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General aviation 
National Aviation 
reasons: 

INTRODUCTION 

engine exhaust emission tests were conducted at the 
Experimental Center (NAFEC) for the following 

l, Determine and establish total exhaust emissions characteristics for a 
representative group of current production general aviation piston engines. 

2, Determine the effects of leaning-out of the fuel metering system on 
exhaust emissions, 

3. the of test procedures, testing techniques, instru-
mentation~ etc 

4. Determine reductions in operating limits and safety margins resul 
from fuel system adjustments/modifications evaluated for improved piston 
engine exhaust emissions characteristics, 

in 1967, Congress enacted a series of laws which added environm1ental 
considerations to the civil aviation safety, control, and promotional functions 
of the Federal Aviation Administration (FAA). This legislation was in response 
to the growing public concern over environmental degradation. Thus, the J~AA 
was committed to the development, evaluation, and execution of programs 
designed to identify and minimize the undesirable environmental effects attrib
utable to aviation. 

In accordance with the Clean Air Act Amendments of 1970, the Environmental 
Protection Agency (EPA) established emission standards and outlined test pro
cedures when it used EPA rule part 87 in January 1973. The Secretary of 

and, therefore, the FAA was charged with the responsibility for 
issuing regulations to implement this rule and enforcing these standards. 

of this rule was contingent on the FAA's finding that safety 
by whatever means was employed to achieve the standards. For 

this reason the FAA undertook a program~ subsequent to the issuance of th1~ EPA 
emission standards in July 1973, to determine the feasibility of implementation, 
ver test procedures, and validate test results. 

There was concern that the actions suggested in order to comply with the EPA 
emission standards, such as operating engines at leaner mixture settings dur-
ing landing and takeoff cycles, might compromise safety significantly 

operating margins. Therefore, the FAA contractE~d with Avco 
inental Motors to select engines that they con-

sidered test these engines as normally produced 

1 
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FIGURE .2. ·• .. SEA /LEVEL PROPELLER TEST STAND..;'"TCM TSI0..;360-C · 
. ENGINE INSTALLATION.;.;_ EM! SS IONS ·TES'.tING.;...;REAR VIEW 
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THIS FIGURE IS BASED ON THE TABLE 5 LTO CYCLE WITH THE CLIMB 
MODE AT APPROXIMATELY 80 PERCENT POWER. 
THE MINIMUM F RA TIO SETTING FOR THIS FIGURE IS O. 075 FOR THE 
TAXI AND APPROACH MODES; T. O. WAS SET AT THE LOWEST F/A RATIO 
THAT IS COMPATIBLE WITH THE MAXIMUM CHT LIMIT OF 460 THE 
CLIMB MODE WAS SET FOR BEST POWER F RA TIO. THESE CONDITIONS 
PRODUCED THE BARGRAPH WITH THE LOWEST OVERALL LEVEL. 
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NOX 

MAXIMUM SAFE 
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TABLE C-1. TCM TSI0-360-C ENGINE NAFEC TEST DATA--BASELINE 1 
RUN NUMBERS 2-6 

Run No. 2 3 4 5 6 

Parameter Mode Taxi Out Takeoff Climb In 

1. Acto Baro. - 30 .14 30 .14 30.14 30.14 30.14 
2. • Hum. 0 0055 0.0055 0.0055 0.0055 0.0055 
3. Induct. Air Temp 56 53 53 53 53 
4. Air Temp -°F 55 54 54 54 52 
5 Induct. Air Press 30.29 30.08 30.24 30.38 30.29 
6. Speed - RPM 1200 2800 2520 2436 1200 
7. Manifold Air Press. 16.1 37.0 33.0 21.5 16.l 
8. 0 .0778 0.0777 0.0781 0 0785 0.0783 
9. 12.35 .o 108.0 62.0 12.95 

10. 142.10 1532.7 1216.7 683.7 159.20 

n 11. 0.0869 0.1004 0.0888 0.0907 0 0813 
i 12. 360 448 410 335 374 

I-' 
-..J 13. OF 321 413 398 325 334 

14. OF 255 399 387 269 
15 950 1438 1419 1267 921 
16. 37 412 368 198 34 
17. 8.5 219.6 176.6 91.8 7.8 
18. 10. 78 7.90 8.93 8.98 10.47 
19. 5.32 10.43 8.66 8.61 5.19 
20 •. 0.60 0.19 0 28 0.21 1.23 
2L 10,912 1617 1573 1871 16,965 
22. 80 116 208 198 86 
23. 22.54 189.0 165.5 93.4 .57 
24. 7.08 158.8 102.1 57.0 7.75 
25. 0.91 3.30 3. 77 1.59 2.10 
26. 

