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NACA RM No. E61L0O2a e

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Air Materiel Command, Army Air'Forces
SIMULATED ALTITUDE INVESTIGATION OF STEWART-WARNER
MODEL 906-B COMBUSTION HEATER

By Frederick R. Bbersbach and Adolph J. Cervenke

SUMMARY A Gl

An investigation has been conducted to determine thermal and
pressure -drop performence and the operational characteristics of a
Stewart-Warner model 906-B combustion heater, The performance tegts
covered a range of ventilating-air flows from 500 to 3185 pounds per
hour, combustion-air pressure drops from § to 35 inches of water,
and pressure altitudes from sea level to 41,000 feet. The operational
characterigtics invesiigated were the combustvon-aLr flows for sus-
tained combustion and for consistent ignition covering fuel-air ratlos
ranging from 0,033 to 0.10 and pressure altitudes from sea level to
45,000 feet.

Rated heat output of 50,000 Btu per hovr was obtained at pressure
altitudes up to 27,000 feet for ventilating-air flows greater than
800 pounds per hour; rated output was not obtained at ventilating-air
flow below 800 pounds per hour at any altltude.

The maximum heater efficiency was found to be 60.7 percent at a
fuel-air ratio of 0.050, a sea-level pressure altitude, a ventilating-
air temperature of 0° F, combustion~air temperature of 14° F, a
ventilating-air flow of 690 pounds per hour, and a combustion-air flow
of 72.7 pounds per hour.

The winimum combustion-air flow for sustained combustion at a
pressure altitude of 25,000 feet was about 3 pounds per hour for fuel-
air ratios between O 037 and 0,099 and at a pressure altitude of
45,000 feet increased to 18 pounds per hour at a fuel-alr ratio of
0. 099 and 55 pounds per hour at g fuel-air ratio of 0.038, Combustion
could be sustained at combustion-air flowg above values of practical
interest., The wmaximum flow was limited, however, by excessively high
exhaust-gas temperature or high pressure drop.
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Both maximum and minimum combustion-air flows for consistent
ignition decrease with increasing pressure altitude and the two curves
intersect at a pressure altitude of approximately 25,000 feet and a
combustion-air flow of approximately 28 pounds per hour.

INTRODUCTION

As a part of the general program requested by the Air Materiel
Command, Army Air Forces, to determine the performance and operational
characteristics of ailrcraft combustion heaters, an investigation of a
Stewart -Warner model 906-B combustion heater rated at 50,000 Btu per
hour was -conducted at the NACA Cleveland laboratory. The character-
istics investigated were: thermal and pressure-drop performance at
pressure altitudes from sea level to 41,000 feet; fuel-air ratio for
begt heater efficiency; minimum and maximum combustion~air flow for
sustained combustion over a range of fuel=-air ratios from 0.033 to 0.10
and pressure altitudes from ssa level to 45,000 feet; and minimum and
maximum combustion-air flow for consistent ignition at fuel-air ratios
from 0,033 to 0.10 and pressure altitudes from sea level to 30,000 feet.

APPARATUS

The Stewart-Warner model 906-B combustion heater, the operation,
and the test equipment are described in the following paragraphs:

Heater operation and altitude chamber., - A diagram of the Stewart-
Werner model 906-B combustion heater, which is rated by the manufacturer
‘at 50,000 Btu per hour at a combustion-air flow of 90 pounds per hour
and a fuel pressure drop across solenoid valves and nozzles of 15 pounds
per square inch, is presented in figure 1. The heater consists of a
gasoline burner and a spirally arranged cross-flow plate-type heat
exchanger. Combustion air enters the burner tangentially and mixes
with fuel as it passes through the mixing cone, Fuel is injected into
the burner through a spray nozzle and is ignited by means of a glow
coil. At this point combustion takes place and the exhaust gases
spiral through the heat exchanger and are exhausted normal to the longi-
tudinal heater axis. The ventilating air flows parallel to the longi-
tudinal heater axis, The burner and the heat exchanger ars contained

in a cylindrical jacket 7 inches in diameter and 17% inches long. Auto-

- wmatic controls for the heater are mounted on the heater Jjacket and
include a combustion-air regulator (consisting of a bellows-operated
butterfly valve, which maintains a constant flow of combustion alr
regardless of variations in the differences in pressure between the
inlet and exhaust), and two fuel valves in series, ZEach fuel valve is
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operated by a solenold; one is used as a shut-off valve and the
other is used to restrict the fuel flow to approximately 60 percent
of the rated flow when low heater output is desired,

The setup used is shown schematically in figure 2, The heater
wag enclosed in a cylindrical altitude chamber 4 feet long and

2% feet in diameter in order to minimize heater leskage and all
apparent leaks in the heater case were sealed.

Air supply and control. - Ventilating air, combustion air, and
altitude-~-chamber cooling air were supplied by the refrigerated-air
gystem of the laboratory and after passing through the setup were
discharged into the altitude exhaust system.

Vehtilating air was supplied and exhausted through 7-inch steel
ducts with a suitable transition frem an 8-inch supply duct, Com-
bustion air was supplied through a 2-inch steel duct and the products

of ‘combustion were exhausted through a‘Z%—inoh stainless-steel duct.

The altitude-chamber cooling air was supplled and exhausted through
2-inch ducts, which were insulated with Z inches of hair felt. The
ventilating-air-exit and combustion-air-exhaust ducts were insulated

with 1/2 inch of asbestos and 2 inches of hair felt, and l% inches of
asbestos, respectively.

The pressure of the ventilating air and combustion air, the flow
of the ventilating air, cowmbustion air, and altitude-chamber cooling
air, and the combustion-alr pressure drop were controlled by valves
upstream and downstream of the altitude chamber. The ventilating-air
and combustion~alr flows were measured with thin-plate orifices
insgtalled in accordance with A.S.M.E. specifications. The temperature
of the refrigerated-air supply was controlled by electrical preheaters,

Fuel supply. - The fuel used was AN-F-28, Amendment-2; the flow
was measured with a rotameter and was controlled by means of a needle
valve, The fuel was ccoled by passing it through a coil of 1/4-inch
copper tubing located in the altitude-chamber cooling-air duct. Fuel
pressure was obtained by pressurizing the fuel tank with nitrogen.
Fuel temperatures were measured with single thermocouples both before
and after the solenoid valves.

