 21.9 38.0| 36.2 | 36.3 | 37.7 |1105| 1075 | 1590 - 1599 |o3.4 ' o19.1 ———-
| ‘. 120 | 685 37.4| 40.6 ;. 24.5 37.8 | 36.0 | 36.1 | 37.4 11125 | 1085 1620 1600 © 3.2 ! 16.1 ———
X I 347 | +150 \ 585 37.7171.9 61.1 38.0 | 36.4 | 36.3 | 37.7 (1095 1075 1617 | 1582 = 34.2 10.8 ————
5 | 297 l 565 37.8 ] 59.5 50.5 37.9 ) 36.4 | 36.5 | 37.7 |1030 975 1532 | 1497 v21.7 | 9.0 -—--
6 & 220 \ 525 38.2 | 48.5 40.8 38.5| 37.0 | 37.0 | 37.9 935 | 8170 1531 1495 | 10.3 | 7.7 -—--
T | 220 , 515 37.5 ! 49.5 41.0 37.8 | 36.1 | 36.3 { 37.7 {1090 | 1042 1617 1492 | 12.0 8.5 -———-
8 120 Y E 475 37.4! 40.17 33.3 37.6| 36.0 | 36.2 | 37.5 |1075 | 1020 1619 } 1575 | 3.3 E 7.4 -—--
9 347 14100 |, 470 37.4| 70.0 | 60.6 37.7| 36.0 | 36.0 | 37.4 |1065| 1030 1638 | 1579 | 32.6 9.4 ———-
10 } 297 i | 445 i3’7.6 59.3 53.2 37.9| 36.2 | 36.4 1 37.7 |1030| 955 1532 1489 | 21.7 6.1 | -——-
11 220 . ¢ 385 38.3 | 48.1 43.8 38.5| 37.0 | 37.2 | 37.9 900 | 810 1533 1477 9.8 4.3 ! ——--
| 12, 120 l 330 37.6139.7 35.7 37.8 | 36.2 | 36.2 | 37.4 |1090 | 990 1627 1563 2.1 4.0 ————
13 120 ' ' 330 37.6| 39.6 34.6 37.8 36.3 | 36.3 | 37.7 |1035| 940 1620 1555 { 2.0 i 5.0 -—--
14 ‘ 297 | +50 340 537.5 59.3 55.1 37.8 | 36.0 ! 36.3 | 37.4 1020 | 925 1534 1472 1 21.8 4.2 -—--
| 1 i !
15 i 220 ‘ +50 [ 255 |38.6 1 48.1 45.8 38.6 | 37.1 37.3 | 38.1 l 885, 750 1536 1 1451 ' 9.5 2.3 ———-
16 350 | Off 390 ‘,37 21176.3 69. 4 37.7, 35.9 | 36.1 ' 37.4 11090 ' 1090 1619 1569  39.1 6.9 32.1
17 350 ! | 390 i37.0, 76.1 69.2 37.4 | 35.7 | 35.6 t 36.9 ; 980 985 } 1619 1560 39.1 6.9 32.2
18 347 | 350 i37.7 68.2 63.8 38.0 | 36.4 E 36.4 37.7 1005 940 ! 1534 ' 1479 30.5 4.4 26.2
119 343 i 345 137.6 67.3 62.8 37.8~ 36.1 ; 36.2 : 37.4 | 920; 855 . 1534 1468 - 29.7 4.5 25.4
'20 310 l 300 }3’7.6 60.5 56.8 37.8’ 36.2 : 36.3 | 37.5 ‘1015( 825 ‘ 1534 ' 1461  22.9 3.7 19.4 !
121 297 . | 295 137.4 | 59.0 55.4 37.6 . 36.0 | 36.1 | 37.3 |1000| 895 | 1536 1463 © 21.6 3.6 18.2 [
22 280 } ' 270 37.7156.8 53.8 37.9 ’ 36.3 + 36.4 | 37.6 ‘ 9901 890 1536 1463 © 19.1 3.0 16.3
23 250 | | 265 36.8 55.3 51.8 37.0: 35.5 ‘[ 35.5 | 36.9 975 945 1622 1540 | 18.5 3.5 15.2
24 250 |y I 245 37.4)53.8 50.6 37.9 L 36.2 ' 36.4 | 37.7 890 835 © 1619 1530 ‘ 16.4 3.2 13.1 i
- L { ‘ L !
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45

25
26
27

| 28

29

30
31
32
33
34

35
36
37

138

39

40
41
42
43
44

46
47
48
49
50
51

240
220
200

200

160

150
120

\

+250
+220
I +180

+160
+150
+140
| +120
+100

| 45

!

