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I - INSTRUMENTATION, ALTITUDE OPERATIONAL LIMITS
AND COMBUSTION EFFICIENCY

By Eugene V. Zettle and William P, Cook

SUMMARY

A brief investigation has been made of the performance of a
single combustor of the TG-180C turbojet engine to determine (a) the
altitude omerational limits of the engine for two fuels (AN-F-32
and AN-F-28), (b) combustion efficiencies at various simulated con-
diticns of altitude and engine speeds, (c) combugtor-outlet temper-
ature distribution for several altitudes at constant engine speed,
and (d) the combustor total pressurs drop.

The limits with AN-F-32 fuel were found to be approximately
60,000 feet for an engine speed of 6000 rpm and approximately
38,000 feet for an englne speed of 4000 rpm. The results indicated
that the altitude operational limits with AN-F-32 fuel are higher
over the largest part of the engine-spoed range than with AN-F-28
fuel., A combustion efficiency of 92 percent was obtained at rated
engine speed (7600 rpm) and an altitude of 20,000 feet with AN-F-32
fuel. A change in altitude from 20,000 to 80,000 feet showed a
20-percent decrease in combustion efficiency while the engine was
operating at 7600 rmwm; whereas, at an engine speed of 4000 rpw a
change of altitude from 10,000 to 40,000 feet showed a SZ-percent
decrease in combustion efficiency.
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INTRODUCTTON

A performance investigation is being conducted at the NACA
Cleveland laboratory on a single combustor of the TG~180 turbojet
engine., This report describes the arrangement of the apparatus and
instrumentation and also presents the altitude operationzl limits
of the combustor for two fuels (AN-F-32 and AN-F-28), combustion effi-
ciencies at various simulated conditions of altitude and engine speed,
combugtor-outlet temperature-distribution plots for zeveral altitudes
at constant engine speed, and a combustor pressureadrop correlation.

APPARATUS AND INSTRUMENTATION

The combustion chamber of a TG-180 turbojet engine was connected
to the laboratory-air supply, as diagrammatically shown in figure 1.
Air quantity and pressure were regulated by remote-ccnirol valves
upstreanm and downetream of the combustion chamber. The desired inlet-
air temperature was obtained by the use of an electric air preheater,

which was automatically regulated to maintain a constant inlet-sir
temperature .

The combustor-inlet section and the combustor itself were fur-
‘nished by the manufacturer. The combustor-outlet sectlon, which was
- fabricated at the Cleveland laboratory, duplicates that of the engine.

Two observation windows located axially along the combustor made possible

the visual observation of combustion cheracteristics.

The number and location of instruments at the instrumentation
vlanes shown in figure 1 are tabulated as follows:

Number of instruments
Type of instrument Instrumentation plans
A B C D
One~thermocouple rake 2 e | w3
Three~tube total-pressure rake 3 v | mew  me
Five~tube total-pressure rake -~ el ) -
Five-thermocouple rake - T | wem | e
Static-pressure orifice comnection! 1 1 1 1

All measurements were taken at the center of equal areas. Loca-
tions of the points of measurewent at the respective instrumentation
planes are shown in figure 2 and the instrumentation details are shown
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in figure 3. Temperatures were indicated by self-balancing potenti-
ometers; air flow was measured by A.S.M.E. square-edge orifices and
fuel flow by a rotameter. All instruments were calilbrated. No
attempt was made to correct the thermocouple readings for stagnation
effects. A photograph of the combustor and instrumentation is shown
in figure 4.