Power supply to the glow coill was varied with a slide-~wire rheo-
gtat and measured with an ammeter and a voltmeter.

The air and exhaust-gas temperatures were measured by thermo-
couples located at staticns upstream and downstream of the heater in
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the ventilating-air and combustion-air ducts, as shown in figure 2.
In the ventilating-air duct at the upstream station the installation
congisted of a rake of three thermocouples and at the downstream sta-
tion the installation consisted of two rakes of five thermocouples
each. Cowbustion-alr inlet and outlet (exhaust) temperatures were
obtained with & single thermocouple at stations 1,.2, and 3 of fig-
ure L. The thermocouples were unshielded iron constantan with the
exception of the exhaust thermocouple, which was shielded chromel
alumel. All thermocouples were connected individually through a
selector switch to a self-balancing direct-reading potenticmeter, The
average reading for each rake was obtained by computation., A set of
baffles was installed between the heater and the ventilating-air-
outlet thermccouples to enable obtainment of g better value of the
average outlet temperature.

The static pressure of the ventilating air upstream and downstream
of the heater and of the combustion air upstream (station 1, fig. 1)
and downstream (station 2) of the combustion-air regulator was obtained
from piezometer rings of four taps each. The taps for each piczometer
ring were circumferentially spaced 90°. The static pressure of the
exhaust gases downsbream of the heater (station 3) was obtained with a
single pressure tap. The fuel pressure drop across solonoid valves
and nozzles was measured as a differential pressure between a point
directly upstream of the sclenoid valves end a point in the combustion-
alr duct near the nozzle outlet.

PROCEDURE

Three groups of runs were conducted Tor rangss of altitude and fusle
alir ratio to determine:

(a) Performance of the heater

(b) Minimum and maximvm combustion-air flows Ffor sustainced com-
bustion

(¢) Minimum and maximum combustion-air flows for consistent
ignition

Throughout the rvns combustion- and ventilating-alr temperaturcs
were held as closcly as possgible to values requosted by the Air Materiel
Commend. Although the ventilating-alr tempsratures wore held near the
desgired values, it was impossible to control combustion-alr temperatures
accurately because of high relative heat gains and losses from the
combustion-air ducts.
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Performance Characteristics

The thermal and pressure-drop performance of the heater with
controls was determined for pressure altitudes ranging from sea level
to 41,000 feet. Ventilating-air flow was varied from 500 to
3185 pounds per hour and combusticn-air pressure drop was varied
from 5 to 35 inches of water. With controls removed, the fuel-air
ratio for hest heater efficiency and the thermal and pressure-drop
performance at sea-level pressure altitude with this fuel-air ratio
was determined.

The thermal and pressure-drop performance of the heater with
automatic controls installed was obtained for a range of pressure
altitudes with the ventilating-inlet-air temperature meintained at
approximately 59° F and the combustion-alr tempersture at approxi-
mately 75° F. At each altitude the ventilating-air flow and the
combustion~air pressure drop were varied to simulate the operating
conditions affecting the heater when installed in en alrplane in
flight. These nominal conditions are as follows:

Pressurs | Ventilating- i Combustion-air
altitude air flow pressure drop
(£t) (1v/hr) 5Crogs regula-
tor and heater
(in. water)
Sea level 300 5
700 5
1100 15
1800 25
3185 35
11,000 500 5
700 5
1100 15
1800 25
2800 35
27,000 500 5
1100 13
1600 25
41,000 700 5
| 1100 15

These runs were made with the restricting fuel solenoid open and
‘cloged and with the fuel-feed pressure 15 pounds ver sguare inch above
combustion-air static pressure.
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After completion of these runs, the combustion-air regulator and
the restricting solenoid valve in the fuel-supply duct were removed
for the remainder of the program. The fuel-air ratio for best hwater
efficiency was determined at nominal operating conditions: sea-levol
pressure altitude; ventilating-air temperature, approximately 0° F;
combustion-air temperature, approximately 12° F; and ventilating- and
combustion-air flowsg of 690 and 72.7 pounds per hour, respectively.
Thermal and pressure-drop performance of the heater were obtained wit
the fusl-alr ratio for best heater efficiency and at the oombustlon-
and ventilating-sir conditions previously given with the exception of
the ventilating-air flow, which was V&rlbd from about 500 to 1500 pounds
per hour in gix steps.

The isothermal ventilating-air pressure drop was cobvained alb sea-
level’ inlet pressure and at a temperature of approximately O° F for
flows ranging from 500 to 1500 pounds ver hour,

Combustion-Air Flow Limitsg for Sustaincd Combustion

Minimum combustion-air flows for sustained combustion were deter-
mined for pressure altitudes ranging from sea level to 45,000 fest
for fuel-air ratios of 0.10, 0.066, 0.05, 0.04, and O. OSo. The
ventilating-air flow was kept constant at approzimately 1100 pounds
per hour and the ventilating-sir btemperaturc was kept consbant at
apprOXLmaLely -659 ®, Combustion-air tomperatures varied from 2° to
-48 F and fusl temperature varied from 140 to -258° T,

The procedure followed for sach set of conditions consisted in
initially operating the heater at a normwal flow and subsequently
reducing combustion-air and fuel flows (maintaining a constant fusl-
air ratio) until the temperature of the heator cxhaust indicated thatb
combustion had ceased. A value of combustion-air flow slightly higher
than the point at which combustion ceased was considered the minimunp
flow limit., The heater was then reignited, the comwbustion-alr and
fuel flows were set at this slightly higher value, and complete per-
formance data for these conditions were recorded.

The originally plamncd procedure for determining tie muximum flows
for sustained cowbustion was similar to that outlined in the preceding
paragraph ¢xcept that.the combustion-air flow was to be increassd to a
value where burning ceased., The actual program was curtailed, however,
in view of the rcsults, which arc described later.
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Combugtion-Air Flow Limits for Consistent Ignition

Runs to determine the combustion-air-flow limits for consistent
ignition were made for a range of pressure altitudes up to 30,000 feet
and for fuel-air ratios ranging from 0,10 to 0.033. Ventileting-air
flow was held at 1100 pounds per hour and temperature at approxi-
mately -65° F. The combustion-alr-inlet temperatures ranged from
-71% to -29° ¥, The fuel temperature varied from -70° to -28° F,

The voltage across the ignitor was kept at 28.5 volts.

