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PREFACE

The Atomi@ Energy Commission has given Oklahoma State University
a grant to build a water heat transfer loop., The purpcse of this
thegis is to present the design Qf supplementary equipment and instrue
mentation to convert the tmsic water loop into a two-component loop.

The design of equipment nseded to introduce air and extract air
fromthe basic water loop is presented, In order for the reader to be
familiar with the basic water loop a chapter deseribing it was ineluded,
The procedure of testing the twoccompoﬁent loop is also presented,

The caleulations to determine the heat transfer coeffielents are pre-—
sented in the appendix.

The design incorporates the following itemss compressor, oil-
water separater, air purifier; air filter, pressure, temperature,
and flow rate instrumentation, mixing tee, sight glass, and air bleed-
off wvalve,

I wish to express my thanks to Dr. J. H, Boggs for his invaluable
aid and assiétan@e in the writing of this paper, I wish to thank,
also, Mr, G. E, Tanger for his helpful suggestions in the preparation
of this paper, I am indebted to Professor B, S. Davenport for his con-
struetive criticism of my thesis., Indebtedness is expressed to
Mrs., NﬁldredlAvery for efficient and @apabie.services as my typist.
Acknovwledgement would be incompiete without mentioning the sacrifices

made by my wife9 Marlene, to whom I dedicate this paper,
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SYMBOLS' AND ABBREVIATIONS

circumferential area, square inches or square feet

ratio of actual cross—8ectional area of liquid flowing to
area of a circle of diameter Dy,

temperature coefficient of eleétri@al resistivity

ratio of actual cross—sectional area of gas f1©w1ng to area
of a circle of diameter Dj.

g°
temperature coefficient of thermal conductivity
experimeqtal @p@stant'
experimental coﬁstant
specific heat at constant ﬁressure
actual diameter of pipe filled with 1liquid, inches or feet
diameter of pipe, inches or feet
actual diameter of pipe filled wifh gas, inches or feet
voltage drop, volts
temperature degrees Fahrenhéit
Fanning friction fa@tof
gravitatiénal constant
mass velocity
heat transfer coefficient forlliquid phase
heat transfer coefficient of two-phase, twe-component flow
heat transfer coefficient at (x) @roséésecti@n

electrical current, amps
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eonversion congtant

thermal conductivity
experimental constant
experimental constant

power, watts

- power dissipated, Btu/shr

electri@al»reskﬁiviiy'at (xj cross-gection, ohms
electrical resistivity

radils, outside of test section, inches

outside wall temperature, °F

bulk temperature of fluid, Op

inside wall temperature, OF

temperature drop through wall of test section, ©OF
temperature drop through film, ©F (T4 = Ty) :
furbuient fléw

dynamic viscogily

viseous flow

tube_wali thickness

eﬁperimentai constant

experimental constant

average density of liduid

average density of gas



AICHE
ASVE
efm
gpm
in
rpm

Trans

ABBREVIATIONS

Americen Institute of Chemicel Engineers
American Socilety of Mechanical Engineers
cubic feet per minute

gallons per minute

inches .

revolutions per minute

transactions
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CHAPTER I
INTRODUCTION

‘The subject of two-phase, two-component flow has become increas-
ingly important because of the need for a method to determine the
pressﬁre drop and heat transfer @oeffi@ient for gas=liquid flow., The
petroleum industry has been interested in pressure drop because this
type of flow exists in gas<lifts. The~power industry is interested
in heat transfer characteristics because this type of flow is encoun-
tered in atomic reéctorsa
I. Deseription of Two-=Phase, TW©=€®mp©nen£ Flow

The phencmenon of two-phase, two-component flow is very complex
to analy%ebmathematicallyu The classical laws of fluid flow and heat
transfer no longer define the phenomenoﬁ taking place. The velocity
and temperature profiles can no longer be predicted. These usual pro-
files are distorted by the inﬁroduetion of two fluids at different
rates of flgw and different temperafureso This means that the mgxinmum
velocity and temperature of each fluid is not at the center of the pipe,
which would be the case if either fluid was flowing alone in the pipe.
This leaves the determination of the average velocity and temperature
to experimental means. All of the results presented to date on this
subjéct have been experimental correlations, The phenomenon called two-=

phase, two-component flow indicates that there are two fluids of



different specific weights flowing in the same pipe; either of the
two fluids may be in the liquid or gas phase, or in both phases., One
example might be water and air flowing concurrently.
II, TFlow Mechanisms

