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THE EFFECT OF FUEL INGESTION ON 
TURBOJET ENGINE OPERATION* 

PART I 

J35 AND J47 ENGINES 

FOREWORD 

The myest,gatxon cavered by thts repart was conducted at the Civ,l Aeronantms 
1 Admzntstratmn’s Techmcal Development Center. Indw.napobs. Indtana, under WADC Contract 

No AF33(616)54-15, Amendment No A2(56-1935), and RDO No R-523-369SRlZ 

SUMMARY 

Tests were conducted to ,nvest,gate the degree of hazard resultmg from fuel entermg 
aircraft turboJet engmes with the engrne prnnirry-al= supply The J35-A-13D and J47-GE-25 
serves engines were used for the tests Durmg engme operatmn. measured quantltles of 
JP-4 fuel were released and carried by engme prtmary at= mto the engine compressor Each 
engtne falled when the qnnnttty of Ingested fuel approached approxrmately 1 per cent by 
wetght of the normal qvanttty of engrne prnnary a== with actual fatlures occurrmg between 
0 8 and 1 1 per cent However, each engme falled m a dzfferent manner, the J35 engme falled 
as a result of components becommg overheated and the J47 engme fatled as the result of a 
compressor stall 

INTRODUCTION 

Investtgatmns of atrcraft turbo+ engtne explosmns have mdlcated that a posstble caue 
might be the leakage af flammable flmds n-&o the engme p=m,a=y al= The probabtbty of fuel, 
lubricants, and hydranltc iluld entermg the engme wth the prtmary-a,= supply has been 
mcreased by recent trends I,, design. In order to accomphsh ground coolrng of the engtne 
compartments of some aIrcraft, the coolmg n= secondary a,= after passmg through the corn- 
partment 1s drawn rnto the engme with the prxnary a,= A recent trend 1s tc elnnmate the 
flrewall between the compressor and the burner compartments of the engrne and allow the 
secondary a,= to enter aft of the engme, pass owe= the ent,=e length of the engme surfaces. 
mcludmg the fuel and lub=,catmn systems, and then be drawn mto the engme compressor 
wtth prtmary at= In addltmn to these recent design trends, leakage and spillage durmg 
In-fbght refnelmg of turboJet arcraft also has added to the poss,blllty of flammable fluids 
entenng mto the p=m,a=y-al= mlet of engznes, for mstance. when alrcraft a=e refueled 1n 
mtdalr. a small amount of excesslye ltne fluid escapes after the refuebng hose 1s decoupled. 

In wew of the exploston record and these recent trends m design, It was decided that 
the degree of hazard associated wxth turbine-engine fuel ,“gest,o” should be lnvestlgated In 
lme wzth these needs, tests were conducted by the Clvll AeroMutrcs Admmxtratmn’s 
Techntcal Development ‘enter, Ind~anspol>s, Ind,ana, under contractual agreements with the 
Department of the A,= Force 

TEST FACILITIES AND EQUIPMENT 

A test cell constructed to pravtde explosmn protectton together with a” adjacent 
control bulldmg and an attached auxlbary powerplant r~nm were used for conductmg the 
engine tests These bmldmgs are shown m Ftg 1 A J35-A-13D engme 1s shown mounted m 
the test cell I” F,g. 2, and a view of the control room and the mstrumentat~on 1s shown I” Ftg. 3 

*Rep=,nted for general d,st=,button from a lrm,ted dtstrlbntlon report dated August 1957 



F’lg 1 Jet Engine Test Faclllty, CIVL~ Aeronautxs Admnstratlon, 
Technical Development Center, Indnnapolx, IndIana 

Engme speed was measured by a tachometer wltb a specnlly cantructed Strobotac. 
Fuel rates were measured by Fisher and Porter rotameter-type flow meters. A vlbratlon 
meter, a five-Inch oscilloscope, and a seven-inch recardlng osclllograph mere used to mon,tor 
engme vlbratlon Two vxbratlon pxkups uere mounted on each engne ,nstallat,on Chromel- 
Alumel thermocouples, used with Minneapolis-Honeywell Brown temperature recorders, 
continuously recorded engne and exhaust gas temperatures throughout the tests. Campressor- 
stage pressures were measured with pressure-transducer-type pIckups and duect-pressure 
gages in ~~~~~~~~ ~0clety of h4echanlcal Eng~neersr (ASME) benm0uth sectIon. shown ln 
Fig. 4. was ut,heed to measure the quantity of air consumed by the eng,ne under the var,ous 
cond,tu,ns of test This sectIon was calibrated 1n accordance with ASME test codes 11-1946 
pnor to Its use 

A nozzle assembly shown in Fqs. 5 and 5A was constructed and used to spray fuel 
into the engr.e r&t dunng the tests 6 shows the nozzle dlscharglng fuel Into the 
bellmouth Inlet at the rate of 540 lb 

Fq. 2 Test Cell Installation of J35-A-13D 



t 

Fig 3 Set Engme Test FacLhty Control Room Showmg Instrumentatmn 

Fzg 4 Amencan Soc,ety of Mechamcal Engmeers’ Bellmouth Sectmn and 
Airflow Traverse Section Used Durmg Fuel Ingestion Tests 
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Fig 5 Fuel Ingestmn Nozzle and Orlflce RestrIctor 

DESCRIPTION OF TEST ARTICLES 

The flrsr series of tests was conducted usmg a J35-A-13D turbolet engme, 
Senal No A-501338, manufactured by Allison Dlvlsxon, General Motors Corparatmn The 
engme was rated at 3,750 pounds of thrust at 7,700 revolutions per mnmte (rpm) It was 
rebmlt after a falure occurred durmg the 85 per cent rpm fuel mgestmn tests and *as used 
agam for the 100 per cent rpm tests This engme did not have an automatic fuel control to 
compensate for *pm varmtlons The locations of the thermocouple, vlbratmn, and pressure 
pxkups used ,n the J35 engine tests are shown 1x1 Fig 7 and are described XL Table I 

A second series of fuel mgestmn tests was conducted usmg a J47-GE-25 turbo+ 
englne manufactured by the General Electric Company. The engme, Serml No 076333, 
was rated at 5.970 pounds of thrust at 7,950 rpm ( wIthout water augmentatmn). This engme 
was equpped with an antomatlc fuel control which compensated for rpm varmtmns The 
locatmns of the thermocouple, vlbratmn, and pressure plckups used m the J47 engine tests 
are shown m Fig 8 and are described m Table II 

Fle 5A Fuel IngestIon Nozzle Assembly and Onfxe RestrIctor, L 
Exploded View 



Fig b Release of JP-4 at Rate of 540 Lb /Hr Into J35 Air Inlet 

Fig 7 Schematic Dmgram of Temperature. Pressure, and Vlbratmn Plckup 
Locatmns for Fuel Ingestvan Tests on the J35-A-13D Engme 

Fzg 8 SchematIc Dmgram of Temperature, Pressure, and Vtbratmn Plckup 
Locatmns for Fuel Ingestmn Tests on the J47-GE-25 Engme 
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TABLE I 

LOCATIONS OF VIBRATION, TEMPERATURE, 
AND PRESSURE PICKUPS FOR FUEL INGESTION TESTS 

(Engine J35-A-13D) A 

Locatuxl* 

12 o’clock posltvm on en@ne muiframe 

3 o’clock mountmg posItIon on compressor 
housmg 

4 stage bleed 81r pressure 

6 stage bleed air pressure 

Compressor ml&. b o’clock posltvan 

Aft stage of compressmn, 4 o’clock posltuxx 

Aft stage of compressron, 8 o’clock posltlon 

Aft stage of compressmn, 10 o’clock posltmn 

4 pxkups ,n parallel at 2, 4, 8. and 10 o’clock 
posltmns. 12 mches forward of aft end of 
exhaust test rmg 

Bottom center of No. 5 burner can outer slun 

Bottom center of No. 1 burner can outer skm 

4 ~xkups m parallel at 3. 6. 9, and 12 o’clock 
poslt~ons In tall cone 

Spark lgmtor hole, 4 o’clock posltlon m burner 
can No. 3 between uuiei- and outer slun 

Spark rgnltor hole, 10 o’clock posltux m burner 
can No. 6 between inner and outer skm 

Spark lgnrtor hole, 10 o’clock positron m burner 
can No. 8 between mner and outer shn 

Measurement 

Vertxal vlbratron 

Horleontal vlbrattlon k 

stat1.2 pressure 

statrc pressure 

Air temperature 

Air temperature 

An temperature 

Air temperature 

Average gas 
temperature 

Skm temperature 

Skm temperature 

Average gas ex- 
haust temperature 

Air temperature 

Air temperature 

Air temperature 

*See Fig. 7 for physxal locations of pickups on J35 engme. 
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TABLE II 