, ~~ 

l .uu !@67 1.24 0.834 !. 71 
27. 0.014 0.224 0.306 0.165 0 016 
28. 1.4157 0.7940 8.5107 5.7009 0.5167 
29. HC-lb/Mode 0.1994 0.0084 0.1032 0.0834 0.1142 
30. 0.0028 0.0011 0.0255 0.0165 0.0011 



TABLE C-2. TCM TSI0-360-C ENGINE NAFEC TEST DATA--BASELINE 2-
RUN NOS. 30 THROUGH 34 

Run No. 30 31 32 33 34 

Parameter Mode Taxi Out Takeoff Cl Taxi In 

1. Act. Baro. - inHgA 29.91 29.91 29.91 29.91 29.91 
2. Spec. Hum. 

,, 
- J..D 0.0030 0.0030 0.0030 0.0030 0.0030 

3. Induct. Air Temp. 59 57 57 57 58 
4. Cooling Air Temp.-°F 56 56 56 56 55 
5. Induct. Air Press.-inHgA 30.09 29 .84 30.02 30.13 30.09 
6. Engine Speed - RPM 1200 2800 2520 2436 1200 
7. Manifold Air Press.-inHgA 16.2 36.9 33.0 21.5 16.0 
8. Induct. Air Density-lb/ft3 0.0768 0.0765 0.0770 0.0772 0 .0770 
9. Fuel Wf-lb 13.80 145.0 105.0 62 0 13.95 

10. Airflow, Wa=lb 
1@ 157.90 1554.5 1195.8 726.3 153.00 

11. FI A (Measured) 0.0874 0.0933 0.0878 0.0~54 0.0912 
12. Max. Cht - "F 394 439 411 343 380 
13. Avg. Cht - °F 352 421 402 332 347 

n 14. Min. Cht - °F 267 408 391 322 301 I 
t-' 15. EGT - °F 879 1462 1424 1263 898 00 

160 Torque, lb-ft 34 403 359 196 35 
17. Obs. Bhp 7.8 214.9 172.3 90.9 8.0 
18. % C02 9.44 7.74 8.50 8.29 9.72 
19. % CO (Dry) 4.98 9.91 8.54 8.93 5.59 
20. % 02 (Dry) 2.24 0.17 0.21 0.16 I.OS 
21. HC-ppm (Wet) 17060 14 73 1483 1774 16570 
220 NOx-ppm 149 131 202 176 65 
23. C02-lb/h 21.93 185.6 153.9 91.5 2l.81 
24. CO-lb/h 7.36 151.2 98.4 .8 7.98 
25. 3.78 2.96 2.76 1.28 1. 71 
26. 1.74 1.51 1.14 0.824 1.66 
27. NOx-lb/h 0.0282 0.251 0.291 0.153 0.0120 
28. CO-lb/Mode 1.4725 0.7562 8.19 6.2752 0.5323 
29. RC-lb/Mode 0.3470 0.00753 0.0953 0.0824 0 .1104 
300 NOx-lb/Mode 0.00564 0.00125 0.0243 0.0153 0.00080 
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TABLE C-4 TCM TSI0-360-C ENGINE 
RUN NOS. 7 THROUGH 81 

Run No. 77 78 

Mode Taxi Out Takeoff 
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TABLE C-6 TCM TSI0-360-C ENGINE NAFEC TEST DATA--BASELINE 6-
RUN NOS 71-75 

Run No. 7 72 73 
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TABLE C-8 TCM TSI0-360-C ENGINE NAFEC TEST 
RUN NOS. 909-913 

Run No 909 910 
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TABLE C-9. TCM TSI0-360-C ENGINE NAFEC TEST DATA--BASELINE 9--
RUN NOS. 97-101 

Run No. 97 98 99 100 101 

Parameter Mode Taxi Out Takeoff Climb Taxi In 

L Act. Baroe 30.21 30.21 30.21 30.21 30.22 
2. • Hum. - 0.0035 0.0035 0.0035 0.0035 0.0035 
3. Induct. Air 58 57 56 56 56 
4. Air 54 54 54 55 54 
5. Induct Air 30 .39 30.28 30.31 30. 1 30.41 
6. Engine 1200 2800 2520 2436 1200 

Manifold Air Press 15.5 36.8 33.0 21.5 15.6 
8 0.07 0 .0776 0.0778 0.0776 0.0781 
9. 11.50 162.0 112 .o 61.0 11.85 

10. 161.1 1563.0 1270.0 741.0 152.7 
11. 0.0714 0 .1036 0.0882 .0823 0.0 76 

(] 12. Cht 410 43 393 332 386 I 
N 130 • Cht - 372 404 386 323 360 \JI 

Min. Cht - 306 389 376 31 307 
15. EGT - "F 993 1418 1408 1282 978 
16 lb-ft 44 370 342 220 47 
17 0 10 197 164 102 11 
18 11.64 7. 7 8.68 9.28 2.03 
19. 3.87 11.44 9.32 8.44 3.84 
20 0.67 n 1 'l 0 .18 0 .19 1 <;Q 

Va.!.....) .Jl.. ., _, .J' 

21 55. 72 1704 1535 1837 4470 
22. 168 78 162 212 106 
23 27.2 183.0 169.7 104.8 26.7 
24. 5.8 180.8 116 .,0 ,,. " .., 5.4 OU, I 