220
195
195
1175
130

125

80
740
695
565

490
465
430
375
320

335
280
225
165
100

45
265
230
190
155
105

60

317.
38.
36.
38.
38.

37.
38.1
137.5
317.
37.

37.
31.
37.
37.
31.

137,

31.
|37,
31,
137,

31.
37.
31.
317.
31.
37.
31.

= = 0 W =3

- 49,
48.
417.
46.
42.

42,
40.
+ 37,
38.
31.

37.
38.
31.
31.
38.

72.
63.
56.
50.
46.

44.
79.
75.
71.
68.
65.
64.

W D DN = D

-1 O © o w;

= el O O L e

S W 1O

O oo oo

47.
46.
45,
44.
41.

40.
39.
22.
20.
24.

21.
30.
29.
31.
33.

66.
59.
53.
48.
44.

43.
74.
71.
68.
65.
63.
62.

0 U1 -3 N o N W 0 -1 X W O W W [ =~ B = R S LR 2]

o - V= N« R = I S S -

3.

31.

38.0
38.6
37.3
38.1
38.

(-]

37.
38.
37.
317.
31.

-1 G O = ©

37.
37.
317.

(=T~ T L B B e )

317.

1 387.3

137.1

31.
37.
31.
31.
38.
31.

-] © W -3 O W e

36.
317.
35.
36.
36.

36.
36.
36.
36.
36.

36.
36.
35.
35.
36.

35.
35.
35.
35.
35.

35.
35.
36.
36.
36.
36.
36.

o = =3 0© ® N W O o O

N &N O O

36.
36.
36.
36.
36.

36.
36.
36.
© 36.
36.

36.
35.
35.
35.
35.

| 35.
36.
36.
36.
36.
36.
36.

P N
0 ~3 W W W

w O O N O N O = o o

W 0 -1 M O

W b DD NO ®

31.
37.
37.
317.
31.

317.
37.
37.
31.
37.

37.
36.
- 37,
v37.
31.

37.
31.
31.
317.
37.
31.
37.

B W s o 00 00 =J m O O

-3 W = Ul W

R R NN N N~

O - O WO =

885
825
970
920 |

875
945
1080
1105
1045

1030
1075
1015
1010
' 1015

Y f
‘ 915

770
725
785
800
675

750
625
1035
1075
1015

985
1022
965
945
935

1536
1536
1622
1540
1557

1622
1546
1616
1439
1512

1609
1619
1619
1619
1613

1614
1618
1620
1622
1623

1624
1619
1624
1620
1620
1622
1626

1439
1439
1510
1432
1407

1470
1359
1589
1430
1486

1556
1575
1559
1546
1550

1547
1537
1523
1495

1439

1333
1521
1527
1514
1486
1444
1327

12.

35.
26.
19.
13.

10.

D W U1 O T N N

[T ) K L B >

42.
31.
33.
30.
27.
26.

[ ]

B WO WO

15.
17.
12.

= DN N e D
B O N W

B -
PO T O w D

o DN DN W T e

N O o o O O WO O =

W o Ao O =

[y

2positive values indicate pumping; negative values, bucking.
bCorreci:ed to pump centerline elevation.
CCorrected to valve centerline elevation.

dCorrected to pressure tap elevation.

€Corrected to test fluid inlet elevation.

fNotrecorded.
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TABLE IIl. - Concluded. SYSTEM LIQUID PRESSURE DROP CALIBRATION