LOCATIONS OF VIBRATION, TEMPERATURE, 
AND PRESSURE PICKUPS FOR FUEL INGESTION TESTS 

(Engme J47-GE-25) 

Locatmn* Measurement 

12 o’clock posItIon on forward engme mounting Vertical vlbratmn 
p=d 

3 o’clock posltmn on forward engme mounting Horleontal wbratmn 
p=d 

Air extra&on frttmg on 8th stage of compressor Total pressure 

Air extra&on flttrng on 12th stage of com- 
pressor 

6 o’clock posltmn at bottom of air Inlet duct 
3 Inches rnvard toward centerlIne of duct 

4 pickups in parallel 35 inches aft of turbme in 
tall pope at 2, 4, 8, and 10 o’clock posltmn 

MIdframe 4 o’tlock posItIon m ear extractmu 
port cover 

MIdframe 2 o’clock posltmn m air extra&on 
port cover 

MIdframe 10 o’clock posltmn m air extractron 
port cover 

10 o’clock posltmn m bottom of No. 7 burner 
can between inner and outer lmer 

8 o’clock posltmn In bottom of No. 6 burner 
can between mnei and outer lmer 

1 o’clock posltmn m bottom of No. 1 burner 
can bebeen mner and outer lmer 

3 o’clock posltmn m bottom of No. 2 burner 
can between mner and outer lmer 

Total pressure 

Duct temperature 

Exhaust gas 
temperature 

Compressor dls- 
charge temperature 

Compressor drs- 
charge temperature 

Compressor dls- 
charge temperature 

Air temperature 

Air temperature 

Air temperature 

Air temperature 

*See Fig. tl for physlcal locatlons of pxkups on J47 engme 



Both engmes were supported for testmg by a test-cell fxture which provided a 
three-pant mountmg The engmes were supported on each stde near the rmdpomt by a horl- 
aontal trunnmn mount and at the bottom by a mount located on the engmes’ forward frame 
The s,de mounts transm,tted all loads to the ngld test-cell mount The bottom support 
pernutted vertical ahgnment of the engmes 

GENERAL TEST PROCEDURE 

Tests were conducted to determ,ne engme all consumptmn at Idle, crmse, and takeoff 
rpm throttle settmgs The ASME bellmouth sectIon was utlhaed to obtam these measvrements 
Air consumptmn was measured at the begmnmg of each fuel mgestmn test by a smgle velocity 
pIckup Measurements obtamed w,th this pxkup were correlated with the veloczty-traverse 
measurements obtamed durmg the normal operatmn tests Fuel quantity III terms of weight 
was calculated III multxples of 0 0005 Q, where Q equals the weight of air consumed by the 
engme for the throttle settmg (rpm) used The fuel mgestmn tests were conducted by 
(1) settmg the throttle for the rpm requred for the test, that 1s. 2,822 rpm was constdered 
Idle for the J35-A-13D, (2) spraying the mcreasmg quantltws of fuel mto the engme air Inlet 
durmg each consecutive test, and (3) recordmg temperature, pressure, and wbratmn data 
throughout the mgestmn permd The fuel mgest,an permd was the amount of t,me requred for 
the speed to stab&m while fuel was b, mg sprayed into the engme air Inlet This procedure 
was repeated until the quanttlty of fuel entermg the eng,ne air mlet caused the engme to fall 
Samples of the fuel used durmg the rngestmn tests were analyzed by the Fuels Laboratory. 
Wright-Patterson Air Force Base, Ohm. and found to be wlthm speclfxatmn lmnlts for MIL- 
F-5624C Grade JP-4 A schematIc dmgram of the fuel control used 1s shown m Fig 9 The 
flow rate of the fuel entermg the air inlet was controlled by openmg valve V6 and settmg 
valve V3 to the requred rate for the test The fuel then flowed through the calibrated arlflce 
to sm,ulate the mgestmn nozzle flow When the requmed rate was stablhzed, V6 was closed 
and V7 was opened smultaneously TH,s procedure was repeated for each test until englne 
failure occurred When falure occurred, the fuel pumps were shut off and all valves were 
closed mmedmtely 
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Fig 10 Graph Showmg AIrflow Versus Speed (rpm) Durmg Normal 
Operatmn of J35-A-13D Engme 

RESULTS OF THE TESTS ON THE ALLISON J35-A-13D ENGINE 

Normal Operatmn Tests 
Normal operatmnal data on the J35 engme for Idle. cruxe, and takeoff rpm throttle 

settmgs were recorded prmr to the fuel mgestmn tests Tests were conducted with the 
L engme drawmg amblent pnmary ar to determme air consumptxon and performance at 

var,ous rpm throttle settmgs The data obtamed from these tests are presented in Table III 
The results of these tests are presented in F,gs. 10 through 15 The results mdlcated 
that the engme operated normally m all speed ranges 

Fuel Ingestmn Tests at Idle (2,819) RPM. 
Fuel in quantltles np to 564 lb fuel/hr (0 0068 lb fuel/lb an) entered the primary 

Inlet of the J35 eng,ne at whxh trne the speed mcreased from 2,819 to 3.940 rpm, the 
exhaust gas temperature (EGT) mcreased from 925’ F to 1,191” F , and the engine fuel 

I flow remaned constant at 790 lb /hr 

Fig 11 Graph Showmg Temperatures Versus Speed Durmg Normal 
Operatmn of J35-A-13D Engme 



TABLE Ill 

NORMAL OPERATION DATA J35-A-13D TURBOJET ENGINE HAZARD STUDIES 

Engme Speed Inlet Engine 
Per cent of Actual *1r Fuel 
Rated RPM Speed Flour Flow 
(per cent) (rpm)(lb/.ec) (lb/k) Tl 

35 2822 
40 324, 
45 3613 
50 4012 

2: 
43 86 
4759 

65 5147 
70 5614 
75 5937 
80 6344 
e5 6652 
90 7014 
95 7465 

100 7782 

16 26 785 55 
19 18 8.35 55 
22 01 970 
25 02 1085 :: 
29 64 1163 
33 93 ,274 :: 
38 7, 1378 55 
43 33 1505 
47 97 ,660 :: 
53 08 1852 55 
58 54 2095 55 
62 58 2130 
66 35 2445 :: 
68 57 2860 52 

lTem~eratures at Thetmocowles (aF) - 
=2 T3 ‘T4 T5 ‘6 T7 -Te ‘I9 r10 

102 105 132 982 117 280 920 100 95 
117 122 145 960 132 280 887 112 105 
130 132 152 925 142 277 867 127 122 
145 150 172 890 147 277 812 145 138 
152 158 185 855 I60 275 782 155 ,50 
175 182 202 812 175 260 732 175 172 
198 205 232 708 195 255 690 195 193 
223 230 253 763 220 258 665 218 205 
245 250 283 758 240 300 655 238 232 
270 272 295 767 255 322 667 260 255 
2.85 295 322 802 282 338 700 283 283 
300 315 345 852 302 352 752 305 300 
305 325 352 900 345 362 802 325 325 
305 322 352 910 345 352 847 342 342 

Tll 

77 
90 
95 

110 
132 
148 
162 
185 
205 
232 
252 
280 
297 
312 

1 Locatmns of thermocouple. pressure, and engme vlbratmn probes are shown 1.1 Table 1 and Fq 7 

,i 

1 TOtal 
Pressure 
PI P2 
(k hg j 

25 48 
34 66 

i,” ,i: 
60 125 
75 152 
84 185 
90 220 
98 255 

10 2 28 8 
104 320 
10 4 34 2 
10 5 36 0 
105 370 

1 “tbratmn 
Amphtude 
“I v2 
(rnlk) 

20 30 
15 25 
24 43 
30 45 30 45 
30 30 
40 40 2: 2: 
42 98 42 98 

6”: 1:: 6”: 1:: 
80 1 00 80 1 00 

1 40 1 80 1 40 1 80 
1 50 2 00 1 50 2 00 z z 
1 30 2 30 1 30 2 30 
1 20 1 20 1 20 1 20 

. a . el 



12 Graph Showmg Temperatures Versus Speed Durmg Normal 
Operatmn of a J35-A-13D Engme 

F,g 13 Graph Showng Compressor Pressures Versus Speed Dunng 
Normal Operatmn of J35-A-13D Engme 

Fq 14 Graph Showng Vlbratmn Versus Speed Durmg Normal 
Operatmn of a J35-A-13D Engme 
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F,g 15 Graph Showng Engme Fuel Versus Speed Durmg Normal 
Operatmn of a J35-A-13D Engme 