In order to determine a combustion-air-flow limit for consistent
ignition, the heater was operated normally to burn up fuel from the
previous run, the fuel flow was set by the needle valve at the required
fuel-air ratio, and then the fuel was shut off by the solenoid valve.
The combustion-air flow was then set at a particular test value and
the ignitor and fuel simultaneously turned on for at least 1 minute. v
If ignition occurred, as indicated by a progressive rise in the exhaust
temperature, the fuel and ignitor were turned off and the accumulated
fuel in the heater allowed to burn out. After all the fuel had been
burned and the hester-sxhaust temperature had dropped to below 0° F,
a second attempt at lgnition was wade., After the third attempt the
combustion-air low was changed. In the event that ignition did not
occur in the initial attempt, the conditicns were so changed that
ignition would occur and allow the accumulated fuel to burn out. The
original conditions would then be reset and another start attempted.
Three attemnts were made even though ignition did nob cccur on the
first attempt.

After three successful atbempts at starting were made for each
fuel-air ratio at a constant rate of combustion-air flow, the pressure
altitude or the combustion-air flow wag changed and the runs repeated
until the minimum and maximum flows were obtained,

Farther runs were made to determine the effect on ignition of
energizing the ignitor before fuel was admitted to the heater. The
runs were made at a pressure altitude of 25,000 feet, combustion-ai
temperature of -65° F, combustion-air flow of 30 pounds per hour, and
fuel-air ratios of 0,10 and 0.066. The procedure followed was similar
to the other igniticn runs with the exception that the ignitor was
energized about 30 geconds before the fusl solenoid was opened. This
period was the time required for the current input to the ignitor to
reach a minimum, which indicated that the ignitor coil had reached its
equilibrium temperature,

The heater output wag calculated frow the temperature increase
and weight flow of the ventilating air and a specific-heat value of
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0.24 Biu ver pound per °F. The heater efficiency was calculated by
dividing the heater output by the heat content of the fuel. A lower
heating value of 18,300 Btu per pound and a higher heating value of
20,000 Btu per pound were used when the exhaust-gas temperature was
more or less than 212° F, respectively.

RESULTS AND DISCUSSION
Performance Characterigstics

The important data indicating the altitude~-performance character-
igtice of the combustion heater are given in table I and in figures 3
to 5.

Heater with subtomatic controls. ~ The heater performance for
unrestricted and restricted fuel fiow and for combustion-air and
ventilating-air presgurec altitudes of sea level and 10,000 feet is
shown in figure 3. The heat output is plotted against ventilating-
air flow; the corresponding values of the combustion air-pressure drop
(across regulator and heater), which was set prior to the run, and the
resulting combugtion-air flow are included., The heat output increases
with increasing ventilating-air or fuel flow. As the pressure drop
acrosg the combustion chamber and regulator is increased from 5 to
15 inches of water, the combustion-air flow showe a general but erratic
increase; however, for pressure drops from 15 to 35 inches of wabter,
the regulator holds a nearly constant flow. These erratic trends may
be due to friction in the moving narts of the regulator. Static-
pressure drop of the combustion air through the regulator and combus-
tion chamber as given in both figure 3 and table I is uncorrected for
difference in cross-gectional area of flow section. A rated heat out-
put of 50,000 Btu per hour wag obtained at pressure albitude up to
27,000 feet for ventilating-air flows greater than 800 pounds per hour;
rated output was not obtained at ventilating-air flows below 800 pounds
per hour at any altitude (table I).

The effect of pressurs altitude én the heater performance is shown
in figure 4 for ventilating-alr flows of 500 and 1100 pounds per hour
and for combustion-air pressure drops of 5.0 and 15.0 inches of water.
The rate of heat output is practically unaffected by pressure altitude
for constant ventilating-air and fuel Tlows. Combuction-air pressure
drop through the combustion chamber increases and combustion-air flow
and exhaust temperature decrease with increasing pressure altitude.

The pressure drop of the ventilating air obtained during the per-
formance and additional isothermal runs is shown in figure 5. Data for
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igothermal pressure drop are included in table ITI. The values of
presgure drop O4AP have been corrected to standard sea-level-
altitude density and are plotted against the ventilating-air {low
for various values of outlet-to-inlet density ratio 0 /03.

Heater with automatic controls removed. - The effect of fuel-
air ratio on heat output, heater efficiency, and ventllating- and
combustion-air pressure drop with controls removed is given in
figure 6 and table II. A maximum heater efficiency of 60.7 percent
wag obtained at a fuel-air ratio of 0.05 for ventilating- and
combustion-air flows of 690 and 72.7 pounds per hour, respectively.
Ventilating~- and combustion-air pressure drop increase slightly
with increasing values of fuel-air ratio because of increasing
momentum pressure 4drop.

Heat output, heater efficiency, ventilating- and combustion-air
pressure drop at the fuel-air ratio for maximum efficiency (0.05)
over & range of ventilating-air flow is presented in figure 7 and in
table IT. The heat output as indicated by this figure is lower than
that obtained in normal operation becamnse of the smeller fuel -and
combustion-air flows used during the investigation (3.6 and 72,7 lb/hr,
respectively) than those at which the heater is rated (4,7 and
90 1b/hr, respectively).

Combustion-Air Flow Limits for Sustained Combustion

All the important datse cbtained in Investigating the combustion-
alr flow limits for sustained combustion at small and large combustion-
air flows are presented in tables III and IV, respectively.

For pressure altitudes of sea level and 10,000 feet, combustion
was sustained at combustion-air flows as low as 13 percent of the
manufacturer's rating of 30 pounds per hour. The minimum limits were
not determined because the apparatus did not permit accurate measure-
ment of the small flows at the existing air densities and modification
of the equipment was not warranted because the flows are much smaller
than values of practical interest, For pressure altitudes of about
20,000 feet, measurable flows were obtained at which combustion
ceagsed., The minimum flow for sustained combustion at a pressure alti-
tude of 25,000 feet was approximately 9 pounds per hour for fuel-air
ratios between 0.037 and 0.099; at a pressure altitude of 45,000 fest
the combustion-air flow limits for sustained oombustion varied con-
siderably with fuel~air ratio, At a fuel-air ratio of 0.10 the limit
was 18 pounds per hour and at a fuel-air ratio of 0,036 the limit
increased to 55 pounds per hour, At altitudes below 40,000 feet,
fuel-air ratio had little effect on the minimum limit.
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The range of combustion-air flows and pressure altitudes over
which the heater was opsrated in attempts to determine the maximwm
combugtion-air flow limits for sustained combustion is presented in
table IV. Combustion could be sustained at combustion-air flows above
values of practical interest., The determination of the maximum flow
for sustained cowbustion, however, was limited by other cperational
congiderations. At high fuel-air ratios combustion-air flow was so