The descriptions are further complicated by the fact that in gas-
liquid flow there are four possible combinations of visecous and furbum
lent flow conditions, This is to say that eéach fiuid could be in either

of the two flow conditions. These combinations aré as followss

Liquid Gas
A, Viscous mommome e Vigcous
B, Vi8801s mommm—m=e Turbulent
i Turbulent == Tisecous
D, "Turbulent ==m——w= Turbulent

III., Flow Patterns

| ‘In addition to these flow combinations there are numerous geo-
metrie flow'pattérnsa To understand and illustrate these patterns,
the case of a horizontal pipe will be deseribed, (See Fig. 1).

A, BUBBLE FLOW - If a small amount of gas is admitted to 2 pipe
flowing full of a liquid, the gas would flow along the top of the pipe
in small bubbles, This is called bubble flow,

B, PLUG FLOW - The gas rate is iﬁ@reased until the bubbles ecol=
lect into plugs which flow at intervals at the top of the pipe,

C?: STRATIFIED FLOW - The gas rate is inereased wuntil the plugs
connect and fhe gas occupies a definite portion of the pipe. This is
called stratified flow, _

D, :WAVY FLCW = This flow is essentially stratified but the gas
rate is increased to form waves on the 1iquid surfa@eo

E, SLUG FLOW = The gas rate is increased so that the waves fill

the entire pipe at intervals.,
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F. ANNULAR FLOW — At high flow rates the jiquid moves to the
tube walls and the gas fiows in the core.

G, MIST FLOW = At very high flow rates the annular layer of
ligquid disintegratés into a mist:pr spray evenly distributed in a

continuous gas flow,



CHAPTER II
PREVIOUS RESEARCH

The study of pressure drop and heat transfer characteristies
of two-phase, two=component flow has been conducted by numerous in-
vestigators, The results may be found in the articles listed in the
appendix., The most widely accepted work done on pressure drop was
accomplished by Martinelli and Lockhart, (4). The most widely ac—
cepted work done in the field of heat transfer was done by Johnson
and Abou=Sabe, (7). These men correlated all experimental variables
into dimensionless parameters,

Martinelli et al, made two basic assumptions in their correla-
tion. These ares

1. The statie pressure drop for the liguid phase equals
the static pressure.drop for the gaseous phase regard-
less of the flow pa%terng so long as an appreciable
radial statie pressure difference does not exist.

2. The volume occupied by the liquid plus the volume
occupied by the gas at any instant must equal the
total volume of the pipe,

The static pressure drop, defined by the Fanning equation, for

liquid and gas flow iss

(BB o~ g B2 e Baed Q)

AL TP Y n e .

AR - <; £ gé;ggz S (2),
ALjpp N Dge |



Siibstitﬁting into BEq, (1), the friction factor in Blasius form and

the velo@ity in terms of mass and area are:

N2 Dy \ 5§
(9, 38), (%)

For simplicity Martinelli defined:

}.'2 PEAY AP |
ﬁL AT TP AIL

Thuss

=, 2 (D) Ex
ﬁL A (ﬁ"ﬁ) 25}\

and similerly for equation (2)s

‘f. = o M2 P\ M
Pe =.a; 2 @) S

(3)

(4)

(5)

(6)

where (#{9) and (.,/31) are the ratio of actusl cross—sectional area

of floy to the areaiof a circle of'diame"ter(DL) and(D

ot () (M;(C ) (C ) are experimental constants,

g) » The values

I't is assumsad that all other variables not included in (#) are

functions of a new variable (X)

\

The néw‘ variable may be.defined ass

These parameters will have s*u'bscriﬁtg)~ defining the state that

gach fluid is in, such as, vv, vt, tv, tt,

The first letter-of each



subscript deseribes the liquid flow condition, while the second de-
fines the gas.
Johnson and Aou-Sabe postulated that the heat transfer coeffi-