(b) SI units
Run | Pump voltage, V| Test fluid Pressure, kN/mZ abs Temperature, K Pressure drop, kN/m2
flow rate,
Pump 1| Pump 3 W Pump 1 Throttle| Test fluid Condenser Pump 1 Pre- |Test |Pump 1 [Throttle | Throttle valve
v valve heater | fluid valve outlet to test
g/sec Inlet |Outlet| ,ijet |Inlet, |Outlet,| Vapor |Outlet, | Inlet |Outlet outlet |inlet, fluid inlet
Pt,I Pt,H inlet Pc,II Tt I
(a) (b) © @ @ | @ | @ ’ (e)
1 220 +250 96 + 2569 | 344 210 262 250 250 260 880 | 861 1155 | 1142 85 134 ---
1A| 220 +250 88 259 | 344 226 262 250 250 260 880 | 861 1155 | 1142 85 118 -
2 120 +250 93 260 | 283 151 262 250 250 260 869 | 852 1138 | 1143 23 132 ---
3 120 +250 86 258 | 280 169 261 248 249 258 880 | 858 1155 | 1144 22 111 -
4 347 +150 74 260 ! 496 422 262 251 250 260 863 | 852 1153 1134 236 74 =
5 297 +150 71 261 410 348 262 251 252 260 827 | 797 ' 1106 1087 149 62 ---
6 220 +150 66 264 335 282 266 255 255 262 775 | 739 1106 1086 71 53 ---
7 220 +150 65 259 341 283 261 249 250 260 861 | 834 1153 1084 82 58 ——-
8 120 +150 60 258 281 230 259 248 250 259 852 | 822 1155 1130 23 51 ---
9 347 +100 59 258 483 418 260 248 248 258 847 | 827 1165 1132 225 65 -—-
10 297 +100 56 260 409 360 262 250 251 260 827 | 786 1106 1082 149 49 -—-
11 220 +100 49 264 332 302 266 255 257 262 755 | 705 1107 1076 68 30 -—-
12 120 +100 42 260 274 246 261 250 250 258 861 | 805 1159 1123 14 28 ——-
13 120 +100 42 260 273 239 261 250 250 260 830 | 178 1155 1119 13 34 -
14 297 +50 43 259 409 380 261 248 250 258 821 | 769 1107 1073 150 29 -—-
15 220 +50 32 266 332 316 266 256 257 263 747 | 672 1109 1061 66 16 -—-
16 350 Off 49 257  H27 478 260 248 249 258 861 | 861 1155 1127 270 49 222
17 350 49 255 525 477 258 246 246 255 800 | 803 1155 1121 270 48 222
18 347 44 260 471 440 262 251 251 260 813 | 778 1107 1077 211 31 182
19 343 44 260 464 433 261 249 250 258 767 | 730 1107 1071 204 31 175
20 310 38 260 417 392 261 250 250 259 819 | 714 1107 1067 157 25 134
21 297 37 258 407 382 259 248 249 257 811 | 753 1109 1068 149 25 126
22 280 34 260 392 371 262 250 251 259 805 | 750 1109 1068 132 21 112
23 250 33 2564 382 358 255 245 245 255 797 | 780 1156 1111 128 24 105
24 250 ) 31 258 371 349 262 250 261 260 750 | 719 1155 1105 113 22 90




611

25 | 240 28 260
26 | 220 25 266
27 | 200 25 254 -
28 | 200 22 263
29 | 160 16 263
30 | 150 | 16 260
31 | 120 Y 10 263
32 | off +250 93 259
33 +220 88 258
34 +180 71 257
35 +160 62 257
36 +150 59 259
37 +140 54 257
38 +120 47 258
39 ‘ +100 40 260
40 ) -45 42 ! 257
41 35 256
42 28 256
43 21 257
44 13 255
45 / 6 256
46 -90 33 257
47 29 258
48 24 259
49 20 260
50 13 261
51 J y 8 260

344
332
326
322
295

293
280
262
262
260

262
262
260
262
262

500
436
390
348
317

304
548
517
492
469
453
442

328
321
310
308
285

282
271
152
140
171

192
212
206
216
229

461
408
370
335
309

297
513
491
473
453
440
433

. 262

266
257
263
264

262
263
261
261
260

260
260
259
260
261

257

256

256
259
260
260
262
262
260

252
256
246
253
253

251
253
248
248
249

248
248
248
248
250

247
247
246

248
248
250
251
251
250

250
257
248
253
254

252
255
249
248
250

248
250
248
248
250

248
246
246
247
247

247
248
250
250
251
251
250

259
262
256
260
261

261
261
258
257
258

2517
259
256
257
260

256
264
255
256
255

255
257
258
258
260
260
258

764
747

714

794
767

741
780
855
869
835

827
852
819
816
819

683
658
692
700
631

672
603
830
852
819

803
823
791
780
715

1109
1109
1156
1111
1120

1156
1114
1153
1055
1095

1149
1154
1154
1154
1151

1152
1154
1155
1156
1157

1157
1154
1157
1155
1155
1156
1159

1055

, 1055 ¢

1094
1051
1037

1072
1010
1138
1050
1081

1120
1130
1121
1114
1116

1115
1109
1101
1086
1055

996
1100
1104
1097
1081
1057

993

84
66
72
59
32

243
180
134
91
62

48
291
259
233
209
192
182

16
11
16
14
10

11

110
122
89

70
50
54
46
33

39
28
20
13

35
26
19
16
13

69
57
56
48
25

4positive values indicate pumping; negative values, bucking.