imited by excessively high exhaust-gas temperatures that maximum
combustion-alr flows for sustained combustion could not be determined.
For example, at a fuel-air ratio of 0.064, a combustion-air flow of
177 pounds per hour (about twice rated flow) produced an exhaust-gas
temperature of about 1805° F. At lower values of fuel-azir ratio, the
determination of maximum combustlon-air flow was prohlbited by exces-
give pressure dvrop. For example, at a fuel-air ratio of 0,034 and a :
combustion-air flow of 388 pounds per hour (more than four times the
rated flow) the pressure drop was 138.7 inches of water, A maximum
sustained combustion limit wasg cbtained at a fusl-alr ratio of 0.026
and a combustion-air flow of 514 pounds per hour; the resulting vres-
sure drop wag 196 inches of water,

Combustion-Air Flow Limite for Consigtent Ignition

The combustion-alr flows for consistent ignition obtained at
various fuel-air ratios and pressure altitudes are presented in fig-
ure 8 and tabls V. At sea-level pressure altitude, the meximum
combugtion-air flow for consistent ignition was 280 pounds per hour
at a fusl-air ratio of 0,05, A minimum limit of 50 pounds per hour
was obtalned at a fuel-alr ratio of 0,10. Both maximum and minimum
combustion-air flows for consistent ignition decresased with increasing
pressure altitude, the maximum limit decreasing wore rapidly. The two
limit curves intersected at a pressure altitude of spproximately
25,000 feet and a combustion-alr flow of 28 pounds per hour.

The runs to detexrmine the effect on ignition of heating the
ignitor to its equilibrium temperature prior te the injection of
fuel into the combustion chamber indicated that there was no improve-
ment over the ignition time obbained with the standard ignition pro-
cedure at the same conditions,

SUMMARY OF RESULTS

The investigation conducted on the Stewart-Warner model S906-B
aircraft combustion heater gives the following results:
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1. A rated heat output of 50,000 Btu per hour was obltained at
pressure altitudes up to 27,000 feet for ventilating-air flows
greaver than 800 pounds per hour; rated output was not obtained
at ventilating-air flows below 800 pounds per hour at any altitude.

2. Maximum heater efficiency of 60.7 percent was obtained at
a fuel-air ratio of 0.050, sea-level pressure altitude, ventilating-
air temperature of 0° F, combustion-air temperature of 14° F,
ventilating-air flow of 620 pounds per hour, and combustion-air
Tlow of 72.7 pounds per hour.

3. The minimum rate of combustion-air flow for sustained com-
bustion at a pressure altitude of 25,000 feet was about 9 pounds
per hour for fuel-air ratios between C.037 and 0.099 and at a pres-
sure altitude of 45,000 feet increased to 18 pounds per hour at a
fuel-air retio of 0.10 and to 35 pounds per hour at a fuel-air ratio
of 0.036. Combustion could be sustained at combustion-air flow
rates above values of practical interest., The maximum flow was
limited, however, by excessively high exhaust-gas temperature or
high pressure drob.

4, Both maximum and minimum combustion-alir flows for conslstent
ignition decreased with increasing pressure altitude and became equal
at a pressure altitude of approximately 25,000 feet and a combustion-
alr flow of approximately 28 pounds per hour.
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HAT IOMAL ADYISORY
COMMITTEE FOR AERORAUTICS
TABLE I - HEATER PERFORMANCE WITH AUTOMATIC CONTHOLS INSTALLED
Ventilating air Combustion air
Nominal j{lInlet Flow Inlet jOutlet Tempera~ |Enthalpy {Pressyre |Total Pressure |Pressure
pressure jpressure|(1b/hr)|tempera- [tempera-|ture change drop static- |ldrop drop
altitudeflin. Hg ture ture rise (Btuﬁhp) (in, - pressure [throuvgh ithrough
{fe) abs, ) (°r) (oF) (or) water) [drop combus- |combus-
‘ (1n. tion-airjtion
water) |regu- chamber
lator (in.
{in, water;
waterj
Sea 29,27 500 Zg 400 341 41,100 1.6 5.2 2.2 3.0
level 29.23 b82 32u 294 48,300 2.7 E.o 2.0 3.0
N 1030 60 202 202 50,000 4,8 14.8 5.0 E.8
29,20 | 1800 8 18 12 Bl , 850 11.7 22.0 1.5 £.5
.40 | 3180 0 13 7 57:400 | 32.8 | 6.0 27.3 6.7
29,57 4as 59 310 251 29,350 1.2 4.9 2.1 2.8
28.97 710 Zs 280 222 38,000 2. 4.8 2.0 2.3
29.1C | 1050 0 192 1;2 36, 300 b6 15.0 9.1 5.9
29,20 | 1810 &9 151 2 10,000 11.0 92.7 20,0 £,7
29.20 | 3185 £0 116 56 42/800 | 32.2 | 3k.0 278 6.2
11,000 19.97 00 61 uoh 343 L1, 300 2.5 5.0 2.7 2.3
15.57 30 57 356 299 49,000 3.9 £.0 2.k 2.¢
19.91 | 107% 59 16 257 51,100 7.2 14.8 7.2 7.6
20,00 | 1850 60 8 125 5, 500 20. 26.0 10.b 12.6
20.00 | 2730 £9 12 93 1,000 29,4 35,1 2g.b o7
20,07 10 81 362 301 31,100 2.4 5.0 2.2 2.2
20,07 75 59 316 25 1,800 N 5.0 2.; 2.5
19,97 | 1105 59 262 2013 &, 200 %.o 14,7 6. 8.0
19.90 | 1860 60 151 91 0,600 19.0 26.0 10.2 15.8
20.10 | 2800 60 124 Bl 43,000 39,0 35.5 28.8 £.7
27,000 9.86 | 1150 59 238 179 49,600 17.9 14,8 3.9 10.9
9.9g 530 58 322 264 33,700 4,8 4.8 1.7 3.1
5.9 1150 £9 193 134 Zz,loo 16.1 13.8 2.5 11.3
5,95 | 1570 59 223 124 6,900 | 23.0 26.5 15.9 6.5
41,000 4,96 6985 100 - - - 10.2 5.0 JEPDRRUU HR
4,96 635 100  frmeecm— - I B 10.2 L P R
5,06 | 1160 59 p-- -—- -| 34.5 15,5 fmeommmeeo e
Combustion air Fuel ¢
. I
Nominal {Flow Inlet Flow - [Tempera- |Heating | Feed Heater Fuel- Exhaust |Restrict- é?
pressure|(lb/hr)|tempera~ [{1b/hr)|ture value pres- effi- air tempera-|ing & §
altitude ture (OF) (Btu/ sure clency ratio ture solenoid {? éﬁg%
(re) °r) hr) (1v/ (percent) (°r) valve £§§ i
- sq position
: in,) e F
Sca 76,6 78 4,47 120 82,700 | 14.93 49,7 10.0%83 | 1080 1 H
level 72.1 78 4,47 113 82,700 | 14,30 58 o 4 L0620 980 ;
108,90 63 E.lo 9§ 9y 350 | 1R 7L 53,0 0u72 380 Open. 6. .& 28t
105.0 68 6l 90 &5,850 | 15.72 84,0 JOHU2 930 || lgne. g7
111,0 67 4,53 87 83,800 | 14,93 ps.g L0408 726 A - YA )
75.8 74 3,28 102 60,700 | 15.80 48, .0l33 872
72.2 b 3,2 106 29,750 1L.658 63,6 LObd 670
109.0 2 3.53 96 6,400 | 14,74 £h.6 .032 55 Closed
105,0 é8 3.29 8u 60,856 | 14,84 65.3 L0351 2
110.8 67 3,29 81 60,850 | 14,98 70.4 .029 572 :
11,000 | 62.0 81 k.70 117 87,000 12.27 47.5 0.07;5 1015
62.0 79 4,81 111 89,000 | 158.93 55.0 .0776 | 10u%
87.0 69 3.05 88 93,400 | 18,52 2 .7 .0580 955 Open
88.0 68 .%} 88 8%, 800 | 15.32 6.2 .0b15 | 820
89.0 89 4, 85 85,800 | 16.682 1.1 .052? 770
62.5 80 3,27 11 60,500 | 14,98 1. .052 900
63.0 79 3.27 10 60,500 | 14.98 69. .051 8Lo
89,0 68 3,55 82 65,700 | 14,78 48,2 .0399 gg; Closed
87.0 6 3,29 80 60,850 | 14.98 6., L0378 :
90.0 . 6 3,34 ‘79 61,800 | 15.03 69. L0372 618
27,000 | 60.0 70 4,86 95 90,000 | 15.03 5.1 10,0810 900 Open
Lo.0 80 3.08 106 7,000 | 16,93 5.1 .0770 680 Closed
61,0 71 3.24 91 0,000 { 14+.58 1.8 L0531 755
56,0 103 L.66 124 86,200 | 15.23 57.6 L0832 795 Open
41,000 | 33.0 88
: R3°o 80
2.5 IAs