@1ent for two=phase, twomcomponent flow was defined bys

hTP = ZghL # Zihg (8)

wﬁere Zganq Zyare, respectively, gas and liquid rate factors with
values betwegn*(@) and (1), to be determined from experimental data,
‘ﬁhe hL and hé‘are, respectively, liquid and gas heat transfer coeffi-
cients, The hLand hgare assumed to be represented by the following

equations

hD = 0,023 /DB 0.8 [Cm) 0.4 (9)
K 1 . K o

where D and G are based on effective hydraulic diameters,
The values of (ZL> for the data presentsd.by Johnson and Abou-
Sabe were found to be quite small, The terms were dropped from equa-

tion, and the empirieal relation for (Zg) was obtained,

% e | (10)
1 4 0,606 (DpGgug

This is true if the liquid determines the volume of gas flowing in the
ystem, The values of (Z } and (Z ) are ealculated from experlmental
data, They are caleculated from Eq. (8), This equatmon equates the heat
transfer coefficient for twn=phéée flow to the sum of the prodﬁcts of

the heat transfer @oeffidieﬁf‘for liquid and gas flow, and those constaﬁts,

The results then may be correlated to give a direct solution of the two-



phase, two=component heat transfer coefficients,

This correlation has yet to be given absolute verification,



CHAPTER IIIX

STATEMENT OF PROBLEM

The Atomic Enérgy Commissien has given Oklahoma State‘Univerm
sity a grant fochonstru@tidn of apparatus to study singlemcomponent
pressure drop and heat transfer characteristics, The regions of
investigatign are forced convection, local boiling, and neﬁ'beilingo

Since the ofiginal grant was for the study of single-component
flow, it was decided by the author to design the supplementary equip-
ment recessary to study two-phase, two=component flow, The original
loop was designed to use water as the single-component, Air is the
second cogpanent for which the present alteration in the design was
made;' The object, therefore, becomes the design of the equipment to
introduce air into the loop and the equipment to extract air from the
loop., This object is to be accomplished without appreciable change
in the original\loopg if possible, The secondary object is to pre-
sent the caleulations necessary to determine the heat transfer coef-

ficient,



CHAPTER IV
SELECTION OF DESIGN VARIABLES

. Many of the design variables depend upén the type and capacity
of thé compressor, The compressor chosen is a two-stage; positive-
displacement compressor with intercooler. The compressor is rated at
75 efm free air at a discharge pressure of 125 psig. The compressor
can be operated at a discharge presdsure of 200 psig. This inerease
in discharge pressure decreasés the flow rate to 65 efm free air,

' Sinee the compressor will be discharging into a line, the minimum

discharge pressure to have flew at the endvof the line is the pressure
necessary to overcome frietion in the line, This value of discharge
pressure was chosen to be 20 psig. This sets the maximup and minimum

discharge pressures and flow rates. (See Fig. 2).

Pressure 200 peig 20 psig

Flow Rate 65 efnm et 87 efm

If the maximum discharge pressure of the compressor is 200 psig, this
dictates the maximum pressure of the water which must be 200 psig;

This sets the maximum temperature of the water as the saturation tem-
perature at 200 psig., This value is 381°F. The temperature of the air

as it reaches the loop will be approximately ambient temperature,

10
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psig,

The maximum flow of water is 4.55 gpm against a head of 360



CHAPTER V
DESCRIPTION OF SINGLE-COMPONENT LOOP

The single-component loop is shown schematically in Fig, 3.

The test facility consists of a closed loop which @irculates dige=
tilled water, The test section is heated electrically and the water
absorbs ﬁhe heat generated, The pressure is maintained by throt-
tling the flow at the discharge end of the loop, The flow of the
water through the components of the loop will be discussed as the
water makes a eycle through the loop.