An mspectmn of the eng,“e after the fuel mgestlon tests at rdle rpm revealed n” 
apparent damage to the engrne The data obtaned durmg the Idle rpm fuel ingestion tests 
are presented 1” Tables IV and IV-A Graphical presentatmns of the effect of fuel mgestmn 
on engme rpm and exhaust gas temperature at Idle and cruxe throttle settings are show” ,n 
Figs 16 and 17 

Fuel Ingestmn Tests at Cruise (6,768) RPM 
Fuel mgestm” data for cruise rpm condztmns are presented in Tables V and V-A A 

graphIca present&on of the effects of fuel mgestmn at cruise rpm an temperature IS shown 
ln F,g. 18 The results mdlcated that the speed and exhaust gas temperature exceeded the 
100 per cent rpm condltmns 

Engme falure occurred on Test No 20 at a speed of 8,341 rpm or an overspeed of 
1,573 rpm from the uutlal speed at crmse rpm throttle settmg The exhaust gas temperature 
prmr to farlure had reached 1,448’ F , an avertemperature of 703” F from the mlt,al 
temperature prror to fuel Ingestm” The englne pr,mary fuel-air mgestmn mixture WPS 
0.0008 lb fuel/lb a,r when the failure occurred This was at the rate of 1,938 lb.fuel/hr 
mto the air Inlet 

Fq 16 Graph Showng Effect on RPM of Ingestmg Sprayed Fuel 
mto the Engme Air Inlet of the J35-A-13D Engine 
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Test 
NO 

4 
5 
6 
7 
8 
9 

10 
3290 3391 
3335 3437 
3380 3484 
3400 3504 
3620 3119 
3655 3755 16 

17 3695 3796 
18 3725 3827 
19 3780 3884 
20 3835 3940 

TABLE IV 

FUEL 1NCESTION DATA FOR IDLE (2819) RPM THROTTLE SETTING 
(Engme J35-A-13DJ (Fuel JP-4) 

Eqgme Speed 
Actual Corrected’ 
(rpm) (rpm) 

2880 2876 
2920 2916 
2960 295f 
3020 3016 
3058 3054 
3110 3106 
3135 3088 
3160 3113 
3180 3278 
3200 3298 

2822 2819 

Exhaust Gas 
Temperature 

Actual Corrected’ 
(‘F 1 (‘F ) 

930 935 
940 945 
950 955 
975 980 
985 990 
995 1000 

1010 900 
,025 

900 2 
905 991 
910 996 
955 ,044 
960 ,049 
975 ,065 

1005 1086 
1025 1107 
1040 ,123 
1045 ,,ZB 
1100 1186 
1105 1191 

rue, Flow 
Am Inlet 
(lb/hr) 

48 790 
60 790 
90 790 

114 790 
144 790 
I62 190 
192 790 
228 790 
270 790 
252 790 
300 790 
348 790 
366 790 
402 790 
444 790 
46.9 790 
498 790 
540 790 
552 790 
564 790 

I”,& Inlet 
An Flow Mixture 
(lb/set) (lb fuel/lb al,) 

16 72 
16 73 
16 93 
17 25 
17 47 
17 16 
17 17 
17 16 
19 56 
19 66 
20 21 

0008 
0010 
0015 
0018 
0023 
0025 
0031 
0036 
0037 

.003* 
004, 
0047 
0049 
0054 
0056 
0059 
0062 
0066 
0067 
0068 

20 43 
20 7, 
20 83 
22 03 
22 19 
22 40 
22 55 
22 87 
23 22 

NORMAL OPERATION DATA 

920 925 0 790 16 26 

1 All correctmns for rpm and exhaust gas temperature have bee” made accord,“g to ” S A,r Force T 0 ZJ-11-10 for dry 
sea-level condrtxons 



Test 
NO 

I 
2 
3 
4 

2 
7 
B 
9 

IO 
11 
I2 
13 
14 
15 
16 
17 
18 
19 
20 

Tl 

50 
50 
50 
60 
60 
70 
70 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

50 

T2 

75 
80 
80 
BO 
80 

110 
100 
65 
60 
50 
50 
50 
50 
75 
70 
70 
70 
70 
75 
75 

90 

TABLE IV-A 

FUEL INGESTION DATA FOR IDLE (2819) RPM THROTTLE SETTING 
(Engme J35-A-13D) (Fuel JP-4) 

Temperature at Thermocouples (‘F.) 
T3 T4 T5 T6 T7 Tll 

100 
95 
95 
95 
95 

125 
120 
75 
65 
65 

2: 
65 
90 
80 
80 
85 
95 
90 
95 

100 

105 
100 
105 
110 
110 
140 
125 
95 
90 
80 
80 
80 
80 

100 
100 
100 
100 
100 
105 
105 

120 

840 
1025 
,050 
1060 
,075 
1095 
ll20 
1125 
980 
995 

,000 
1005 
,010 
1005 
1015 

,070 
,070 
,100 
1090 

:: 
80 
80 
80 

9’0” 
80 
80 
70 
70 
75 
75 
75 
75 
75 
75 
75 
80 
80 

120 
110 
110 
I20 
120 
130 
130 
90 
90 
95 
95 
95 
95 

105 
105 
105 
105 
105 
115 
125 

930 
940 
950 
975 
975 
995 

,010 
102.5 
900 
905 
910 
955 
960 
975 

1005 
1025 
,040 
1045 
1100 
1105 

T9 

LOO 
100 
100 
100 
110 
110 
120 
120 
75 
75 
80 
80 
80 
80 

100 
100 
100 
100 
110 
110 

T1O 

100 
100 
100 
100 
105 
105 
120 
120 
75 
75 
80 

:: 
80 
95 
95 

100 
100 
110 
115 

NORMAL OPERATING DATA 

75 120 920 100 95 77 

T1l 

100 
100 
100 
105 
110 
110 
125 
125 
80 
80 
80 
80 
80 
90 
90 
95 
95 

100 
II0 
110 

30 
30 
30 
30 
30 
30 
30 
30 
40 
40 
40 
40 
40 
40 
45 
45 
48 
50 
48 
45 

30 

60 

6”: 
60 
60 
60 

2: 
70 
70 
80 
80 
80 
80 

IO 0 
10 0 
IO 0 
IO 0 
IO 0 
IO 0 

0 IO 
0 10 
0 IO 
0 10 
0 10 
0 IO 
0 16 
0 16 
0 12 
0 12 
0 19 
0 18 
0 IS 
0 17 
0 I3 
0 II 
0 II 
0 12 
0 19 
0 19 

60 0 10 

Vlbratlon 
Ampl,tude 
y1 “2 

(mls) 

0 l3 
0 I3 
0 13 
0 I3 
0 13 
0 14 
0 22 
0 22 
0 17 
0 17 
0 34 
0 34 
0 33 
0 32 
0 34 
0 3, 
0 22 
0 29 
0 15 
0 I5 

0 13 

86 
89 
78 

6Y 
86 
79 
91 ;: 88 
85 
86 
70 
70 

108 
75 
SO 
06 
66 
80 
70 
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Test 
NO 

I 
2 
3 
4 

2 
7 

9” 
10 
11 
12 
13 
14 
15 
16 
17 
I0 

3 

TABLE V 

FUEL ‘NCESTION DATA FOR CR”lSE (6768) RPM THROTTLE SETTING 
(Engme J35-A-IX,) (me1 JP-4) 

Engme Speed 
Actual Corrected1 
(rpm) (rpm) 

6700 6817 
6750 606.9 
6820 6940 
6830 6950 
6925 7047 
7020 7142 
7090 7214 
7120 7420 
7180 7483 
7220 7524 
7275 7582 
7210 7618 
7370 7601 
7460 7775 
7480 7796 
7580 7003 
7600 7904 
7620 7925 
7675 7982 
8020 8341 

6652 6768 700 745 2093 61 70 

Exhaust cias 
Temperature 

Corrected1 Actual 
t-F.1 (OF.) 