NACA RM

NMo. E6LO2a

HAT IONAL ADY ISORY
COMMITTEE FOR AEROMNAUTICS

TABLE II - HEATER PERFORMANCE WITHOUT AUTOMATIC CONTROLS INSTALLED

[Nomlnal pressure altitude, sea 1evel]

Ventilating air Combustion air
VYariable |Inlet Flow Inlet Outlet Tempera- |[Enthalpy|Pressure |[Flow * Inlet
ressure |(1b/hr) [tempera- [tempera- |ture change |drop (1b/hr) | tempera-
in. Hg ture ture rise (Btu§ (in, ture
abs. ) (°F) (°F) (°r) hr) water) (°r)
Ventilat-| 29.96 | 1515 0 Isothermal 2.3 --------------
ing - 29,96 | 1300 0 Isothermal .0 BRSSP PR,
air 29.86 1070 0 Isothermal 2.8 PN F
flow © 29,86 708 1 Isothermal 1. RO S
29,86 528 2 Isothermal ; SR
29.91 510 1 294 29 6,000 1. 71,6 1
29.91 | 1135 -2 164 16 25,1300 14.,2 1.4 13
30,01 | 1530 -2 121 123 U5, 350 — 72.0 11
29.96 | 1295 0 U2 143 ,30 5.8 71.6 12
29,96 887 0 197 197 42,100 3.1 71.7 11
Fuel 29.96 688 -6 134 140 23,200 1.8 72.0 7
flow 29.96 688 -1 180 181 ag,ooo 2.0 72.0 1
29.86 690 o} 2u3 243 , 400 2.2 72.7 14
29.86 693 0 299 299 L9, 900 2.5 72.0 1
29.86 688 o 31; 313 £1,900 2.0 1.7 1
29.81 683 0 2% 26 44300 | 2.2 71,2 1z
29.76 670 ? 278 276 by, 600 2.2 71. 16
Fuel
Variable { Combus- Flow Temperature [Heating value |Heater Puel-air |Exhaust-
tion-air | (1b/hr) ({’E’) (Btu/hr) effi- ratio gas
pressure clency tempera-
drop (percent) ture
{in. (°F)
water)
Ventilatd._ | c e v m e o] PR, .- e e e o
ing~
air
flow
2.3 3.52 27 4.8 0.0496 250
2.2 2.5 22 9.0 .0498 00
262 3.52 20 69.0 049 45
2.1 2,5 2 67.3 2049 665
242 3.57 2 63.8 0408 755
Fuel 2,0 2.37 ol 52.9 0.0329 530
flow 2.1 2,81 28 7.7 .03%0 o
2.3 3.60 29 o7 RTL 810
2+3 .76 30 56.7 .0661 955
2.7 6.20 28 ug.z .0865 1010
2.3 4,01 27 2 o7 L0561 8
2.3 k.01 27 0.0 .0560 385

L]