The water flows from the bottom of the supply tank, point A,
to the circulating pump. This pump, point B» is a screw type (MOYNO)
pump, It provides a continucus pushing action in one directien with-
. out pulsation. It incorporates a high head which is not dependent
upon speed. It is rated as followss 0.26 gpm per 100 rpm of pump
against a discharge pressure of 360 psig, The water is forced inte
' the parallel orifice assemblies, point C, which have valves so tha%
the flow may be directed through either of the two orifices,

The orifice pressure taps are connected to the differential
pressure transmitter and to the U-tube mancmeter which is in parallel
with,the transmitter. The menometer was chosen for flow measurement
because of its accuracy, A 3 to 15 peig air signal from the transe

mitter, together with the 3 to 15 psig control point air pressure,
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was balanced by the flow controller which sent a O to 15 psig signal
to the air-actuated throttle valve, point D,

After the flow is throttled it is allowed to enter a 60 kw, 220
volt single phase Calrod immersion preheater, point E., The preheater
is controlled by a powerstat, The powerstat is divided into two 30
kw units, One unit has a variable output. This unit can be varied
from 0 to 30 kw in six 5 kw steps, by separate switches. The second
unit cannot be varied and has an output of 30 kw., This design giveé
control over the entire 60 kw range, Either 30 kw unit may be turned
off without affecting the system.

The heated water enters the test section through a pair of Teflon-
insulated flanges, point F, The temperature and pressure are measured
at the entrance to the test section. The temperature is measured with a
thermocouple and the pressure with either a Bourdon=tube gage or a
manometer.,

The test section (points F to G) consists of a round, type 304
stainless steel tube, 0,4628 inch inside diameter, with wall thickness
0,02 inch, and 7 feet long., Thin wall tubing was used for two reasons,
The first reason is that the thin wall tubing has a small temperature
drop through the wali; the second is that its electrical resistivity
changes very slightly with temperaturs,

Electric power is put into the test section through copper lugs
silver-soldered to the surface. Single phase, alternating current
will be brﬁught to the test section through three 20 kw welding trans-
formers @6nnected in parallel, The power cutput may be changed in a

stepless menner by using a rotary voltage inducticn regulator on each
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transformer, which is synchronized by means of a chain drive, and
controlled by an electric motor; thus the transformers share the
load equally at the various settings.

Pressure taps are placed along the length of the test section.
They are attached by silver solder. The pressure taps give instan-
taneous readings of statie pressure along the loop.

The temperature at the exit to the test section is measured by
use of g thermocoupie placed in the line, point G. ‘The thermocouple
is placed so that it measures temperature of water as it leaves the
test section flange.

Visual observation of flow patterns is made possible by the sight
glass, point H, It consists of a glass tube with the same inside diam-
eter as the test section. The ebservation tube length is approximately
4 inches, {(See Figure 4),

The exhaust header is made up of a 43" stainless steel pipe and
a 3" stainless steel pipe separated by twe 2-dnch gate walves, a l-
inch globe valve, and a 3/4-inch needle valve, point I, The valves
are used to build up pressure to the desired amount. The gate valves
are for large adjustments, and the glebe and needle valves are for
small adjustments on pressure,

After being throttled in the exhaust header, the steam enters a
- water cooled heat exechanger, point J., The steam is condensed to satu-
rated watér, |

Upon leaving the condenser the condensate enters the hold up tank,
point X, Additional cooling is attained in the hold up tank, if de-

sired. The condensate is removed from the hold up tank by the condensate
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pump, point L. The condensate pump Operates‘intermitténtly, conl=
trolled by a float in the supply tank. The condensate pump returns

<

the water to the supply tank.,

Since all the piping, valveé, and\;omponents of the loop are
not stainless steel a small ion exchanger is‘provided, point M, It
takes a portion of the wéter from the supply tank, cools it in a
heat exehanger to 100©F, boint N, Then the ion-exchanger pump,
point O, forces the water through the vérti@al ion exchanger and back
to the supply tank.

 The cycle described is carried out continuously while the loop
is in dberafiono

With the data available, the pressﬁre drop and heat transfer

characteristics for forced convection, local boiling, and net boil-

ing can be investigated for a single component,



CHAPTER VI
DESIGN

The design of equipment o introduce two-component flow sepa-
rates into two parts. The first part is the design of the squip-
ment necessary to introduce air into the loop, while the second part
deals with the extraction of air from the loop.