bCorrected to pump centerline elevation.
Clorrected to valve centerline elevation.

dCorrected to pressure tap elevation.
€Corrected to test fluid inlet elevation.

fNot recorded.




TABLE IV. - TEST BOILER LIQUID PHASE DATA

(a) U.S. customary units

Ibm/hr | Terminal temperatures, °F

Heating fluid

Test fluid pressure,

psia

Heat-transfer rate,
Btu/hr

Run [ Flow rates,
Test fluid, (Heating | Test fluid
W, fluid,
w Inlet, [Outlet,
s

(@) Ter | Te,m
1 1370 1050 1754 | 1846
2 1360 1530 1755 | 1864
3 1310 1910 1491 | 1577
4 1360 2320 1757 | 1878
5 1310 2870 1491 | 1580
6 1310 3920 1493 | 1582
7 4530 1040 1486 | 1525
8 1540 1486 | 1534
9 2080 1489 [ 1548
10 2270 1488 | 1550
11 4510 3070 1488 | 1555
12 4510 4000 1488 | 1565
13 960 910 1983 | 2118
14 1750 1040 1498 | 1548
15 1990 1040 1678 | 1755
16 2640 1070 1578 | 1634
17 3350 990 1509 | 1550
18 600 2900 1503 | 1600
19 650 2930 1600 | 1693
20 1040 2920 1498 | 1589
21 2650 2970 1579 | 1673
22 3300 2970 1496 { 1582
23 3470 2970 1497 | 1579
24 1980 2350 1675 | 1783
25 2640 2340 1579 | 1665
28 3340 3840 1517 | 1598
27 600 440 1548 | 1687
28 600 470 1541 | 1744
29 590 600 1595 | 1714
30 600 1542 | 1764
31 630 1543 | 1815
32 1090 | 1557 | 1853

Inlet,
Ts, I
1897
1899
1599
1900
1594

1591
1650
1646
1649
1647

1644
1645
2160
1595
1834

1723
1650
1602
1695
1600

1728
1656
1652
1827
1728

1653
1747
1811
1746
1809
1851

1872

8Runs 1 to 26, preliminary; 27 to 32, final.

120

Outlet,
Ts, o

1768
1794
1533
1820
1549

1555
1496
1507
1525
1527

1544
1558
1995
1507
1692

1590
1515
1577
1667
1560

1640
1559
1555
1734
1630

1583
1549
1556
1614
1589
1607
1710

Inlet, |Outlet,

P 1

48.7
48.0
24.6
48.5
24.3

24.6
54.4
55.0
54.2
55.1

54.5
54.6
24.6
49.2

50.2
50.6
23.8
23.7
24.4

50.6
51.5
51.2
49.2
49.9

50.6
36.6
38.7
37.4
38.6
52.3

53.0

Pt 11

46.6
45.8
21.9
46.3
21.6

21.9
47.2
7.7
46.7
47.7

47.5
47.1
21.5
46.4

46.6
45.6
21.6
21.5
21.9

47.0
46.5
46.2
46.3
46.2

45.6
34.7
36.9
35.5
36.7
50.5
51.1

Test fluid,
Q

41.2x103
48.3

o
¢ [
(= NN

36.
54.
68.
83.
88.

o~
¢ w
= o e W e W WO s

—
s [=c]
= O O o w,

79.
87.
88.
68.
71.

C-SC IS IS IS |

85.
26.
38.
22.
41.
51.
57.

DN W D p w3 = N

Heating fluid,

44,
52.
39.
60.
40.

43.
50.
67.
82.
86.

96.
110.
50.
28.
47.

45.
42.
23.
26.
36.

83.
90.
90.
70.
73.

84.
27.
38.
25.
42,
49.
57.