METHODS

Tests were conducted on the combustor covering a range of simu-
lated altitudes from 10,000 to 60,000 feet and siwulated engine
gpeeds from 3500 to 7600 rpm, Combustor inlet-alr conditions were
maintained for each altitude and engine-sneed polnt selected at
values determined from the engins-nerformance investigavion made in
the Cleveland altitude wind tunnel at zero ram conditions (refer-
ence 1). The required operating conditions from reference 1, the
actual test conditions, and the results obtained are listed in
table I. At each altitude and engine-gpeed woint invesgtigated, an
attempt was made to obtain an average combustor-outlet temperature
equal to or greater than that required for normal engine operation

% that point. For each simulated engine-spsed point there was an
altitude above which the required combustor-outlet-gas temperature
could not be obtained. The altitude overational limits were deter-
mined for both AN-F-28 and AN-F-32 fuels., The combustion effi-
ciencies over the range of engine operational speeds and altitudes
were determined with AN-F-32 fuel.

RESULTS

The altitude operational limits obtained using AN-F-28 and
AN-F~-32 fuels, resgpectively, are shown in figures 5 and 6 where
altitude is plotted against engine speed, The solid curves separate
the region where the combustor-outlet temporatures obtainable were
gufficient for normal operation of the TG-180 combustor from the
region where either the combustor-outlet temperatures obtainable
were ingufficient for operation of the engine or where burner blow-
out occurred. Figure 6(b) includes lines of constent combustion
efficiency. The consbant temperature-rise efficiency lines were
obtained by interpolating between the data points. The altitude
operational limits using AN-F-32 fuel were [ound vo be approximately
80,000 feet for an engine speed of 6000 rpm and approximately
38,000 feet for an engine speed of 4000 rpm (fig. 6). The results
indicate that the altitude opsrational limits with AN-F-32 fuel are
higher over the laygest part of the englne-specd range than with
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AN-F-28 fuel., The maximum difference reaches 10,000 feet; however,
as the rated engine speed (7600 rpm) is approached the difference in
limits between the two fuels is nearly eliminated.

The variation of the combustion efficiency with altitude for
engine speeds of 4000 and 7600 rpm using AN-F-32 fuel is shown in Tig-
ure 7. Combustion efficiency is defined as the ratio of the measured
total ~temperature rise across the combustor to the theoretical total-
oT (A - B)

ATy
combugtion efficiency of 92 percent was obtained at rated engine gspeed
(7600 rpm) and an altitude of 20,000 feet., A change of altitude from
20,000 to 60,000 feet showed a 20-percent decrease in combustion effi-
ciency while the engine was operating at a speed of 7600 rpm; whereas,
at an engine gpeed of 4000 rpm a change of altitude from 10,000 to
40,000 feet showed a 52-percent decrease in combustion efficiency.

tewperature rise across the combustor (reference 2). A

The effect of the variation of fuel-air ratio on combustor perform-
ance at an overating point chosen near the dead-band for AN-F-28 fuel is
ghown in figure 8.

The temperature digtribution at instrumentation plane B-B (fig, 1)
for a gimulated engine gpeed of 7600 rpm and representing two simulated
altitudes (50,000 and 55,000 f£t) using AN-F-32 fuel is shown in fig-
ure 9, Three temperature-distribution patterns taken at simulated alti-
tudes of 20,000, 50,000, and 55,000 feet and at a simulated speed of '
7600 rpm using AN-F-28 fusl are presented in figure 10,

It can be shown from the momentum equation for a constant cross-
sectional-area combustor that the total-pressure drop across the com-
bustor expressed ag a fraction of impact pressure is a linear fuaction
of the ratio of inlet-to-outlet gas densities. The iwpact pressure was
calculated at the inlet to the combugtor assuming that the inlet area
was equal to the maximuwm crosg-goctional area.of the combustor. When
the pressure drop is related to the maximum creoss-sectional area of the
combustor, useful comparisons can be made with the pressure dron in
other combustors of different geometry. Figure 11 shows total-pressure
drop exprossed as a fraction of impact pressure AP/q plotted against
inlet-to-outlet density ratio pA/pB° .