I, Introduction of Air

The system which introduces air into the loop is composed of a
compressor, flow measurement apparatus, oil-=water separator, air
purifier, air filter, temperature and pressure measurement apparatus,
mixing tee, and sight glass assembly. Bach of these components will
be discussed in the order in which they are used.,

A. Compresser

%he compressor, discussed previously, is a two-stage, positive-
displagement compregsor with intercooler, The compressor was manu-
factured by the Pennsylvania Pump and Compressor Company. The com=

pressor ratings are as followss (See Fig, 1),

m.’}d—m Ro Po Mo 400
Working Pressure 125 psig
Flow Rate at Working Pressure 75 efm free air

Compressor Driven by 25 hp Electric Motor,

It is estimated that the compressor can furnish a discharge pressure

of 200 psig. This higher discharge pressure will reduce the fiow to

19
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67 ofm of free air, The design was therefore made on the basis of
200 psig and 67 cfm of free air,

B, Oil-water Separator, Surge Tanks, and Piping

An oil-water separator is installed on the entrance to the surge
tanks. It serves to trap out some of the oil and water vapor in the
air,

The surge tanks consist of two eylindrical steel tanks 2 feet
in diameter by 5 feet high. The tanks smooth out the surges set up
by the compressor. The air is cooled in the tanks by conveection to
atmosphere, and some of the water vapor will condense out,

The air is carried by a 2=inch standard weight pipe to the test
area, The pressure drop through piping was considered negligible,
After the air purifier the pipe size is reduced to 1 inch, (See Fig.5 Yo

C. Air Purifier

The: air purifier is composed of a e¢ylindrical stesel tank with a
2-inch pipe mounted in the center., (See Fig, #). The annular space be-
tween the tank and stand pipe is filled with cotton batting, The
cotton batting serves to collect the oll carried in suspension in the
air. The flow of air is into the bottom and through the stand pipe.
The air leaves out of the bottom, after flowing through the batting.

D, Air Filter

The air filter consists of a reinferced, 200-mesh (74 misron),
Monel wire screen, Scale deposits and particles of cotton batting
carried in suspension by the air will be trapped in the filter,

The specifications on the filter are as followss
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Manufactured by C, A. Norgren Company
3400 South Elati St.
Englewood, Colorade

Model Number 560
Temperature Range 40 to 300°F
Maximum Air Pressure 250 psig
Pipe Connection Size 1 inch

E. Air Pressure Regulator

A spring tension, diaphragm operated needle valve was selected
as the air pressure regulator or throttle valve. The valve has a
Bourdon=tube pressure gage mounted on the valve'body@ The pressure

gage will give throttled pressure. The specifications are as followss

Manufactured by €. A, Norgren Company
Same address as above

Model Number - ' v QAXBwGG ”

Temperature Range 40 to 200°F

Mexinum' Air Pressure - 250 peig
Primary Air Pressure Range =w=ex== 20 to 200 psig
Secondary Air Pressure Range === 20 to 200 psig
Pipe Connection Size = 1 4inch

F, Air Temperature

LiquidfigmglassJthefm@metera are used to measure temperature of
the air. The tﬁarmometers are immersed in a well inserted in the line.
The thermometer well consists of a standard pipe tee with a thermo-
meter well inserted in one end. (Ses Fig, %), The thermometer well
shall be filled with oil (S.A.E., 20). The range of thermometers is
0 to 100°F with 1°F increments, - The temperature 18 measured in two
places, after the throttle valve, and before the mixing tee. (See
Fig. 5),

G, Pressure Measurement

Pressure is measured with Bourdon-tube gages or mercury manometersg,
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The pressure taps are comnected to a valve which selects the'gage
or manometer, . The pressure taps are fabricated directly to the line,
so static preséuré will be recorded, The gages have a range of 0 to
300 psig with 5 psig increments, The pressure is measured in two
places, after each of the thermometer wells., (See Fig,.5 ),

H, Air Flow Measurement

Air flow measurement is accomplished by the use of three rota-
meters in parallel, Three rotameters are used in order fo inerease
the accuracy of flow measurement., The maximum flow to be measured
is 87 cfm of free air at 20 psig and 70°F, At the location of the
rotameters the pressure will be 20 psig and 60 to 80°F., At these
conditions the volume of air will decrease to 56.5 ¢fm., The specifi-
cations for the rotameters are as followss