HACA RM NO. ESLO02a

NAT {ONAL ADYISORY

o COMMITTEE FOR AERONAUTICS TABLE IIl - HEATER PERFORMANCE
)} Ventilating alr Combustion air
Kominal et Flow Inlet Outlet |Tempera-|Enthalpy Pressure|Inlet Flow
pressurelpressure | (1b/hbr)| tempera- |tempera~| ture change |drop ressure |(1b/hr)
altitud . Bg ture ture rige (Btu/br) {(in, {in. Hg
() abs.) (°F) {eF) (°r) . | water) | abs,)
Sea 29.8 1120 -67 2 69 18,550 e oawm-el  29.8 14.8
level 29.8 | 1095 -68 - & 62 16, cemm—wza| 29,8 | 14.6
29.8 | 110 -69 -20 49 13, ceemeeeo| 29.8 | 2M.9
29.8 111 -69 -26 83 11,000 [-cwwe=-- 29.8 14,
29.8 1120 | -69 -37 32 8,600 |-eomw=--l 29.8 1k,
10,0060 | 20.7 71 1160 ~60 - 2 ] 16,1 kg 20. 12.0
¢ ao.g 1180 -662 -9 é 15,8 5.0 20.2 11.8
20, 1 - ~20 12,920 .8 20.6 11.5
20.6 1 -59 -22 37 10,340 4,6 20.6 11.8
20,5 | 11 -8 34 24 &, 740 b6 20.5 11.8
20,000 | 13.6 1100 -51 17 3 8,980 6.7 13.6 9.
2.9 1090 ~57 =35 22 £, 760 6.2 12.9 10,
13.1 | 1085 :23 -i2 gl §, 640 6.h 13.1 | 10.9
12.8 1823 <1k 12,100 gz 15.8 10.
13,8 1 -62 ~2) ) 10,430 . 13.8 11,
000§ 10.9 10 «62 =20 42 10, 380 .2 10.9 8.6
i 10.9 1030 -61 -22 39 E,ﬁo Z(.a 10.9 8.5
10. 10 - ~40 20 ,970 g.l 10. 9,2
10, 1035 60 e 16 ,970 .8 10, 9.8
11.3 1033 -62 i 18 ,370 6.2 11.3 8.8
36,000 8.8 1065 -6l -20 4y 11,2 8,7 8.8 10.1
8.8 1%(5) ~§1 - 36 9,2 9.0 8,8 11,0
8.8 b --60 2 33 8,420 8.9 8.8 10.9
8.7 1065 -60 -29 31 7,920 8.6 8.7 10.8
8.8 1065 -60 ~31 29 7,420 8.7 8.8 10.9
©00 6.8 1010 -638 -21 i 11,400 1k, 6.8 17.
35 6.6 | 1080 -68 47 21 et 122 6.8 153-
6.8 11 -69 46 23 ,2u0 | 1h.8 6.8 17.2
6.8 1085 -70 47 23 5,990 - 15.3 6.8 li.lt
6.7 109% -71 -4g 22 5,780 15.8 6.7 17.3
- 10,000 5.2 825 -67 -1 60 11,880 | 12.2 5.2 16.7
5.2 835 67 -11 56 11,220 | 11.9 5,2 16.8
SRR R P R
. - ~23 ,920 . . 20,
5.3 943 _R 42 133 24,830 | 16.2 5.3 uo.g
000 6.0 1075 ~bb -1 i 15,220 21.0 L2 18.2
¥5 6.2 ngg 66 48 ?2 §'° 5 | 19,6 4.1 | 18.2
6.0 13 -6% -6 59 16,430 | 21.4 4,1 25.5
5.1 1100 -63 35 98 25,900 | 23.3 4,2 47.0
5, 1175 -63 -13 50 1k,000 | 21.5 349 55,0

1Saxtls,factox‘;; combustion, not a limit.

2
Combustion would cease with a small reduction in combustion-air flow, hence
a combustlon limit.



FOR SHMALL COMBUSTION-AIR FLCWS

WACA R No. E6L02a

. NAT IONAL ADVISORY
! COMMITTEE FOR AERONAUTICS

Combustion air Fuel
Nominal Inlet Pressure | Flow Tempera- Heating IRemarks
pressure | tempera-|drop {1b/hr) | ture value
altitude | ture giap (or) (Btu/
(re) (°r) (in, br)
water)
Sea =34 0.6 1.u2 -14 29,000 (1)
level -36 .6 «9 -11 19,100
-37 -6 1 -9 1k, 200
-37 +9 .28 -9 11,600
-33 o7 A7 -10 9,400
10,000 -22 | 0.3 1.20 -22 24,000 (1)
-3 1.2 .76 -14 15, 200
-3 1.5 oS4 -23 10,900
-10 1.1 . -21 &.800
-5 2,2 +35 -20 7,000
20,000 2 s mwow=-=| 1,00 1 20,000 (27
-3¢ 0.1 .71 0 14,200
=34 .2 N -10 {11,000
-3 .3 47 -7 9,400 7
“38 Jeameeee—o] 036 -12 7,300 | 0
25,000 36 |eccmem=a]| 0,85 -10 17,000 61.0 0 (2)
-35 mmee— o 929 - 11,800 81.6
_3ﬁ [R—— 16 - 2 9,100 c4. 6
=33 |eecmamas «38 6 ,600 22,2
-3% ~ oo .33 14 , 600 7.7
30,000 -32 cmmwme=| 0,91 Y 18, 200 61.8 0 (2]
=28 0.7 .66 -11 13,200 70.0
-28 .2 +50 -2 10,000 84,3
-28 e .38 2 7,600 104,2
-28 .5 .29 2 5,800 128.0
35,000 -30 0.4 1.77 -19 35,400 32.2 |0 {2)
-29 . 1.21 -16 21,400 25,4
-30 . .88 -14 17,600 35,5
-30 .2 .69 -13 | 13,800 43.0
-30 ol +57 -13 11,400 50.7
Lo, 000 -2l 0. 1.71 -18 34, 200 34,7 (2)
-23 . 1.12 ~11 22,400 50,1
-20 ol .00 - 20,000 27.3
-23 .2 .82 -18 15,180 71.8
.9 1.18 -26 21,820 112.3
45,000 -4 0.2 2.00 -25 37,000 41.1 (2)
-39 2 1.32 -15 26,400 19,2
-30 o4 1.38 -18 25,530 6b .3
-S4 1.5 2.00 -7 7 70.0
-39 1.7 2,00 -9 27,000 38,0

w




NACA RM NO.