Qs

1x103

D B DN oo ® o v O -3 NN O W [ I NG

- U N

N0 DN o -3 o

Heat-transfer
rate ratio,

/@y

.930
. 805

.895

.835

.013
. 020
. 023

o e e

. 984
.985
. 865
.948
1.040

.994

.738
.798

. 955

.975
.970
. 969

1.008
. 942

[

.031

-t
o
[=

Enthalpy rate ratio,
1=
WCp) /W C,),

L7173
.135

723
.21

B it e O
'S
=3
@

.344
.463
.506

. 687
. 898
. 957
.596
. 528

. 410

[

.83

—
—
w
[~

.910

1.160

.021

P et




Run

(@)

Db W DN =

O 0 -3 P

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30
31
32

2Runs 1 to 26, preliminary; 27 to 32, final.

Flow rates, g/sec

Test fluid,
Wy

571

569
569
121

251

333
422
6
82
131

334
416

250
333

421
76
76
4

F{eating
fluid,

Ws

132
193
241
292
362

494
131
194
262
286

387
504
115
131
131

135
125
386
369

484
55
59
76
76
79

137

TABLE IV. - Concluded. TEST BOILER LIQUID PHASE DATA

Terminal temperatures, K

Heating fluid

Test fluid
Inlet, |Outlet,
Ty1 | T,
1230 | 1281
1230 | 1291
1084 | 1131
1231 | 1298
1084 | 1133
1085 | 1134
1081 | 1102
1081 | 1107
1083 | 1115
1082 | 1116
1082 | 1119
1082 | 1124
1357 | 1432
1087 | 1115
1187 | 1230
1132 | 1163
1093 | 1116
1090 | 1144
1144 | 1196
1087 | 1138
1132 | 1185
1086 | 1134
1087 | 1132
1186 | 1246
1132 | 1180
1098 | 1143
1115 | 1193
1111 | 1224
1141 | 1207
1112 | 1235
1112 | 1263
1120 | 1285

Tnlet, |Outlet,
Ts,1 [ Tt,m
1309 | 1237
1310 | 1252
1143 | 1107
1311 | 1266
1141 | 1116
1139 | 1119
1172 | 1086
1170 | 1093
1171 | 1102
1170 | 1104
1168 | 1113
1169 | 1121
1455 | 1363
1141 | 1093
1274 | 1195
1213 | 1138
1172 | 1097
1145 | 1131
1197 | 1181
1144 | 1122
1215 | 1166
1175 | 1121
1173 | 1119
1270 | 1219
1215 | 1161
1173 | 1134
1226 | 1116
1261 | 1119
1225 | 1152
1260 | 1138
1283 | 1148
1295 | 1205

Heat-transfer rate,

kW

Test fluid,

Q

() SI units
Test fluid pressure,
k.N/m2

—

Inlet, | Outlet,
Pyl Pym
336 322
331 316
170 151
334 320
168 149
170 151
375 326
379 329
374 322
380 329
376 328
376 325
170 148
339 320
346 322
349 314
164 149
164 148
168 151
349 324
355 321
353 319
339 320
344 319
349 314
252 239
267 254
258 245
266 253
361 348
366 352

12.
14.
10.
15.
10.

WO N

10.
15,
19.
24,
25.

W MW O w

21.
31.
12.

T.
14,

a © O

13.

@ o o
[3 I

23.
25.
25.
20.
20.

O O W ;M w

25.

11,

12.

15,
16.

|

[=2]
1D = DD OwWwo o

Heating fluid,

12.9
15.2
11.4
7.7
11.8

12.86
14.8
19.6
24,1
25.3

28.3
32.2
14.8

4
14.0

13.
12.

o
-~ -1 ® W W

10.

24.
26.
26.
20.
21.

(=T o T ) R RV -

Heat-transfer

rate ratio,

/Qs

0.932
.930
. 905
.901

.835
.075
.013
. 020
.023

- e e

. 975
.970

1.008
. 942
1.006
.895
. 975

oy

.00

Enthalpy rate ratio,
I=(Wep) /Wep)

.73
.135
.468

D et p= e O

.21

E\D»b»b
o« a0
W ]