Manufactured by - Fisher and Porter Co,
Hatboro, Permsylvania

" Tube Size Flow Measurement (cfm free alr) Pipe Size
5 8,50 3/4 inches
6 24,00 1 »
7 33,00 %o
Length of Tube 250 millimeters
Type of Float Free Stainless Stesl

(See Fig.. 5 for Piping Details)

I, Mixing Tee

The mixing tee's purpose is to mix the air and water, The design
is strictly empirical. The mixing tee consists of two concentrie pipes.
The smaller pipe, which carries the water ana is 3/4 inches in diameter,
is welded to the mixing header., The mixing header i1s 3 dinches in diameter,

The larger pipe, which carries the air is welded inside the mixing header
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and extends to within 1 inch of the end of the header., The air enters
in a 1 inch line. The two fluids leave the mixing header in a 4 inch
line welded to the header, The piping is standard weight stainless
steel pipe. (See Fig. 7

J. Sight Glass

The sight glass gives a visual obsgervation of flow pattefns be=
fore the mixture reaches the loop. ©Since the correlations presented
to date have been dependent upon the flow pattern oceurring, this
component is necessary. The sight glass is constructed exactly like
the one on the existing loop. The length of the observation is approx-

imately 4 inches., ({See Fig. 4).

1T, Extraction of Air

Extraction of air from the loop is necessary because of the detri-
mental effects caused by it., OSome of these effects might include air
lock of condenser, air block of pumps, and inefficient operation of
ion<=heat exchanger. The only piece of eguipment needed is a heat ex-
changer and bleed-off wvalve,

A, Heat Exchanger

As the twoecomponent flow leaves the exhaust header some of the
water‘will flash into steam. Therefore, the flow will now contain
saturated water, wet steam, and air. Since the water is ailr-saturated,
it will not accept any more air. Thus, as the mixture flows through
the existing heat exchanger the wet steam will be condensed into satu-
rated water, Then the air will be left free, The heat exchanger will
be tapped by a bleed-off valve and thus the air can be extracted from

the loop., It is possible to lose some of the wet steam but this less
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can be considered negligible, The specifications on the existing
heat exchanger are as followss

Manufaetured by American Standard Corp,
Ross Heat Exchanger Division

Mixture Properties

Pressure 0 psig
. Temperature inlet 212°F
Temperature outlet cemceomooemn 212°F

Coolant Properties

Water Pressure 40 psig
Water Temperature Inlet —we<seoe §0°F
Water Temperature Qutlet e 105°F

B, Bleed=0ff Valwve

The bleed-off valve is a l-inch float type automatie air valve,
mounted on the top of the condenser, The bleed-off valve will pass
alr, closes tight against steam and water, The specifications on the

bleed=off valve are as followss

Manufactured by ' MeAlear Company

Model number 15 ' ‘

Size e : ~ 1 inch . .
Materiel Stainless Steel or Brass
Moximam Pressurs - 15 psig - ‘ 8

Meximum Temperature mewrwcees 300°F



CHAPTER VII
TEST PROCEDURE

I, Operation of Loop

A, Safety Features

The air-water heat transfer loop has several safety features
which should be discussed before any“éperating instructions ars given,
 These safety devices are required because of the danger of supplying
. conditions'of temperature, pressure, and power fo the system that it
may not be capable of handling,

The air system has a safety valve located on the surge tanks to
ﬁrevent Yover-pressure” of components of the gystem,

The water system pump must bé in operation and developing at
least 20 psig before power mey be applied to the preheater or test
section., The maximum steam pressure switch, whiéh autonmatically shuts
off the preheater and test section power, prevents “over-pressure", A
master switch which shuts off all power is provided,

B, Preliminary Cheek List

1, Qlean and drain air separator

2o ﬁrain surge tanks

3. Check air purifier and replace cotton batting if dirty
4, €lean air filter btulb

5, Fill thermometer wells with oil (S.A.E. 20)

28



1o,
11,
12,
13.
14,

22,

29

Insert thermometers in wells

Close air throttle valve

Start cooling water te intercocler of compresser
Start compresser

Check water supply in the holdup tank and supply ‘tank
Check which erifice wvalve is open

Check which rotameter valves are open

Fill ice junetion with erushed ice

Turn on auxiliary air supply to water flow contrel
throttle valve

Open all throttle wvalves at the discharge end of the loop
Open water contrel throttle valve for maximum flow

Shut off all water pressure gages except those over 400 psig
Close all valves on manometers except by-pass lines

Turn on goelant water for condenser

Slightly open air bleesd-off valve on eondenser

Move preheater contreol te minimum positicn

Open ion heat exchanger coclant wvalves,

N+

Operation Check List

1.
20

3.
4.