E6LO2a

HAT IONAL ADVISCRY
COMMITTEE FOR AERONAUYICS

TABLE 1V - HEATER PERFORMANCE FOR LARGE COMBUSTION-AIR FLOWS

. Ventilating air Combustion air
we Run |Pressure |Inlet Flow Inlet Outlet |Tempera- |Enthalpy|Pressure| Inlet Down-
B altitude [pressure |(1b/hr) |tempera- [tempera-|ture change |drop pres- | stream
o (rt) in. H ture ture rise {Btu/hr)|(in, sure ressure
abs.? (°r) (°F) (°r) water) | (in. in. Hg
. Heg abs.)
abs.)
162 | 10,000 20.6 1125 -66 23k 300 81,000 7.4 20,4 18.5
tg 39,000 5.5 1100 -65 e Eauanalataled L S S SEEREE 3.2 4.9
2§ 38,000 Z.S 1100 -65 e - R et D ELLL Lt 10.3 £.8
2} | 37,500 .0 | 1100 -2 AR IS ISR SR 11.9 8.0
. 2) | 37,000 6.1 1100 B e bl e oo 12,E 6.1
2) | 37,000 6.1 1100 -65 b ] C——— pofmmm———| 13.2 6.1
(2 30,500 6.3 1100 -65 el e B R 13.9 6.3
(5) 36,000 6.¢ 1100 -65  pemeeem- et ] .9 6.5
165 | 36,000 6.2 1100 -6 20 86 22,700 | 18.4 17.2 7.0
166 { 29,000 5e 1080 -65 -9 56 14,500 [ 19.4 19.4 5.0
Combustion air Fuel
Run [Flow Inlet Pressure |Flow Tempera-| Heating |Heater Fuel-alr |Exhaust- | Remarks
(1v/hr) {vempera- |drop (1v/hr) | ture value |effi- ratio gas
ture (in. (°r) {Btu/ |[clency tempera-
(°F) water) hr) (percent) ture
(°r)
162 | 177 ~h7 26.1 11.70 -23 209,000 | 38.75 0.06M4 180¢ (1), (%)
(2) | 180 - 9.0 6.00 |=mmmtompmmclooo|looilo -1 w033 feecclo— (B
{2) | =00 — 81.1 6066 |=mmmmmmef oo o W03 o - ()
(2) | 20 - 80.2 8,00 [—=-mem—|ommaean [P B ¢ ) 5 T E T, (&)
(2) | 260 -— SZ.O 8,66 |m—emmme | e —mmmm e 5032 ———— (&)
(2) | 280 - 96.5 9:33 |==—wmm - w———— ———————— 2033 fewemom—— (k)
2) 300 - 103.3 10,00 |- commm | mmrmmee oo m——el 5033 oo (4)
& 320 —_— 114.2 10,70 j====-e B B —mmmee oot L0323 —mm———— (%)
lé% 288 -2 138.7 13.02 -38 241,600] 9.00 .038 b3y (3
16 Bly -62 196.0 13,4 -29 249,000| 5.80 .02¢ 2is (5
lFurther increase in combustlon-alr rlow for this fuel-alr ratio was not attempted

because of excesslve exhaust-gas temperatures.
2Prial runs.

3The combustion-alr flow and pressure drop considered to be above the range of practical

interes

t.

Satisfactory combustion, not a limit,

5Combustlon would cease with a small increase

limit.

in combustion-alr flow, hence a combustion



17 NACA RM No. E6LO0Z2a

TABLE V -~ HEATER
Eloltage across the
HMATIOMAL ADYISCORY
COMMITTEE FOR AEROMAUTICS

Homi-{ Inlet |Combus-| Combus= | Fuel | Puel Fuel- Starting time Venti-
nal |pres- |tion - tion—- flgv; tempera~|air (min) lating
pres-| sure air alr 1 % ratlo air-
sure (in.ﬂ? flow inlet hy) (gé:)e First [Second Third | _...hce
alti-| abs.) | (1b/ -| tempera- start start | start | gonpera.
tude hr) ture ture
(£e) (°F) (°F)
Sea | 29.9 35 =lt2 3.50 | =56 0.100 | 0.55 {2.05 | 1.92 | =60
level 5 R 2.33 1 =56 066 11.00 | .95 | 1.43 | =60
5 “'h’2 ln 75 “"56 e050 cm 077 1080 "60
- . 8.00 | =55 2100 | 1,80 |1.70 | (a) =70
50 =l 5,00 | =50 100 | .85 | .50 .83 | =65
50 i1 3433 | =50 2066 | 1,50 |1.50 | (b) -65
60 U8 6,00 | =60 2100 | .22 | .62 .as 76
60 -hg .00 | =60 066 | .38 | .55 L2 | =76
80 =g 3.00 | -60 ,050 .68 [1.86 .51 | =76
60 =g 2.00 | =60 .033 (a& (a) {b) -76
70 “’53 3950 "% 903) ® 9 e .;5 "'71
70 «gz 2.33 1 -56 .033 | (a) (a) (b ~T1
90 - 3,00 -gﬁ .033 - 81 .92 .97 | =70
160 -66 16.00 ] = L1001 .21 | .88 .28 | -81
240 ~69 16.00 | -56 L066 | U8 | b6 .96 | -&
sho =69 12,00 | -56 050 | .75 | .80 .95 | ~80
240 -69 8,00 ~56 033 | 70| b2 .31 | -8
260 -6% 17.33 | =51 .,066 [1.10 | . .62 | -Th
260 N3 8,67 -5 033 | 1.1 | .83 .81 | -Th
280 -T1 14,00 | <61 050 | 1.14 | .80 255 | =80
280 -T1 9.33 | -61 .033 11,15 |1.13 | 1,00 | -&
,000| 20.6 5 17 2,50 | =56 0.100 | 0, 0. 0.96 | -65
;5 N7 2.34 ] .56 .066 .gﬁ . .28 | -65
35 =53 1.75 “5% .05 | .60 | .86 .60 | ~T7
ag «53 1.17| - 2033 | (a) [2.00 .50 | =TT
=7 4,00 ~56 100 | 30| .27 Lok | -85
ho N7 2,67 | -56 L066 | .33 .68 .95 | 65
ko -62 2.00 | -69 .05 | .55 | .58 . -82
ko =52 1.33 | <47 .033 | .60 69 ,32 -T7
60 -60 3,00 | ~70 .05 | .61 | .55 . -8k
60 =80 2.00 | =70 ,033 .61 |1,.62 .75 | -84
100 ~53 10,00 | -%0 100 | .22 | .25 .22 | =70
100 =53 6.67 | ~50 066 | .22 | .21 23 | -70
100 ~53 5.00 -Eg 050 | .22 | .22 23 | -T0
100 -50 3,33 | - 033 | .26 1 .20 25 | =72
120 ~57 12.00 | <44 .100 | .22 | .22 .22 | =T
120 -51 8,00 | -k5 .066 | .20 16 .15 | =7
120 -51 k00! U5 L033 | U2 b3 | 1,66 | -7h
130 -68 1&.00 -8 .100 | .88 {1.00 .85 | 82
1 =62 14,00 | =61 .100 [ 1,65 | (a) (a) T
140 ~55 9,33 | -ug ,066 | 1.00 | .27 .26 | =T
1ko =55 b 67| -k8 .033 (1,20 | .83 .80 | -Th
150 -62 10.00 | -61 .066 |1,00 | .86 .25 | =75
150 Y T.50 | «61 050 | 1.00 .96 .91 | -T5
150 -62 5.00 | =61 .033 11,00 .9 .96 | =75
160 -62 16,00 | - 100 | (a) |(a (a) -75
160 =62 10,67 | -4l L066 12,12 |1.43 | 1.15 | -75
160 -62 8,00 | ~bi ,050 |1.,05 | .99 | 1,00 | -75
160 =62 5,33 | ~4h4 L03%3 | .95 .70 | 1.38 | -75
170 -57 8,50 | 4 2080 |1.22 [1.17 | 1.30 | =73
170 =57 5.67 | ~44 033 11,53 ]1.53 | 1.09 | -73
20,0008 13,5 15 -29 1.5 | =31 0.100 {0.99 |1.45 [ 1.35 | -67