.910

1.202
. 895

1. 160
.738
.789
.021
.026
.079
. 885

e et

121
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RUN

10

11

12

13

14

15

16

17

SERIES
40C
3cC

4CC
3cC

4CC
3cCC

4CC
3¢C

40C
3C¢C

40¢
30C

4CC
30C

4CC
3¢C

4CC
30¢

4CC
3¢CC

4CC
3C¢C

4CC
3cc

4CC
3cc

40C
3CC

4CC
3CC

4CC
30¢

4CC
3cC

4G.5

L1es3

18<9

16€0

L9C3

1597

1534

1646

less

1€49

1€49

Le49

1647

2158

1552

1834

1720

l€46

4845

1888

1895

1558

1857

1592

1590

1643

lé64C

1646

1€43

1644

1644

2141

1590

1830

1717

1643

46.5
1889
1€88

1896
1893

1596
1598

193¢0
1897

1594
1588

1592
1588

1644
1641

1641
1641

1e47
1643

1646
1643

1647
1€44

1645
1645

z15¢C
2143

1592
1585

1830
1827

1717
1714

1é44
1643

44,5
1578
1878

1885
1888

1592
1593

1361
1892

1588
1585

1585
1587

1624
1622

162¢
163C

1634
1633

16324
1632

1636
1634

1637
1637

2135
2131

158¢C
1578

1814
1314

1700
17060

1626
1626

43
1817
1878

1889
18€9

1566
1593

1837
1895

1591
15¢€7

1591
15€8

1669
1610

1623
1620

1629
le27

1623
1629

1637
1629

L1641
1635

21135
2136

158¢C
1578

1808
1e12

1693
1696

L6114
1620

41
1873
18¢¢8

1ee9
1885

1595
1592

18s7
1862

1591
15€1

1592
15€7

1602
1593

1¢17
16C9

1623
1e2¢C

162¢
1623

1632
1629

1€4C
1631

2134
212%

1576
15¢8

18cs
l18CC

165C
1682

161C
1¢C4

w
0

l1eee
leee

1883
18€2

188¢
1588

18612
18592

128¢€
1585

1891
1581

lece
16C4

1613
1e12

Le1?
1€14

1627
l1e2¢

1€32
1628

z12¢
2122

15¢5
1

17532
1764

1¢7¢
1¢7¢

1583¢
159¢

TABLE V. - BOILER SHELL SURFACE TEMPERATURES
(a) U.S. customary units

Distance from centerline of shell outlet, in.
27 28 23 31 2% 21 25 23 21 19 17
TENFERATLRES, CEGREES FARRENFETT

LEE2 1827 1851 1€44 1843 1€£28 182¢€ 182¢ 1814 18CsS
1E27 1854 184G 1€42 18739 1€32 1825 1823 1817 1814 1808

LEE3 1€8C 1872 187C 187C 1862 1657 185% 1845 184¢
LETS 1E7¢ 1872 18¢€8 1866 1€61 1857 1853 1846 1845 1841

1562 1592 1585 1585 1586 158C 1575 157S 1570 1%1C
15€8 15€€ 1585 1582 1582 157¢ 1575 1575 1570 1568 15¢é¢

1€63 1€G62 1t87 1887 1887 1£83 1877 187¢ 1E65 18¢€¢
1861 1€8S 1€87 1€84 1884 €81 1872 1875 1871 1866 1865

1861 186C 1587 15€7 159C 1584 1581 1582 1577 18117
1S€4 1594 1582 1582 1581 158¢ 1517 157¢ 1574 1572 1572

1261 166z 15E€ 15€7 1591 1567 1585 1587 1581 1581
L€€7 15€7 1587 158Z 1584 1582 1581 1581 1580 1578 1578

LEE2 1572 1560 1556 1553 1546 153¢ 1536 1525 1523
1873 15€7 1556 1551 1544 1538 153C 1527 1524 1521 151¢

1€C2 159z 1583 15€C 1577 1569 1561 1557 L55C 154¢
L€64 158S 1582 1574 1569 1561 1554 1552 1546 1543 1528

L€1C 1€Cé 1597 1592 1589 15€C 1577 157¢ 1563 1587
1€Ce 1€Cz 1594 159C 1586 158C 1574 1572 1566 1560 1557

lela 1£1C 1603 1597 1597 15€71 1583 158C 1572 15¢4
LECS 16C¢ 160C 1593 1590 1564 1577 1576 1572 1564 1561

1€24 1€2C 1614 1€12 1el1C 16C2 16CC 1594 1589 1¢€ez2
LE17 1€1¢ 161C 16C7 16C4 1€CG 1592 1592 1586 1580 15€0