5o

Be

Turn all power switches to on position

Move transformer éettings't@ minfimum position
Start ion exchange

Start elrculating pump

Adjust ion coclant water so water in ien exchanger is
less than 100°F

Mlow flow to eirculate



10,
1I.
12,

13
14,
15.
16,
17.
18,

19,

II, Data To

30

ﬁontfol pressure to desired value

Bleed off air from loop and manometers

Open air throttle valve

Turn on preheater (if necessary)

Put power to the test section

Cocl discharge water in the holdup tank to correspond
with conditions desired but keep below 180 F

Readjust water temperature out of ion exchange cocler
Set flow through orifice

Contrel inlet temperature to test section

Let loop settle out to equilibrium

Adjust inlet temperature and eontrol discharge temperature
Check air bleed-off valve (open more if necessary)
Settle conditions and make adjustments with flow rates
of air, water, and power
Be Taken

The following data is to be recerded when eqnilibriuﬁ conditions

have been reascheds

Lo
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Date

Run number

Dry-bulb ambient temperature
Wet=bulb ambient temperature
Anbient pressure

flow pattern inlet

Fleow pattern outlet

Power to the test section
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lo.
11,
12,
13,
14,
15,
16,
17,
18,
19.

3l

Current and Voltage to test section

Voltage drops along the test section

Air flow - (Rotameter)

Water fiow — (Manemeter)

Surface temperature versus length of test section
Statiec pressure at position number seven
Insulation temperatures

Rotameters — inlet and exit temperatures

Orifice = inlet and exit temperatires

Pressure drop at ten positions on test section

Orifice dimensions

With the above information, celculations can be made to deter-

mine two-component heat transfer coefficients for forced convestion,

local boiling, and net boiling. An outline of the calculations

necessary is presented in the appendix,



CHAPTER VIII

CONCLUSIONS

There are several pleces of equipment in the design of the

gystem that might not funetion as expected. These are listed as

followss

3.

4o

5.

The compressor may not be capable of supplying enough
alr to produce the designh pressure,

The air purifier, packed with cotten batting, may not
efficiently separste the oil from the air,

The mixing tee may not give sufficient turbulence to
insure proper mixing,

The air bleed-off valve may not exhaust enough air

from the condenser in order to insure proper operatibn '
of the condenser,

There may be surges set up in the line by the compressor.,
There is a possibility that water m;y'calie@t in the

upper section of the sxhaust header, If this ocecurs the

hesder,

These factors, which can affect the operation of the system,

should be checked before any data is taken., Any part of the design

may be changed without affecting the system, so long as an equivalent

part to accomplish the same object is inserted in its place,
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APPENDIX A
CALCULATIONS

An outline is presented of the caleulations to be performed
in order to determine heat transfer coefficients at any cross—sec=
tion for forced convection, local boiling, and twe=phase flow, The
alr-water mixture is flowing in a horizontal test section.

The following assumptions were made in this analysise

1. Steady state

2. The bulk temperatures are considered to be thoroughly
mixed fluid temperatures at a cross—section

3, Unity power facter

I. A curve of the variation of resistance with temperature should
be plotted for the material of the test section (304 Stainless
Steel), (See Fig. 8), |

II, YA curve cof temperature variation with length cof the test see-

tion should be plotted, (See Figures 9, 10, and 11)

III, From these curves the resistance of the test section at any

gross=section may be determined,

IV, Since the current flow is constant through all cross-sections,

the power dissipated at any cross-section may be caleculated,
P = I% By

V. The power dissipated should be converted inte BTU/HR,
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VI. The heat flux (q“) can be caleulated at any crosg-—-segtion
by dividing the heat flow by the cross—sectional area of the

test seeticn,

VII, The inside surface temperature can be determined froms (i1)