Fuel Flow 
Air Inlet 
(lb/hr) 

700 745 100 2093 
705 750 234 2093 
725 771 342 2093 
730 
740 
755 
790 
790 
810 
020 
820 

iti 
940 
955 

1000 
1040 
1155 
1160 
1305 

776 432 
787 558 
802 670 
M49 846 
911 876 
422 984 
933 1049 
933 1128 
954 1164 
971 ,272 

1063 1300 
1080 1476 
1118 1560 
1161 ,620 
,286 1740 2093 
1291 1830 2093 
1448 2150 2093 

2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 
2093 

NORMAL OPERATING DATA 

Inlet 
Am Flow 
(lb/w) 

Mixture 
(lb fuel/lb au) 

62 15 0005 
62 53 0010 
63 I.9 0015 
63 19 0019 
64 07 0024 
64 95 0029 
65 59 0036 
69 06 0037 
69 63 0039 
70 02 0041 
70 56 0044 
70 90 0046 
71 39 0050 
72 26 0053 
72 54 0057 
73 14 0059 
73 34 006, 
73 53 0066 
74 06 0069 
74 30 0000 

I All correctmns for rpm and erbaust gas temperature were made ,n accordance wtth U S AI* Farce T 0 ZJ-Jl-10 for 
standard dry sea-level cond,tmns 

2 Engine fmlure occurred on tb,s test 



Test 
NO 

I 

: 
4 

: 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I8 
191 20 

Tl 

35 
35 
35 
35 
35 
35 
35 
35 
25 
25 
25 
25 
25 
25 
25 
35 
25 
25 
25 
25 

250 
255 
260 
260 
275 
275 
275 
250 
250 
255 
260 
260 
260 
260 
270 
275 
275 
275 
275 
280 

260 
275 
275 
275 
275 
290 

250 300 700 
250 305 705 
240 310 725 
250 310 730 
260 310 740 
250 325 755 
230 325 790 

260 
275 
275 
275 
275 
280 
280 
280 
290 
295 
295 
300 
300 

275 829 
290 852 
300 062 
290 862 
295 867 
300 885 
300 890 
290 895 
290 900 
290 905 
295 930 
295 950 
295 975 
295 980 
300 ,000 
300 1080 
305 1025 
305 1115 
305 1115 
310 1280 

240 300 
240 305 
245 310 
245 310 
245 320 
250 320 
250 325 
260 325 
270 340 
270 345 
270 345 
270 345 
270 355 

790 
810 
820 
820 
840 
855 
940 
955 

,000 
1040 
1155 
,160 
1305 

270 
275 
280 
280 
280 
295 
295 
275 
280 
280 
290 
290 
290 
295 
300 
300 
300 
305 
325 
440 

275 
280 
290 
280 
280 
295 
295 
275 
280 
280 
290 
290 
290 
290 
290 
305 
305 
305 
305 
305 

280 
290 
285 
290 
290 
300 
330 
275 
280 
280 
280 
280 
280 
280 
295 
300 
300 
300 
300 
320 

NORMAL OPERATlNC DATA 

35 240 250 250 802 250 300 700 283 283 252 

=2 

TABLE V-A 

FUEL INGESTION DATA FOR CRUlSE (6768) RPM THROTTLE SETTING 
(Engmc J35-A-l3D) (Fuel JP-4) 

Temperature at Thermocouples (‘F.) 
T3 T4 T5 T6 T7 T0 T9 T 10 =11 

TOhI 
Pressure 
PI P2 
(in he ) 

11 0 
11 5 
115 
11 5 
11 5 
11.5 
11 5 
11 0 
11 0 
11 0 
11 0 
11 0 
11 0 
I1 0 
110 
11 0 
11 0 
11 0 
11.0 
110 

10.0 

34 0 
34 5 
34 5 
35 0 
35 5 
35 5 
36 0 
37 0 
37 0 
37 0 
37 0 
37 0 
37 0 
37 0 
37 0 
37.0 
37 0 
37 0 
37 0 
37 0 

32 0 

1 40 
30 
30 
40 
25 

.30 
I5 
20 
20 
20 
15 
30 
10 

1 IO 
1 20 
I 00 
1 10 
I I5 
I 00 
1 10 

I 00 

54 
50 
50 
47 
52 
54 
76 
53 

:; ; 
61 
50 

2 
44 
38 
38 
32 
35 
19 

Y Y u 
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Fig 17 Graph Showmg Effect on Exhaust Gas Temperature of Ingestmg 
Sprayed Fuel into the Engme Air Inlet of the J35-A-13D Engme 

The mterconnector between the No 1 and No 2 burner cans falled and caused a loud 
hxsmg noise whmh was nnmedxately detected by the operator m the engme control room 
The connector was cut in two, and Nos 1, 2. and 8 burner cans shov.ed sxgns of dlscolor- 
atxon and warpage caused by an overheat condltlon After failure occurred, the rpm and 
EGT started to decrease The faxlure occurred wlthout advance warmng by a sudden change 
in temperature, pressure. or vlbratmn There were no mdxatlons of rapld temperature or 
pressure r,se. or excessive vlbratton pnor to farlure 

Damage to engme components resultmg from the fuel mgestlon tests conducted at 
cruise rpm condltlon 1s shown in Figs 19 to 24. mclus,ve The followmg 1s noted I,, 
connection wulth the fallore 

1 No apparent damage was suffered by the compressor 
2 The No 1 transatlon lmer was overheated and had several small segments mlssmg 

from the trallmg edge A photograph of this damage 1s shown m F‘lg 22 
3 The crossover tube between burner cans No 1 and No 2 had a large segment burned 

out from overheatmg A photograph of this damage IS shown in Fig 21 
4. Damage to the No 1 can and Its crossover connector 1s shown m Figs 23 and 24 
5 The turbme nozzle diaphragm showed general algns of bemg overheated and was 

burned through aft of the No 1 transItron hoer 
6 The turbme wheel showed evidence of overheat and svgns of forexgn residue which had 

formed on the blades A photograph of this damage LS shown m Figs 19 and 20, mclus~ve 

The engme was dxsassembled, Inspected. and overhauled at the Powerplant Laboratory, 
Wright-Patterson Air Force Base, Ohlo, u, preparation for addltzonal fuel mgestlon tests at 
takeoff (7,759) rpm throttle setting 

Fuel Ingestion Tests at 100 Per Cent (7,759) RPM. 
Data recorded durmg fuel IngestIon tests at 100 per cent rpm throttle settmg are 

presented I,, Tables VI and VI-A A graphlcal presentation of the test data 1s shown ,n 
Figs 25 to 28, mcluslve Fuel was sprayed xnto the engme air mlet m quantltles up to a 
rate of 3,300 lb fuel/h= (0 0130 lb fuel/lb a,=) when faxlure was rnltlally detected Failure 
occurred gradually wzth the speed mcreasmg to 7,836 rpm and then decreasmg to 6.740 rpm, 
at which tune the engme was shut down The exhaust gas temperature had r,sen rapldly to 
1.418” F at the tnne of shutdown 
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Fig 18 Graph Showmg Effect of Ingestmg Sprayrd Fuel mto the Air Inlet 
on the Operatmg l~rnperature of a J35-A-13D Engme 

Fly 19 Damage to Nozzle Diaphragm at No I Transition Lxner From 
Fuel lngest~on - Engine J35-A-13D. Throttle Setting of Cruse 
(6,768 rpm) 
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=% 22 Damage to No 1 Transltmn Lmer From Fuel IngestIon 
J35-A-l3D, Throttle Settmg of Cruse (6,768 rpm) 

- Eng.ne 

FLY 23 Damage to No 1 Burner Can Inner Loner From Fuel Ingestion 
Engme J35-A-13D. Throttle Settmg of Cruise (6,768 rpm) 



c 

F 24 Damage to Crossover Tube Between No 1 and No 
From Fuel Ingestmn - Engme J35-A-13D. Throti 
of Crase (6,768 rpm) 

Burner 
settmg 

c 
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Fq 26 Graph Showng Effect on Speed and Exhaust Gas Temperatures 
of Ingestmg Sprayed Fuel Into the Air Inlet of a J35-A-13D Engm. 
While Operatmg at a Throttle Settmg of Takeoff (7,759 rpm) 

Fig 27 Graph Showmg Effect on Engme Vlbratlon of Ingestmg Sprayed 
Fuel Into the Au Inlet of a J35-A-13D Engme While Operatmg 
at “armus Throttle Settmgs 

3 

s 
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10 
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14 
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24 
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TABLE VI 

FUEL INGESTION DATA FOR TAKEOFF (7759) RPM’ THROTTLE SETTING 
(Engme J35-A-13D) (Fuel JP-4) 

Engme Speed 
Actual Corrected’ 
(rpm) (rpm) 
7782 782, 
7786 7825 
7802 7890 
7802 7890 
7802 7890 
7822 79il 
7842 7973 
7860 79‘91 
7880 8012 
7900 8032 
8020 7956 
8035 7972 
8035 7972 
8035 7472 
8025 7961 
8025 7961 
8030 7975 
8030 7975 
8040 7985 
8030 8102 
8035 8108 
8035 8108 
8035 8108 
7935 8008 
7935 8008 
7935 7036 
7935 7836 

7720 7759 

1040 

Exhaust Gas 
Temperature 

1026 

Actual 

1000 

Corrected’ 

984 

(‘F ) (‘F ) 