1631 1¢3C 1622 162C 1621 1614 161C 161C 1€CG 1867
L€24 1€22 1€2C 1€17 1€15 1€C2 1602 1604 1557 1595 1594

2122 211€ z1C€ 21C2 21C0 2CS2 2078 2C7¢ 2062 2C56S
2114 211C 2105 20S7 2C95 ZCB4 2075 2072 2C¢9 2C62 2CSS

127C 1€¢¢ 1557 1556 1557 155G 154¢& 1544 1533 1523
1€ 15 1552 1550 1546 1542 1537 153€ 1531 152G 152¢

L7895 1781 1772 17€€ 1763 1756 174¢ 1746 1731 1728
L7€5 177€ 1774 1766 1762 1153 1748 1742 1737 1734 172C

LE72 1€€€ 1658 165C 1650 1€44 1634 1633 1620 1¢18
Leé€8 1€6€2 1657 165C 1647 164G 1632 163C 1625 1623 1¢18

1562 1582 1574 1565 1566 15€% 1552 155¢C 1538 1537
1€€6 158C 1573 1567 1560 1556 1549 1547 1543 1537 1536

15
18Ce
1805

1838
183¢

156¢
1562

1862
1864

1578
1571

1581
15171

152¢
1513

1543
1534

1554
1552

1561
1557

1582
1577

1595
1588

2053
2051

153C
1524

17217
1724

1615
1414

1534
1532

13
18C3
18C2

1835
1832

1562
1£59

1864C
1858

1672
1568

158C
1578

1515
1512

1537
1821

1553
1547

1557
1881

1519
1573

1552
1585

2C4¢
2044

1527
1523

1721
1721

1613
1611

1531
1530

1799
1758

1831
1€31

15632
1557

1£58
1857

1£8C
1575

1514
1506

1523
1530

1551
1844

1856
185¢

157¢
1573

15¢€e
1584

2C42
2042

1526
1521

1720
1717

1€13
1€1¢C

1530
1228

1591
1584

2041
2C34

1718
1716

1611
1608

1830
1527

-

1755
1754

1827
1823

1557
1556

1€€5
18s¢C

1871
15¢5

1577
18172

1512
15C7

N W
w o

1544
1541

1583
1546

1569
15¢7

15€4
15€1

2€322
2032

1524
1517

171¢
1711

16C7
1€CS

1528
1525

1779
17¢6

18C6
1787

1544
1523

1€34
1£30

18¢2
1549

1871
1£58

1501
1492

1518
1207

1523
121

1524
1£27

1256
1546

1672
1562

zC12
1589

1514
15C1

1659
1¢89

1595
1587

1520
1£11

17€¢
17€1

1765
17€4

1523
1527

1821
1821

1456
14SC

15C9
15C2

1522

18
1525
1€2¢

1547

‘1541

15€1
1585

1¢68
1982

15C7
1459

1675
1¢€5

15€8
15¢€4

1515
15C8

=C.5

176S

1791

1531

1814

1846

1857

1458

15C8

1522

154¢

1558

2CC4

167¢

1590

1517




gel

18

19

20

21

22

23

24

25

26

27

28

29

3¢

31

32

4CC
3CC

4CC
3cC

4CC
3¢C

40C
3cC

40C
3cC

4CC
30C

4CC
3¢C

4CC
3a¢C

40C
3CC

4GCC
3cC

40C
3cC

4CC
3c¢C

4CC
3CC

4CC
30C

4CC
3CC

1607

1668

16C3

172¢

1657

1654

1€€5

1724

1768

1738

18C2

Leas

1271

1602

1654

1eCC

1726

1653

1826

17217

1652

1734

1758

1727

18C0

1842

1865

16C5
1598

1695
1692

1601
1569

1728
1726

1657
1651

1652
1651

1829
1826

1728
1727

1653

1652

1723

1798

1738

1800

1842

1869

1569
1596

1690
1691

1564
159¢

1718
1721

l164¢
164¢€

1641
1647

1819
131§

1717
1720

164¢
1643

17117
1717

1780
1779

1729
1732

1791
1791

1831
1831

1861
1861

1eCS
1558

1668
1694

1ecce
1569

1721
1719

1644
1643

1645
1é41

1823
1219

172C
1717

1649
1€48

1710
17C¢6

177G
1767

1727
1731

1765
17¢7
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TABLE V. - Concluded. BOILER SHELL SURFACE TEMPERATURES
(o) SI units
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1292
1291
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13C1
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1138