SUMMARY OF RESULTS

From an investigation of the performance characteristics of a
TG-180 comwbustor the following results were obtained;
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1. The altitude operational limits with AN-F-32 fuel were found
to be approximately 60,000 feet for an engine speed of 6000 rpm and
approximately 38,000 feet for an engine speed of 4000 rpm. The
results indicated that the altitude operational limits with AN-F-32
fuel are higher over the largest part of the engine-spesd range than
with AN-F-28 fuel,

_ 2. A cowbustion efficiency of 92 percent was obtained at rated
engine speed (7600 rpm) and an altitude of 20,000 feet with AN-F-32
fuel. A change of altitude from 20,000 to 60,000 feet showed a
... 20-vercent decrease in combustion efficiency while the engine was
O§éfaéing at 7600 rpm; whereas, at an engine speed of 400C rpm a
change of altitude from 10,000 to 40,000 feet showed a S2-percent
decrease in combustion efficiency.
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National Advisory Committee for Aeronautics,
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TABLE I - SUMMARY OF STATIC PERFORMANCE DATA FOR TG-180 COMBUSTOR

iiggizgigs Required operating conditions? Actual test conditions and results
?u? Engine'jAltitude| Mass | Inlet |[Combus~ |Combus- |Mass |Inlet Combus~| Fuel- | Combus- ! Average |Temper-
1} |speed (£t} fiow | statie | tor— tor— flow |static |tor- air tor— temper-jature~
{rpm} (is/ | pres—~ |outlet | inlet {1v/ |pres- |outlet | ratio | inlet ature |rise
sec} | sure average | average [sec) |sure average average | rise erfi~
(in.Hg | temper- | temper- (in. Bg | temper- temper~- (OF} ciency
NAT IONAL ADVISORY abso—~ | ature ature abso- |ature ature (per~
COMMITTEE FOR AERONAUTICS lute} (OF}* (°F) lute} (oP} (oF) cent)
3 4500 40,000 1.12 ] 10.5 820 39 1.11 10. 4 420 [0.0152 35 385 0,35
2 8000 40,000 1.28 ] 12.4 870 68 1.30 | 12.4 827 0107 88 561 .72
3 8000 45,000 | 1,04 | 10.0 870 &7 1.00 2,7 816 20117 87 549 .66
4 5500 45,000 | 1.20 ] 11.8 750 97 l.24 11.7 897 0194 80 807 .83
5 3000 50,000 .82 7.7 870 68 .82 7.5 579 .0112 &7 512 .83
8 | 5500 §0,000 .98 8.9 7850 97 .96 8.8 |——e—m -1 0158 ——— — -
7 | 6000 80,000 | 1,05 10.9 860 130 1.05 | 10.7 965 .021¢ 120 845 « 57
8 6500 50,000 { 1,13 | 11.4 1010 162 1.14 11.4 1137 .0212 180 977 » 68
] 7600 50,000 1,261 18.9 1465 240 1.27 16,9 1464 . 0237 238 1226 .78
10 5000 55,000 « 87 8,4 870 67 .68 8.3 558 .0107 87 491 .63
11 6000 55,000 «86 8.5 860 129 .88 8,3 780 .0170 132 648 « 54
12 8500 55,000 « 93 8.7 1010 162 « 93 9.9 1145 .0223 162 983 .65
13 7000 55,000 - 97 11.0 1180 198 .98 10.6 1111 .0210 198 915 .84
14 760Q 55,000 1.01 12.5 1465 239 1.04 § 12.2 1317 . 0246 240 1077 . 66
15 86000 60,000 - 66 8.8 880 130 .68 6.8 586 .01286 136 450 + 80
18 6500 60,000 .71 7.9 1010 162 o7 7.7 982 .0187 164 818 .83
17 7000 60,000 «75 9.1 1182 198 «'78 9.1 1068 . 0232 198 870 .56
18 4000 30,000 | 1.45 14,1 850 34 1.43 | 13.9 767 .0166 35 732 .62
1¢ 4500 35,000 1.37 13.2 625 40 1l.38 13.1 755 0167 . 39 716 - 60
20 7800 30,000 | 3.17 | 42.1 1440 262 3.12 40.0 1638 .0225 251 1388 « 93
21 7000 30,000 2.98 36.0 1200 218 3,04 35.8 1741 . 0249 223 1518 « 93
22 | 6000 30,000 2.58 26,9 900 180 2,56 27.0 1620 .0250 i48 1472 .89
23 5000 30,000 1,96 19.1 710 87 1.98 1.3 1306 .0222 87 1219 .81
24 4000 30,000 | 1,45 14.1 850 34 1.45 | 14.2 703 . 0140 34 669 « 87