,025 1011 

945 966 
950 971 
975 1013 
970 1008 
985 1024 

1000 1039 
975 1028 
970 1023 
960 1012 
975 1027 

,020 1005 
1010 995 
1000 984 

1758 

Fuel Flow 

2360 

AI= Inlet 

1816 2320 

W/h=) (“1:$;1:‘, 

1920 2240 

142 3260 
246 3220 
354 3030 
486 2950 
648 2920 
780 2860 
952 28.80 

1020 2800 
1152 2780 
1206 2640 
1440 2560 
1476 2500 
1632 2400 

1045 1031 2004 2140 
1000 989 2196 2110 
,000 989 2400 2160 
1000 989 2508 2240 
1000 989 2538 2080 
1000 989 2652 7070 .~. 
1025 1059 
1045 1079 

2820 2180 
3024 1910 

1040 1074 3036 1840 
1100 1074 3216 1820 
1450 1418 3300 1810 

NORMAL OPERATING DATA 
940 961 0 3280 

Inlet 
An Flow 
(lb/se=) 
73 59 
73 59 
69 85 
69 85 
69 85 
70 17 
72 14 
70 86 
74 53 
72 69 
68 67 
67 90 
70 30 
70 30 
68 35 
69 30 
70 21 
70 21 
70 21 
70 57 
71 22 
71 35 
71 57 
71 57 
72 15 
70 60 
70 60 

73 59 

Inlet 
Mxture 

(lb fuel/lb am) 
0005 
0009 
0014 
0020 
0026 
0031 
0033 
0040 
0043 
0046 
0058 
0060 
0065 
0070 r: 
0074 
0077 
0079 
0087 
0095 
0099 
0099 
0103 
0109 
0117 
0117 
0127 
0130 

0 
1 Al, correctmns for rpm and exhaust gas temperature were made ,n accordance w,th” S A,r Force T 0 ZJ-JI-10 far 
standard dry sea-level cond,tmns 

% ngme faxlure occvrred on this teat 



Test 
No 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
26 
27 

52 
52 
46 
46 
46 
46 
41 
41 
41 
41 
64 
64 
64 
64 
64 
64 
63 
63 
63 
48 
48 
48 
48 
48 
48 
68 
68 

52 

275 
275 
280 
285 
275 
300 
270 
275 
275 
285 
290 
300 
300 
300 
300 
300 
300 
300 
305 
295 
300 
300 
305 
305 
300 
300 
325 

275 

T3 

300 
325 
325 
325 
315 
340 
250 
260 
250 
270 
275 
295 
295 
290 
295 
300 
295 
295 
295 
2;s 
275 
275 
295 
290 
280 
295 
305 

TABLE “,-A 

FUEL INGESTION DATA FOR TAKEOFF (7759) RPM1 THROTTLE SETTING 
(Engme J35-A-13D) (Fuel JP-4) 

Temperature at Thermocouples (‘F ) 

T4 T5 Tb T7 T8 T9 T 
10 T11 

295 
300 
300 
300 
280 
200 
280 
290 
290 
295 
325 

* 
* 
t 
* 
* 

6;5 
645 
650 
660 
680 
680 
680 
710 
705 
710 
725 
745 
725 
745 
780 
775 
805 
845 
645 
890 

1040 

340 
340 
350 
340 
340 
350 
345 
335 
340 
340 
350 
350 
350 
350 
350 
300 
300 
345 
350 
340 
390 
640 
650 
350 
345 
400 
505 

Pressure 

PI P2 
(ln hg ) 

300 

300 945 
310 950 
310 975 
320 970 
310 985 
340 1000 
300 975 
300 970 
300 960 
305 975 
315 1020 
335 1010 
335 ,000 
325 1040 
330 1000 
330 1025 
335 1045 
335 1000 
335 1000 
310 1000 
320 1000 
320 1000 
325 1025 
325 1045 
325 1040 
325 1100 
350 1450 

300 945 

325 
325 
325 
310 
310 
365 
395 
455 
425 
440 
570 
645 
675 
720 
720 
790 

295 

400 
400 
400 
400 
405 
415 
400 
400 
400 
400 
420 
425 
435 
435 
475 
545 
575 
510 
525 
595 
510 
525 
595 
555 
545 
640 
675 

325 
325 
340 
340 
340 
350 
325 
325 
340 
325 
345 
345 
345 
350 
350 
350 
355 
355 
350 
335 
340 
325 
345 
345 
340 

500 

340 
340 
350 
350 
350 
355 
340 
340 
345 
345 
350 
350 
350 
350 
350 
350 
360 
350 
350 
345 
340 
340 
350 
350 
350 
350 
boo 

NORMAL OPERATING DATA 

400 980 340 325 340 

80 38 0 0 50 0 55 29 
80 38 0 0 65 0 55 26 
80 38 0 0 50 0 50 38 
80 38 0 0 65 0 45 38 
80 38 0 0 55 0 65 27 
60 38 0 0 70 0 60 22 
80 38 0 0 50 0 55 30 
80 38 0 0 60 0 50 27 
80 38 0 0 45 0 65 27 
80 38 0 0 65 0 60 25 
80 38 0 0 50 0 70 26 
80 38 0 0 60 0 70 26 
80 38 0 0 65 0 75 26 
80 38 0 0 60 0 70 23 
80 38 0 0 60 0 75 22 
80 38 0 0 65 0 70 20 
80 38 0 0 65 0 85 30 
80 38 0 0 75 0 90 25 
80 38 0 0 80 0 90 32 
80 38 0 0 90 0 90 33 
80 38 0 0 70 0 95 32 
80 38 0 0 78 1 00 25 
80 38 0 0 70 1.00 24 
80 38 0 0 70 1 10 28 
80 38 0 0 65 1 10 25 
80 38 0 0 65 0 95 34 
80 38 0 0 90 0 90 34 

80 38 0 0 50 0 55 

Vlbratlon 
Ampl,t"de 

VI v2 
(m11s) 

‘All correctmns for rpm and exhaust gas temperature were made ,n accordance w,th ” S A,r Force T 0 2J-Jl-10 for 
standard dry sea-level cmd,tmns 

Ingestmn 
Time 
(=c) 
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Fig 28 Graph Showing Effect on Compressor-Stage Pressures of Ingestmg 
Sprayed Fuel rnto the Air Inlet of a J35-A-13D Engrne Wh& 
Operatrng at Varmus Throttle Settmgs 

The J35 engzne failure from fuel lngestlon at 100 per cent rpm throttle settmg 1s 
shown ,n Figs 29 to 33, inclusive. It was noted that 

1 The transltlon liner aft of the No 6 burner can had a leadrng edge burned as a 
result of the burner-can znner lmer failure, however, all transltmn lmers v,ere Intact wvlth 
no cracked or bb,wn-out segments 

2 The burner-can outer lmers were discolored from bemg overheated, and all the 
burner-can inner liners were cracked and dlscolcred from berng overheated All burner- 
can crossover connectors were cracked or burned out completely Flgure 32 shows the 
burned-out crossover tube between the No 2 and No 3 burner cans 

3. The turbme shroudmg was dzscolored from overheatmg 
4. The turbme nozzle diaphragm was burned through aft of burner tans Nos 3. 6, 

7, and 8. A photograph of thx damage 1s shown ,n Fqs 30 and 31 
5 Several of the turbme wheel blades had been peened by loose metal particles The 

leadmg edges of these blades were covered with metal deposits which had separated from 
the burner cans, crossover connectors; and the turbme nozzle dmphragm Figure 33 shows 
a section of the turbme wheel with foreign metal deposzts on the blades 

GENERAL OBSERVATIONS 

The effect of mgestmg fuel Into the Inlet of the J35 engme on vlbratmn IS presented 
I,, F,g 27 The v,bratlon did not reach an abnormal (peak-to-peak) dxplacement on any of 
the series of tests conducted 

The effect of mgestmg sprayed fuel ,nto the inlet of the J35 engme on compressor- 
stage pressures 1s presented in Fig 28 The fuel lngestmn mixture had little effect on 
compressor-stage pressure durmg the fuel mgestion tests 



Fig 29 Damage to Burner Can From lngestmg Sprayed Fuel unto the Air Inlet 
of a J35-A-13D Engme While Operatmg at a Throttle Settmg of 
100 Per Cent (7,759 L-pm) 

Fig 30 Damage to Turbme Nozzle Dmphragm From Ingestmg Fuel into 
the Air Inlet of a J35-A-13D Engme Wh& Operatmg at a Throttle 
settmg of 100 Per Cent (7,759 rpm) 
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Fig 31 Damage to Turbme Nozzle Dmphragm From Ingestmg Fuel mto 
the AL= Inlet of a J35-A-13D Engme Wh,le Operatmg at a Throttle 
Settmg of Takeoff (7,759 ‘pm) 