13C¢7
13Cé

1138
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114¢
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1155
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1434
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1251
1252
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1139
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1136
1137
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1148
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1149
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11¢&1
1158

1424
143¢
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1122

1249
1247

1184
11€2

1140
1136

Distance from centerline of shell outlet, cm

€9
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13cc
12¢¢

114C
113€

13Cé¢
12C¢

113¢
113¢

114C
1137
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112¢

114¢C
113¢€

1148
1145

115C
114¢
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115¢

1432
1428
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112¢C

1245
1243
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1176

1132
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€4

TEMPERATURES,

1284
1283

1295
1295

1136
1136
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1304

1137
1134

1138
1137
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1135
1134

1143
1141

1146
1144

1152
1150

1156
1155
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1425
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1118
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1241

1176
1176
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e
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1134

1137
1136
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1139
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1148
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1172
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1126

14
1279
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1294
1292

1136
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13C2
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1134

1139
1135
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1113

1131
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1138
1136
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1139
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1419
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1114
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1276
1273
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1289
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1271
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1287
1285

22 1133
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1295

1134
1131

1136
1134

111l¢
1105
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1118

1131
113¢C

1135
1131

1144
114¢C

115€C
114¢

1410
1408

1114
1108

1226
122¢

1163
1163

1118
111¢

58

DEGREES KELVIN

1266
1268
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1285

1133
113¢C

1298
1297

1134
1132

1137
1134

1109
1104

112¢C
1118

1131
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1132
1131

1141
114C
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1113
11Cs
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1163
1161
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1265
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11c2

1114
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1129

1136

1143
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11C6
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1158

1113
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1280
1280
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11¢0
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1113
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1122
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1138
1133

1144
1141
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1219
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1110
1109
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1260
1260
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1278
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1291
1291
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1129

1124
1132

1101
1€SS

1114
111¢C

1120
112¢

1124
1123

1134
1123

1143
1141

1359
1367

1107
11C3

1215
121¢

1154
1154

11Cs
11Cs

38
1260
1258

1277
1275
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1124

129C
1291

113C
1128

1134
1131
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1097

1113
1108

1119
1118
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1131

1141
1138

1396
1395

1105
1102

1215
1213

1153
1152

1108
1107

32
1257
1256

1275
1273
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1121

12898
1288

1129
1126

1133
1120

1097
1095

11€9
11Cé

1118
1115
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1117

1133
1129

114¢C
1136

1352
1391

1104
11C1

1211
1211

1151
1150

11C¢
11C5

28
1255
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1273
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1124
1120

1268
1287
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1126

1133
1130

1096
1094

1107
11C5

1117
1113
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1116

1131
1129

1138
1135
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1390
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11C0

1211
12C9

1151
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11C5
11C4
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1273
1270
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1133
1130
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1094
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1104

1116
1113
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1115

1130
1127

1139
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1289
1285

1104
1Cs9

1210
1209

1150
1149
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1104

1lg
1253
1252

12170
12¢8

1120
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1286
1283

1128
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1131
1129

1C95
1Cq83

11C5
11¢3

1113
1111

1118
1114

1127
1126

1135
1134

13€4
1384

11¢2
1088

12¢9
12C6

1148
1147

11C4
11¢3

10
124¢&
1244

1263
126¢C

1118
1113

1278
12717

1124
11158

1128
1124

1¢93
10%1

11C2
110¢

111C
1107

1113
11CS

1123
112¢C

1132
112¢€

1376
1385

1698
1695

1202
1201

1144
1144

11cC
11¢C

1244
1236

1259
1284

1113
1107

1274
1272
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1116
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1121

1C89
1C84

1€97
1€33

1107
11C0

1108
1104

1120
1114

1129
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1273
1260

1C96
1ca9

1199
1194

1141
1137

11C0
1C95

1.3
1236
1224

1253
1246

11¢7
11c4

1267
1267

1117
1114

1121
1119

1cee
10€3

1C94
1Cs0

1iCc1
1Cs9

11C3
11€0

1115
1111
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1119

'13€5
135¢

1€93
1088

'11€6
1151

1128
1135

1C57
1€s3

-1.3

1238

125¢C

11C¢

1263

1116

1120

1088

1€s3

1101

1103

1114

1121

1366

1€83

118¢

1135

106¢€
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