25 4000 35,000 1.20 | 1i.6 800 14 1.20 11.3 669 . 0139 14 655 .66
26 | 7600 40,000 2.04 27.3 1465 240 1.98 26,9 1540 . 0223 242 1298 .87
27 7000 40,000 1.94 25.6 1180 198 1,96 23.6 1581 L0254 194 1387 .88
28 8000 40,000 1.89 17,6 880 130 1.866 17.4 1303 0414 129 1174 .81
29 5000 40,000 | 1,29 12.4 870 68 1.30 12.4 11156 .0219 64 1051 + 70
30 4500 40,000 1.12| 10.5 825 39 1.12 | 10.4 611 .0124 28 583 .85
33 4000 40,000 <985 9.0 €00 14 98 jemmmeee | e e . 0208 14 o irans o s | e e o )
32 5000 45,000 1,04 10.0 870 67 - 1,06 9.9 656 .0131 64 592 . 64
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3 4500 45,000 0. 90 8.5 625 39 0.91 8.6 753 0.01€1 44 709 0.56
34 7600 50,000 1.26 16.9 1465 240 1.2€ 1€.9 1559 .0268 240 1519 «76
35 7000 50,000 1,20 14.6 1180 198 1.18 14,4 1172 + 0203 203 ‘969 .71
36 6000 50,000 1.05 10.9 860 130 1.00 9.9 1177 . 0236 1e8 1052 .87
37 5000 50,000 «82 7.7 670 68 .83 7.6 794 . 0208 68 7286 .52
38 4500 50,000 .69 6.6 625 39 .69 6,6 | e o T I R T
39 5000 55,000 . 67 6.4 670 67 . 67 6,2 627 L6193 68 553 .42
49 7600 60,000 .76 10.5 1465 240 .76 10.5 1333 . 0260 240 1093 . 65
41 7000 80,000 « 75 9.1 1180 198 .75 9.2 1139 .0248 195 944 , 58
42 6000 60,000 « 66 6.8 860 130 .66 6,9 1005 .0239 130 875 . 55
43 5000 60,000 « 50 4.8 670 68 . 51 4,8 612 .0218 76 536 - 08
44 4000 20,000 2,02 21,0 740 67 2.02 20,7 779 0122 76 703 .76
45 3000 20,000 1.486 17.1 750 28 1.46 16.9 7 . 0146 22 755 .72
46 5500 60,000 - 59 5.7 750 97 . 60 5.7 e e | 0119 102 jemmmmme e e
47 5500 55,000 . 80 7.3 750 97 .80 Ted 692 +0174 100 292 . 49
48 7000 55,000 « 27 11.0 1180 197 .98 10.9 1133 .0220 198 1038 « 71
49 7600 55,000 1,04 12,6 1465 239 1.05 | 12.6 1375 .0259 243 1132 . 87
50 4000 25,000 1.76 17.4 700 50 1.77 17.3 690 .0129 49 641 e}
51 4000 15,000 2,38 24.9 780 B3 2.39 24.8 752 L0113 82 670 .83
52 4000 10,000 2.78 29,1 840 99 2,79 29,1 837 .011% 94 743 .88
53 4000 40,000 .95 9.0 600 14 .98 8.7 495 .01€8 14 481 .41
&4 4000 35,000 1.18 11.6 600 14 1.18 11.5 614 .0162 13 601 .52
55 4000 30,000 1.45 14.1 650 34 1.44 13.9 679 .0154 34 645 . 08
56 4000 20,000 2.02 21,0 740 67 2,03 20,9 778 L0121 68 710 .82
57 7600 60,000 .76 10.5 1465 240 77 10. 4 1412 .0234 242 1170 .76
58 7600 55,000 1.00 12. 4 1465 24C 1.00 12.5 1500 -0265 240 1260: .73
59 7600 50,000 1.26 16.9 1465 240 1.27 16.8 1490 ,0242 238 1252 . 7€
60 7600 45,000 1.63 20,7 1465 240 1.64 20.8 1506 ,0235 238 1268 .82
6l 7600 40,000 2.04 27.3 1465 240 2.05 27.1 1476 . Q209 239 1237 .88
62 7500 35,000 2,59 34,6 1465 240 2,60 34,7 1489 L0207 242 1247 . 90
63 7600 30,000 3.17 42,1 1440 262 3,15 42,0 1383 .0161 260 1123 87
64 7600 25;000 3,86 51,2 1460 278 3.89 50.5 1433 .0195 279 1154 .88
65 7600 20,000 4,57 60,8 1475 299 4,57 60, 4 1454 . 0180 299 11586 .95
66 6000 50,000 1.05 10.9 860 130 1,068 10.9 920 . 0159 131 789 .70
67 6000 50,000 1.05 10.9 880 130 1,07 11.0 997 ,0191 131 866 .65
68 6000 50,000 1.058 10.9 860 130 1.08 10.9 1097 .0232 132 965 .61
69 8000 50,000 1.05 10.9 880 130 1.06 10.7 1176 . 0252 130 1046 62
70 6000 50,000 1,05 10.9 880 130 1,05 10,9 e |, 0263 130 i s | o e s 0
7Y 3500 30,000 1.11 8.0 680 11 1.11 8.0 437 .0189 12 1128 .32
72 6500 80,000 .71 7.9 1010 182 873 7.8 1096 . 0220 183 933 .84
T 8000 50,000 1.06 10.9 880 131 1.08 11.0 586 . 0095 131 455 .68
74 85000 50,000 1,086 10.9 860 132 1.08 11.0 796 ,0122 132 664 .75
- NAT IONAL ADVIS50RY