2o 1ggition.
No attempt at ignition.



NACA RM No. E6(L02a

IGNITION CHARACTERISTICS
ignitor was held at 28.5 volt,s]

NAT 1OMAL ADY ISORY
COMMITTEE FOR AERONAUT ICS

Homi~|{Inlet | Combus«| Combus~ | Fuel | Fuel Fuel- Starti time Venti«~
nal pres- | tion- tion- {107 tempera~ air (miﬁ? lating-
pres—{sure | alr air 1b/ | ture ratio Al Third] 8ir-
sure {(in, | flow inlet hr) | (OF) First jSecon entrance
alti-|Hg (lb{ tempera~ start |start |start tempera-
tude {abs,) hr ture ture
{(ft) (°r (°p)
20,000(13.5 15 -~35 1.00 | =32 0.066| (a) 1.70 | 0,60 ] -T2
15 ~35 0.75| =32 050 | (a) (a) 0.80 | =72
20 -9 2,00 | ~31 »100| 0,55 | 0.51 | 1,05 | -67
20 -29 1.33 | =31 -~ 086 .73 .89 . 50 - 67
20 -29 1,00 | =31 0501 U7 .35 .35 -67
25 —52 2. 50 “52 » 100 » 50 ® 29 3 33 "’72
25 ~52 1,67 | =52 - .066| LTH .38 1| -T2
25 ""52 1 . 25 “52 ® 050 L] 89 ® ?8 lq 00 -'72
25 =52 .83 | =52 2033 (3&8 (a .63 | -T2
20 =52 3,00 | =52 L1001 . .97 Eo -T2
30 52 2.00 | =52 L0661 M1 U7 A1 T2
30 -52 1.50 | ~52 050 .50 .38 LM -T2
28 -52 1.00 | =52 .033] .86 .57 Sl T2
7 4 oo _ghu 21001 .38 .3l .90 | -T0
4o U7 2.67 | - .066| .51 .91 541 -70
Lo =47 2.00 | ~54 .05 | . EO b9 20 | =70
14,0 —u2 1033 - 3 '033 JH2 032 .[‘5 "67
50 -52 5.00 | 48 L1000 .31 .31 37| =70
50 -52 3,32 | -he 066 | .80 59 . Eé ~T0
50 850 2.50 "Eg »050 031 051 o S "70
50 -52 1,67 | - ,033 | .30 Bg 45 | =70
60 49 6.00 | -ko0 .100 .R(s) . .25 | =58
60 49 4,00 | -40 066 | . .50 .25 | -68
60 ~49 3,00 | «51 . 050 .90 . 60 .50 | -68
60 -J*9 2aoo ‘”'51 9033 052 (a) -32 —68
70 47 7.00 |~54 .100 | .87 .30 .38 | =70
70 47 4,67 | -58 066 | .ug .bo .38 | -70
70 47 3,50 | -5 050 | .73 | (a) (a) ~70
70 BT 2,33 | -54 .033 | (a) (a& (a) | 70
80 -5l 8,00 | -52 .100 {1.35 L2 1 1.45 | .80
80 -5k 5.33 | -52 .066 11.35 |[1,45 [1.17 | =80
25,000 [10.8 20 -29 2,00 | ~31 0.100 { (a) 1.2 1.30 | -67
20 -29 1.33 | =31 2066 | 1.20 1.35 1,18 | -67
25 ~i42 2,50 =52 100 .53 .48 -39 | -69
25 U2 1,67 | =52 .066 . 60 .52 .51 =69
25 ~42 1.25 |52 050 | .60 | (a) (a) -89
25 42 - 83 :Rﬁ .033 | (a) (a) .90 | =69
%g =36 3.00 .100 .65 297 11.25 | -69
-26 2.00 |-kt .066 | ,81 .62 [1.00 | ~69
30 =56 1.50 | -l44 050 | .61 62 11.06 | -69
Eg -36 1.00 |=bh4 .033 | (a) L82 .53 | =69
-38 b,c0 |=Ho <100 | .93 . 80 .82 | ~70
%) =38 2.66 | -H0 066 | .57 [1.07 |1.03 | 70
4o =38 2,00 |~k0 .05 | .60 | (a) (a) =70
La -37 1,33 |45 033 | .60 | (a) .95 | -69
50 ..%o 5.00 |~28 100 | .65 | (a) I ST 3
50 58 3,33 |-bo ,066 | (a) .99 | (a) ~70
50 ~38 2.50 |-bo .050 | () (b) (b ~T0
. 50 «37 1,66 |45 .033 | {a) (a) {a -89
50,000 | 8.8 30 «38 3,00 |4 0,100 [0.41 J1.1% J1,16 | 7B
23 -38 2,00 -4 .066 [1.44 1,25 1,67 | -7h
=35 h.co |-28 .100 | (a) (a) .91 | -84
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NACA RM No. E6L02a Fig. 3a
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