25 1.14 2.35 2.56 1.56 LO 
26. 0.55 1.84 1.53 0.86 0.42 
27. 0.031 0.155 0.302 0.186 0.02 
28. 1.151 0.904 9.667 6.070 0.360 
29. 0.110 0.009 0.128 0.086 0.028 
"" 0.0061 0.0008 0.0251 0.0186 0.001 JV 





TABLE C-11 TCM ENGINE NAFEC TEST DATA--TAKEOFF 
MODE--RUN NOS. 8-11 

'-
lh:m No. 8 9 10 

Pa:ramete:r Takeoff Takeoff Takeoff 

lo Act. Baro. - 29.78 29.78 29.78 
2. • Hum. - 0.0050 0.0050 0.0050 
3. Air 62 61 61 
4. Air 60 60 
5. Induct. Air 29. 72 29.71 29.72 
6. 2800 2800 2800 
7. 37.0 37.0 37.0 
8. 0.0755 0.0756 0.0756 
9. 147 .o . o 137 • 

CJ 
10. 1496. 2 1524.4 1503.4 

! llo 0.0982 0.0932 0.0911 
N ...., 12 • 455 474 485 

13 429 450 459 
Min. 418 440 442 

15. EGT - 1451 1490 1515 
16. 399 397 402 
17. 212.7 21L7 214.3 
18. 7.84 8.62 9 19 
19. 10 26 8.99 8.07 
20. 0.21+ 0.43 0.32 
2L 1546 1312 1260 

140 210 286 
23. 184.l 202.6 210.l 

153.3 134 .5 117 .4 
25. 4 10 7.35 5.32 
26 1.55 1.32 1.24 
27. 0.263 0.392 0.525 
28. 0.7666 0.6724 0.5872 
'JO 0. 0077 5 0.00658 0.00618 £..Jg 

30. 0.00131 0.00196 0.00262 



Run No. 12 13 14 

Parameter Mode Cl Cl 

3 61 
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7. 33 0 
Be 0.0760 
9o 94.0 

n 1170.3 
! o. N 

CJ:) 

425 12 
13. 
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3 171 8 
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19. 8. 

0.24 
2L 
22. 
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.4 
3.27 

26. l 
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TABLE C-13. TCM TSI0-360-C ENGINE NAFEC TEST DATA--APPROACH 
MODE--RUN NOS 

Run No. 16 17 18 19 

Parameter Mode 

1. Act. Baro. - 29.80 29.80 29.80 29.80 
2 • Hum. - 0.0050 0.0050 0.0050 0.0050 
3. Induct Air 61 61 61 61 
4 Air 60 59 59 
5. Induct. 30.08 30.07 30 07 30.08 

2425 2425 2425 
-

7. Manifold Air Press 21.5 21.5 21.5 21.6 
8 Induct. 0.0765 0.0765 0.0765 0.0765 

59.0 54.0 49. 44.0 
680.0 68 .3 683.3 674.3 

IL o. .0786- o.o 17 0 
N 12. 327 338 348 349 \.() 

319 341 342 
14. Cht - 309 32! 333 334 
15. EGT - °F 1252 1304 14 

192 193 194 189 -

17. Obs. 88.7 89 1 89.6 .3 
18. % CO? (Drv) 8.88 .03 11.72 13.26 

8.94 6.58 3.90 1.26 
20. 0.20 0021 0.24 0.51 
21. 1979 1468 1163 753 
22. 199 453 2117 
23. 92. 7 101.9 115 .2 125 .o 
240 59.4 42 5 24.4 7 62 
25 1.52 1.55 1 72 3.52 
26. 0.866 0.629 0.482 0.302 
27. 0.163 0.363 0 849 1.589 
28. 5. 4.2539 2.4402 0.7621 
29. o. 0.0629 0.0482 o. 
30. 0.0163 0.0363 0.0849 0.1589 



SUMMARY '"'"'-''-'-"-~'"' TESTS 
AIR FLOW CONDITIONS AIR liP 

Run No. 155 156 157 158 159 160 161 

Parameter Mode Takeoff 

L .20 30.20 30.20 30.20 30.20 
2. 0.0035 0.0035 o. 0035 0.0035 Q.0035 
3 59 59 58 58 58 58 58 
' 59 59 "" 59 59 '"I. .)7 

5. 30.11 30.13 30.12 30.12 .13 
r 

2800 2800 2800 o. 
7. 37.0 36.9 36.9 37.0 37.0 
8. 0 0.0771 0771 0.0771 
9. 162.0 163.0 .o 154.0 152.0 

10. 1590.5 1529.4 1577.4 8 1538.6 
11. o. o. 1066 0 0983 0.0974 o. 
12. 391 395 466 396 406 436 
13. 
14. Min. 390 424 360 406 
15. EGT·- "F 1414 1420 1438 1 1452 
16. Torque, lb-ft 407 410 403 426 424 426 
17. Obs. Bhp 215.9 217.0 218 6 214 227.l 226.0 227.l 
18. Cooling Air 7.0 5.5 3.5 LS 7.0 5.5 3.5 