Tg =2 Tg = Mey; 37? -~ MOxS

MP(3 Ao 44 “%Qf@T@ A8 £  MAxS
61 # @2"1‘«,)5 L # Ty )3 WAL 4 8T ) £ o gT)
where B2

5 ZIRRY
E e« woltage drop

r, =cutside radius of test section (@ 2514 ;n@hes)

J = conversicn constant

K = thermal conductivity at a point

R% = resistivity at a point

LX = tube wall wndcknsss .

o 2 = temperature coefficlent of electrical resistivity
432 = temperature coefficient of thermsl @@Hd@@kiVlﬁy
T,“ = outside surface temperaturs

~TS = inside surface temperature

These conclants used in the sguation are availatle in handbooks.
VIII. Determine from plot of bulk temperature versus length what
the bulk temperature is at %he-Sp@@ﬁfied erose~section,

IX, Determine from Newton's Law of Goolgng %he heat transfer @om‘
efficient at the cross ssction,

% g,
8y ;e
* A, AT

© e
<hs

The heat transfer coefficients can be: d@termlneu at all erosg-=
sections of the test secti@n and a plot @f‘heat transfer coefficient
versus length may be plot%@dw This curve may be {vbegrated to give

an average heat transfer coefficient,



APPENDIX B
ANALYSIS OF RESULTS

This analysis is presented to discuss some of the calculations
stated in Appendix A, and to show the analysis necessary to deter-
mine the types of heat transfer. The three types of heat transfer are
forced convection, local boiling, and net beiling.

The variation of resistance with temperature as shown on the
graph in Fig. 8 was assumed linear. This is not absolutely trueg
however the error is very slight. The maximum difference in tempers=
ature between inlet and outlet positions on the test section is con-
sidered to’ be approximately 100° F, Thie difference in temperature
will only produce a slight difference in the electrical resistivity
throughout the test section. Therefore, the heat flux will be ap-
proﬁimately‘unifﬁrm over the test section. The assumption of uniform
heat filux was not made so that this fact eould be recognized,

A graph of average heat transfer”éoeffi@ient versus air flow
rate can be mede in order to observe the variation in heat transf@r
coefficient due to the inerease in air flow rate,

A pl@ﬁﬁdetemperature versus length, Figures 9, 10, énd 11,
show the variation of temperature of outside surface, inside sur-
fa@g, and water bulk temperatures, From these graphs it is possible

to note thé types of heat transfer taking place in the test section.



In Eigo 9, all tﬁe temperatures ére linear functions of length
of the test section., This indicates that the heat transfer taking
place is forced convection. |

In Fig, 10, only the water bulk temperature is é linear function
of length of the test section, The surface temperatures increase to
the approximate point of local boiling; then these temperatures level
off in a horizontal line., Since the water bulk temperature at out-
let does not reach the saturation temperature at the outlet pressdré
of the test section, the type of heat transfer is local boiling;

In Fig, 11, none of the tewperatures are linear functioné of
length of test section., If the water bulk temperature at any poeint
in the test section is greater than the saturation tem?erature at
that point, steam will be formed. The formation of steam will ine
crease as the flow progresses through the test section because the
pressure will decrease., This type of heat transfer is called net

boiling,
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APPENDIX €
ERRORS AND ACCURACY

The errors involved in the determination of the heat tramsfer
eoefficient are discussed. These errors will be discussed in rela-
tion to the eguation of the heat trangfer coefficient. ‘The equation
isg

h NIl i b i M A
| =

he Ty

The heat flow (q0) can be measured very accurately, because it
is measured directly, as power dissipated to the loop, The heat
loss through the insulation can be determined by the temperatures of
the insuwlation., This caleulation points up any loss of heat that
might affect the results of the test,

The factor A Te ' is the primary source of errar. The memg-
urement of the fluid bulk temperature is extremely difficult, This
is true because there is not a wuniform temperature distribution
throughout ‘the fluid., The avergge temperature of the fluid cen be
measured within fﬂ 1° F,

The inside diameter of the test seéﬁimn is determined by actual
measurement and is subject only to errors in the micromeferso

The estimate of overall accuracy of measurement of heat transfer

coefficient is postulated to be withir # 104 of the actual wvalue,
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