louns 1-18, 66-70,
Prom reference 1,

73, and 74 with AN-PF-28 fuel; other runs with AN-F«32 fuel.
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- Schematic diagram showing test rig and instrumen-
investigation of TG-180 combustor.
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Figure 5¢ - Altigude operational limits for T7¢-180 combustor using
Zero ram. (Humbers refer to run numbers in table I1.)

AN-F-28 fuel.
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O Required combustor-outlet temperature obtainable
A Required combustor-outlet temperature not
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v No combustion obtainable
Altitude operational limits
60,000 . Lo, [ve gz_Tltl 4o
-
n'“i u‘st: ;@‘9
50,000 3o
60 |
.» 40,000 26 1o
(*4 .
3 62 |
3
a
= 30,000 63 Lo
£
6L o
20,000 65 Lo
%
10,000
0
2000 3000 4ooo 5000 6000 7600 8000

Engine speed, rpm

(z) Runs. (Numbers refer to run numbers in table I.)

Figure 6. - Altitude operational limigs for TG.180 combustor using

AN-F-32 fuel. Zero ram.
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Figure 9. - Temperature-distribution pattern at instrumenta-
tion plane B-B in TG-180 combustor using AN-F-32 fuel.
Engine speed, 7600 rpm. ‘
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Figare 1l. - Totalwpressure drop across TG-180 combustor expressed as fractlon of impact pressure plotted against

inlet-to-outlet density ratio,.

Inlet-to-outlet density ratio, pA/pB
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