Fq 32 Damage to No 6 Burner Can Inner Edge From Iqestmg Fuel mto 
the Air Inlet of a J35-A-13D Engme Whde Operatmg at a Throtlle 
settmg for 100 Per cent (7,759 rpm) 
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Fig 33 Damage to Turbme Wheel Blades From Ingestmg Fuel ~nta the Air 
Inlet of a J35-A-13D Engme While Operatmg at a Throttle Settmg 
for 100 Per Cent (7,759 rpm) 

The effect of mgestmg fuel unto the J35 n,let on engme fuel flow 1s presented in 
Fq 34 The engme fuel flow remamed constant for Idle and cru,se rpm throttle settmgs 
and decreased proportmnally at the 100 per cent rpm throttle settmg 

The resulrs of the J35 fuel mgestmn tests shown in F,gs 16, 17, and 26 mdlcated 
that, as. the engme a,r-,nlet fuel-mgestmn mxture (lb fuel/lb an) became ncher, the speed 
and the exhaust gas temperature mcreased until fulure ulas detected 

A warnmg of mpendmg failure was observed by a gradual increase I,, rpm and a 
rise ln exhaust gas temperature dunng the tests conducted at Idle and crn,se rpm throttle 
settmgs The aforeme?tmned condltmn dzd not ex,st after the eng,ne speed approached 
100 per cent rpm because at ths speed the auto-fuel control cut in and regulated the amount 
of fuel to the engme 

Fig of a J35-A-13D 
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The tests conducted at 100 per cent rpm throttle setting ,“dxated that the speed 
started to decrease gradually as the fuel Ingestm” mixture approached 1 per cent Th,s 
condltlon might have been the result of lmpendmg farlure winch was not rmmedrately detected 
by lnstrumentatm” 

The J35 engine fa&d as the result of a series of fuel mgestm” tests wrth large 
i quantrtxs of JP-4 fuel bemg Inhaled by the prunary-air mlet at the tune of failure F?llluR 

occurred when the e”@“e-inlet fuel-al= mgestm” mixture (lb fuel/lb a=) approached a one 
per cent rat10 

CONCLUSIONS (J35-A-13D) 

1 From the tests conducted at ,dle,cruse, and 100 per cent rpm throttle settmgs, the 
results mchcated that falure ~111 occur by overheatmg of engrne components and the 
eventual loss of turbme blades rather than by a” explosm” or a compressor stall 

2 The change I” engme wbratm” or pressure conditions from fuel Ingestlo” was not 
suffxlent to lndlcate abnormal aperatm” or unpend~ng fa,lure 

3 The J35-A-13D automatic fuel control had no effect on engine operatm” during fuel 
mgestmn tests at Idle and cruise rpm throttle settings The rpm and exhaust gas tempera- 
tures continued to ~1se steadily as the quantity of Ingested fuel Increased However, the 
fuel control stablllzed the speed and exhaust gas temperature durmg the fuel lngestm” tests 
conducted at 100 per cent rpm throttle setting 

4 Warmng of m,pe”&“g failure from fuel mgestmn on tius engine depended upon whether 
the automatx fuel control was I” effect At cvxse and Idle rpm throttle sett,“gs engine 
failure from fuel lngestm” could be detected by a rise I” rpm and exhaust gas temperature 
TIus was not true at 100 per cent rpm throttle setting, xvhere these changes were less 
pronounced until ,ut prmr to engme falure 

5 It 1s not passlble, from the tests conducted, to conclude whether the engrne fa&d as 
the result of the large quankt~es of fuel whuzh entered the engine air Inlet on the f,“al tests 
Just prmr to failure or as the result of the entire series of tests 

RESULTS OF TESTS ON THE GENERAL ELECTRIC 
J47-GE-25 ENGINE 

Normal Operatm” Tests 
Tests were conducted to determine the effect of rpm on en@“.? fuel consumptm”, 

Inlet airflow, temperature, pressure, and vlbratm” dunng normal operatm” The data 
obtamed from these tests are presented 1” Table VII. Craplncal presentatmns of these data 
are also show” I” Figs 35 to 40, znclusrve A,rflow readings were recorded at Idle, normal 
cruzse, and 100 per cent rpm throttle settings for estu-“atl”g the requxed fuel flow for a 
given fuel ,ngestmn mxcture AIrflow readings also were recorded during the fuel xngestm” 
tests at Idle, crmse, and 100 per cent rpm throttle settmgs to determine the fuel-al= mixture 
(lb fuel/lb ax) into the engine ,“let for each test Tests conducted during normal operatron 
mrhcated the performance of the J47 e”@“e was satxfactory at all speeds for Idle, cnuse. 
and 100 per cent throttle settmgs 

Fuel Ingestmn Tests at Idle (3,074) RPM. 
Fuel l” quantltles up to 936 Ib /hr. (0 0096 Ib fuel/lb air) entered the inlet of the J47 

engme at whxh txne the speed Increased gradually from 3.074 to 3,429 rpm The exhaust 
gas temperature also Increased from 675” F to 875’ F as the en@“= fuel consumptmn 
decreased The data obtaned during the ,dle rpm fuel mgestm” tests are presented I” Tables 
VIII and VIII-A Graphical presentatmns of the effects of mgestmg sprayed fuel Into the air 
Inlet of the J47 engine a” speed, exhaust gas temperature, operating temperatures, e”&!r”e 
fuel cansumptmn, compressor-stage pressures, and vlbratm” are shown I” Figs 41 to 46, 
I”cIus,“e These data lndxated that the Ingested fuel mto the engine Inlet was not suffKle”t 
to create abnormal operating condltlons A msual lnspectm” of the engine after the tests 
revealed no apparent damage to the en&“= 



NORMAL OPERATION DATA 
(Engme J47-GE-25) 

Engtne Speed Inlet E”gl”e 
Per Cent of Actual AI* Fuel 
Rated RPM Speed Flow Flow ‘Temperature at Thermocouples (*F.) 
(per cent) (*pm) (lb/se=) (lb/h=) T, T2 T3 T4 T5 T6 T7 Te T9 

38 0 3000 25 5 980 20 675 50 65 50 85 30 95 75 

87 6 6960 91 6 3610 20 700 305 325 295 340 300 350 325 

93 0 7360 96 4 4250 20 760 350 355 335 360 325 380 350 

96 0 7630 99 3 4750 20 815 375 380 360 380 350 405 380 

980 7800 101 z 5110 20 850 390 395 375 400 360 420 400 

100 0 7950 103 5 5220 20 910 405 405 385 420 375 445 415 

1 
Pressure 

at Probes 

p1 Pz 
(1” hg ) 

40 75 

31 0 88 0 

310 89 0 

31 0 97 0 

31 0 101 0 

31 0 106 0 

1 
“lbratmn 

Amphtude 

“1 “2 
(InIlS) 

0 05 0 0.e 

0 74 0 37 

0 85 0 45 

0 ee 0 47 

0 94 0 52 

1 02 0 54 

1 See F,g 8 for location of thermocouple. pressure, and wbratmn prckups 



Test 
No 

I 
2 
3 
4 

2 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

TABLE VIII 

FUEL INGESTION DATA FOR IDLE (3074)’ RPM THROTTLE SETTING 
(Engme J47-GE-25) (Fuel JP-4) 

En&-me Speed 
Act&X, Corrected1 

(*pm) (*pm) 

3000 3074 
3000 3074 
3000 3074 
3020 3095 
3040 3115 
3075 3151 
3090 3166 
3105 3182 
3105 3169 
3100 3169 
3130 323; 
3160 3264 
3170 3274 
3200 3305 
3205 3310 
3205 3310 
3230 3336 
3250 3357 
3290 3398 
3320 3429 

3000 3074 

Exhaust Gas 
Temperature 

Corrected1 
Fuel Flow 

Actual Am Inlet 
(“F.) C-F ) (lb/h=) 

725 
725 
725 
725 
740 
745 
845 
800 
820 
810 
805 
615 
815 
840 
855 
855 
850 
855 
875 
875 

786 72 
7.96 100 
186 150 
706 198 
802 228 
807 252 
913 306 
865 384 
877 432 
067 456 
821 580 
831 598 
831 612 
857 672 
872 762 
872 810 
a67 852 
07L 870 

892 892 ;:;: 

NORMAL OPERATING DATA 

990 
990 
955 
955 
940 
940 
940 
915 
895 
075 
875 
810 
845 
840 
825 
790 
785 
780 
150 
700 

675 731 0 9.90 

,“I& Inlet Ingestmn 
AL= Flow Mixture Tune 
(lb/se=) (lb fuel/lb a~=) (se=) 

22 5 0008 
22 5 0013 
22 5 0019 
23 8 0023 
23 8 0027 
23 8 0029 
25 2 0034 
25 2 0042 
25 2 0048 
25 2 0050 
25 8 0063 
25 8 0063 
25 8 0066 
25 .9 0073 
25 8 0082 
25 8 0087 
27 0 0088 
27 0 0090 
27 0 0095 
27 0 0096 

25 5 0 

1 All correctmns for rpm and exhaust gas temperature were made m accordance with U S Atr Force T 0 ZJ-Jl-10 for 
standard dry sea-level condltmns 

NOTE See Fzg .5 for locatmns of thermocouple, pressure, and vrbratmn prckups 

62 
55 

z", 
50 
52 
47 
46 
64 
39 
42 
39 
45 
37 
37 
36 
41 
34 
31 
36 

Y 



Test 
NO 

=1 

1 35 
2 35 
3 35 

z 35 35 
6 35 
7 35 
8 35 
9 40 

10 40 
11 55 
12 55 
13 55 
14 55 
I5 55 
16 55 
17 55 
18 55 
19 55 
20 55 

35 675 50 65 X 85 30 95 75 40 

=2 

725 
725 
725 
725 
740 
745 
845 
BOO 
820 
810 
805 
815 
815 
840 
855 
855 
850 
855 
875 
675 

TABLE VIII-A 

FUEL INGESTION DATA FOR IDLE (3074)l RPM THROTTLE SETTING 
(Englne J47-GE-25) (Fuel JP-4) 

TemDeratures at Thermocouples (“F.) 

El 
60 
60 

t”, 

2: 

2: 
95 
95 
95 
95 
95 
90 
90 

;: 
90 

T4 

75 
75 
75 
75 
75 
75 
75 

;z 
100 
125 
130 
130 
130 
140 
145 
145 
145 
145 
150 

. 
‘5 T6 =7 T8 

X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 100 x 105 
X 125 X 125 
X 125 X 125 
X 125 X 125 
X 125 X 125 
X 125 X 17.5 
X 115 x 125 
X 115 x 125 
X 115 x 125 
X 115 x 125 
X 115 x 125 

105 40 
105 40 
105 40 
105 40 
105 40 
105 40 
105 45 
105 45 
105 45 
105 45 
125 40 
125 40 
125 40 
125 40 
125 40 
125 40 
125 45 
125 45 
125 45 
125 45 

NORMAL OPERATING DATA 

70 
70 
70 
7.0 
70 
70 
80 
80 
80 
80 
80 
80 
80 
80 
8.0 
80 
85 
85 
8.5 
65 

75 

Vzbratux, 
Amplitude 

Vl V2 
(mlls) 

04 
04 
05 
05 
05 
05 
05 
05 
04 
05 
06 
10 
07 
12 
10 
11 
14 
14 
14 
14 

05 

04 
.05 
05 
05 
07 
06 
05 
06 
05 : 
05 
06 
06 
05 
06 

.07 
05 
05 
05 
07 

.07 

08 

X - Inoperative mstrument. 

‘All cOrrectmns for rpm and exhaust gas temperature were made 1x1 accordance with U S Air Force T 0. ZJ-Jl-10 
for standard dry sea-level condItmns 



Fq. 35 Graph Shawmg Inlet Airflow Versus Engme Speed Durmg Normal 
Operatmn of a J47-GE-25 Engine 

Fig 37 

ii; iiiitiiiiiiiiiiiii;,I~ 
.T* II’IlllIlllIlllIlH 

Graph Showmg Temperatures Versus Engme Speed Duruxg Normal 
Operatmn of a J47-GE-25 Engme 
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Graph Showmg Temperatures Versus Engme Speed Durrng Normal 
Operatmn of a J47-GE-25 Engme 

1 

Graph Showing Compressor Pressures Versus Engrne Speed Durrng 
Normal Operatmn of a J47-GE-25 Engme 



40 Graph Showng Vlbratmn Versus Engrne Speed Durmg Normal 
Operatmn of a J47-GE-25 Engme 

Fuel Ingestmn Tests at Crmse (7,038) RPM. 
Fuel m quantltles up to 3.100 lb /hr (0 0087 lb fuel/lb.alr) was sprayed mtc the 

prxnary-azr Inlet of the J47 engme The data obtamed from the fuel IngestIon tests with the 
throttle untlally set at cruse rpm are presented m Tables IX and IX-A GraphIcal presen- 
tatlons of the effects of mgestmg sprayed fuel mto the J47 engme air Inlet on rpm. exhaust 
gas temperature, engme fuel consumptmn, compressor-stage pressures, wbratmn, and 
engme temperatures are shown m Figs 41 to 49. rncluslve Engme failure occurred in Test 
No 19 when the compressor stalled The failure was accompamed by two loud explcs~ons 
whxh were detected by operatmg personnel m the engme control room When this occurred, 
all fuel to the engme and Inlet was xmmedlately shut off Smoke followed the explosmn and 
as a precautionary measure, the test cell was closed and flooded with CO2 The results 
shown m Fzgs 41 and 42 mdlcated that the speed and exhaust gas temperature dtd not 
exceed the 100 per cent condxtmn The speed mcreased from 7,038 rpm to over 7,322 rpm 
whtle the exhaust gas temperature Increased from 758’ F to 973’ F when falure occurred 
The faxlure occurred wIthout advance warmng by a sudden change m temperature. pressure, 
or vlbratron 



Teat 
No 

1 
2 
3 
4 

2 
7 

9” 
10 
11 
12 
13 
14 
15 
16 
17 
10 
19 

TABLE IX 

FUEL INGESTION DATA FOR CRUISE (7038)’ RPM THROTTLE SETTING 
(Engme J47-GE-25) (Fuel W-4) 

Engme Speed 
Actual Corrected’ 
(v=) (=pm) 

7060 7141 
6990 7070 
7020 7100 
7000 7080 
7010 7090 
6990 7164 
7040 7215 
7030 7205 
7060 7236 
7050 7225 
7050 7256 
7070 7276 
7090 7297 
7100 7307 
7100 7307 
7100 7281 
7120 7301 
7140 7322 

2‘ * 

6960 7038 700 

Exhaust Gas 
Temperature 

Actual Corrected’ 
(OF.) C-F.) 

775 807 
765 790 
765 798 
760 793 
765 798 
750 813 
760 823 
760 823 
760 823 
760 823 
760 834 
775 850 
790 066 
010 000 
815 893 
055 926 
890 963 
925 999 
900 973 

NORMAL ‘PERATINC DATA 
758 0 3620 

630 

Fuel Flow 
A,r ,n1et 

3200 

(‘b/h=) $fE; 

168 3440 

702 

306 

3200 

3320 
456 3320 

948 3130 
,170 3100 
1344 3020 
1578 2960 
1698 2060 
,740 2900 
le.60 2840 
2064 2710 
2328 2600 
2352 2530 
2640 2475 
2772 2420 
2856 2320 
3100 * 

‘“let ‘“let Ingestlo” 
AlI- Flow Mixture TlI”C 
(lb/se=) (lb fuel/lb air) (set) 

89 1 0020 37 

00 

89 

0 

1 

0005 

0022 

48 
89 1 

90 

0010 

2 

52 
89 

0029 

1 

;; 

0014 42 

90 4 0036 35 
90 4 004, 61 
89 9 0049 30 
89 4 0053 40 
91 6 0053 42 
91 8 0056 42 
92 5 0062 34 
93 9 0069 28 
93 9 0070 36 
91 5 0000 32 
91 5 0084 31 
91 7 0087 30 

* * 21 

91 6 0 
*Compressor falled on this test 
1 All correctvans for rpm and exhaust gas temperature were made m accordance with U S ALL Force T 0 ZJ-Jl-LO for 
standard dry sea-level condrtmns 

NOTE See Fig 0 for Iocatmns of thermocouple, pressure, and vtbratmn p~kups 



Test 
NO Tl 

1 45 
2 45 
3 45 
4 45 

: 45 40 
7 40 

9” 40 40 
IO 40 
11 30 
12 30 
I3 30 
14 30 
15 30 
16 30 
17 30 
I8 30 
19* 30 

T2 

775 
765 
765 
760 
765 
750 
760 
760 
760 
760 
760 
775 
790 
810 
815 
855 
890 
925 
900 

700 305 325 

TABLE IX-A 

FUEL INGESTION DATA FOR CRUISE (7038)’ RPM THROTTLE SETTING 
(Engme J47-GE-25) (Fuel JP-4) 

Temperature at Thermocouples (‘F.) 
T3 T4 T5 T6 T7 T8 

345 360 X 350 310 365 
345 360 X 350 310 365 
345 360 X 350 310 365 
345 360 X 350 310 365 
345 360 X 350 310 365 
330 350 x 350 300 350 
330 350 X 350 300 350 
330 350 X 350 300 350 
330 350 X 350 300 360 
330 350 x 350 300 360 
315 275 330 340 290 350 
315 275 330 340 290 350 
315 275 330 340 290 350 
315 275 330 340 310 350 
315 275 330 340 310 350 
315 275 330 340 350 350 
325 275 340 350 325 350 
325 275 345 355 310 360 
325 300 355 360 310 370 

NORMAL OPERATING CONDITIONS 
295 340 300 350 325 

T9 

350 
350 
350 
350 
350 
340 
350 
350 
350 
350 
335 
335 
335 
335 
335 
350 
360 
410 
540 

Total Vtbratmn 
Pressure Amphtude 

PI P2 Vl v2 
(1” hg ) (ma) 

30 0 78 0 0 48 0 34 
30 0 76 0 0 52 0 37 
30 0 76 0 0 52 0 33 
30 0 76 0 
30 0 76 0 
30 0 78 0 
30 0 78 0 
30 0 78 0 
30 0 70 0 
30 0 78.0 
30 0 78 0 
30 0 7.9 0 
30 0 70 0 
30 0 70 0 
30 0 78 0 
30 0 78 0 
30 0 7a 0 
30 0 70 0 

* * 

31 0 88 0 

0 53 0 33 
0 55 0 34 
0 57 0 37 
0 57 0 35 
0 59 0 41 
0 57 0 42 
0 54 0 40 
0 56 0 40 
0 60 0 50 
0 60 0 45 
0 60 0 45 
o 60 0 45 
0 50 0 40 
0 60 0 40 
0 64 0 40 
0 65 0 40 

0 66 0 54 

X - instrument moperatlve 

*Compressor falled on this test 
1 All cOrrectvans for rpm and exhaust gas temperature were made m acwrdance with U S Air Force T 0 2J-Jl-10 for 
standard dry sea-level condltmns 
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Fig 42 Graph Showlug Effect on Exhaust Gas Temperature of Ingestrng 
Sprayed Fuel Into the Air Inlet of a J47-GE-25 Engme 

i 

Fxg 43 Graph Showmg Effect on Temperatures of Ingestrng Sprayed Fuel 
Into the Air Inlet of a J47-GE-25 Engrne 
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F% 44 Graph Showmg Effect on Fuel Consumptmn of Ingestrng 
Fuel Into the AI= Inlet of a J47-GE-25 Engme 

Sprayed 

Fig 45 Graph Showmg Effect on Compressor Pressures of Ingestmg 
Sprayed Fuel Into the AI= Inlet of a J47-GE-25 Engme 



Fig 46 Graph Sholvmg Effect on Vlbratmn of Ingestmg Sprayed Fuel 
mto the Axr Inlet of a J47-GE-25 Engme 

Fxg 47 Graph Shdwmg Effect of Ingesting Sprayed Fuel mto the Air Inlet 
of a J47-GE-25 Engme on Engme Temperatures - Throttle Setting 
for Cruise (7,038 rpm) 
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Fig 48 Graph Showmg Effect of Ingestmg Sprayed Fuel mtc the AI= Inlet 
of a J47-GE-25 Engme on Engine Temperatures - Throttle Settmg 
of Cruise (7.038 rpm) 

Damage to the engme components resulhng from fuel mgestmn tests conducted at 
cruise rpm throttle settmg 1s shown m Figs 50 to 56, mcluslve The followmg LS noted m 
connectmn wzth the failure 

1 Damage occurred m the compressor sectmn In the first four stages of compression. 
A view of the damage prmr to engme disassembly 1s shown m Fig 50 The fazlure appeared 
to start I” the f,rst stage of compressmn where the stator and rotor blades mterfered under 
load, the load bemg created by the fuel entermg the ml& 

2 Deformatmn of the bullet nose accessory covermg ir; shown m Fig 51 This was 
probably caused by the compressor stall 

3 Damages to the compressor stator and rotor are shown m Figs 52 and 53 The 
hrst-stage stator blades were deformed and the second- and third-stage stator blades 
were completely sheared away 

4 The first four stages of blades in the compressor-rotor assembly were deformed 
with several of the blades tarn out at the roots This type of damage 1s lndlcatlve of a 
compressor stall 

5 Foreign metal particles were found m the burner cans and transltmn hners These 
particles are shown m Figs 54, 55, and 56 

6 The burner and exhaust sectvans were not damaged from the fuel mgestmn tests 

Fuel Ingestmn Tests at 100 Per Cent (8.018) RPM. 
The data recorded from mgestmg sprayed fuel Into the air Lnlet of the J47 engme 

wvlth the throttle set at 100 per cent rpm are presented m Tables X and X-A These data 
mdlcated that the rpm and exhaust gas temperatures mcreased slightly as the amonnt of fuel 
released znto the engrne mlet Increased GraphIcal presentatmns of the effects of mgestmg 
sprayed fuel Into the engme Inlet on rpm, exhaust gas temperature. fuel consumptmn. 
compressor-stage pressure, vlbratmn. and engme temperatures are shown m Figs 41 to 
46, ,nclus,ve, and 57 and 58 

An mspectmn of the engme after the fuel mgestmn tests at 100 per cent rpm mdlcated 
no apparent damage to the engme These tests were concluded mrth Test No 15 m order to 
obtam a maxxn~m amount of data on each test condltmn before a fallure occurred Testmg 
was completed when failure occurred on the cruse rpm tests 
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Fq 49 Graph Showmg Effect of Ingestmg Sprayed Fuel n,to the Air Inlet 
of a J47-GE-25 Engme on Engme Temperatures - Throttle 
Settmg for Crust (7,038 rpm) 

Fig 50 Damage to Compressor Section From Fuel lngestmn 
Engme J47-GE-25 - Throttle Settmg for Crmse (7,038 rpm) 



Fig 51 Damage to Bullet Nose Accessory Cover From Fuel Ingestmn 
Engme 347-GE-25 - Throttle Settmg for Cruise (7.038 rpm) 

F,g 52 Damage to Compressor Stator From Fuel Ingestvan 
Engme J47-GE-25 - Throttle Settmg for Cruse (7,038 rpm) 
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F% 53 Damage to Compressor Rotor Assembly From Fuel Ingestmn 
Engnle J47-GE-25 - Throttle Settmg for Crmse (7,038 rpm) 

F ‘,g 54 Fareqn Metal Particles III Burner Can No 5 Caused by a 
Compressor Fadure Durmg Fuel Ingestmn Tests 
Ellgl”e J47-GE-25 - Throttle Settmg for Crume (7,038 rpm) 



Fig 55 Foreqn Metal Particles I” Transxt~on L,ners No 5 and No 6 
Caused by a Compressor Fatlure Durmg Fuel Inpestmn Tet ;ts 
Engine J47-GE-25 - Throttle settmg for Cru,se (7,038 rpr n) 

Fig 56 Foreqn Metal Particles in Transition Lmers No 2 and No 
Caused by a Compressor Failure Durmg Fuel Ingestmn Te! 
EngnE J47-GE-25 - Throttle Settmg for Cruse (7,038 rpl 

3 
;ts 
n) 



Temperature 
Actual Correctedl 
(‘F 1 (‘F ) 

960 ,021 
970 1030 
975 1035 
965 ,025 
960 10.21 
950 ,009 
970 ,030 
970 1030 
980 1040 

1000 1061 
,020 ,110 
,020 1110 
,045 1137 
1055 1147 
,075 1169 

198 5100 
354 5080 
552 5040 
756 4940 
930 4800 

1170 4600 
,380 4460 
,548 4320 
1716 4240 
1950 4200 
2004 4140 
2160 4140 
2400 4000 
2520 3900 
2760 3.820 

910 986 0 5LOO 

99 7 
98 a 
99 7 
99 7 

100 8 
100 8 
100 B 
101 2 
100 a 
101 2 
101 2 
10, 5 
101 5 
101 7 
IO, 7 

0006 37 
0010 30 
0015 34 
002, 38 
0026 31 
0032 27 

30 0038 
0042 
0047 
0054 
0055 
0059 
0066 
0069 
0075 

32 
28 
32 



1 40 
? 40 
3 40 
4 40 
3 40 

Y 40 40 
8 40 
9 40 

10 40 
I1 25 
12 25 
13 25 
14 25 
15 25 

LO 

FUEL INCEbT1ON DATA FOR TAKEtiFF (8038)l RPM THROTTLE SETTING 
(Engmc J47-GE-25) (Fuel JP-4) 

10’1 
,030 
1035 
,025 
1021 
1009 
1030 
1030 
,040 
IO61 
1110 
,110 
1137 
1147 
1169 

910 

x - Initrumrn, Inoprrahve 

l3 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
375 
380 
385 
385 
400 

400 

T4 

430 
430 
440 
425 
425 
425 
425 
430 
430 
425 
325 
325 
325 
325 
325 

405 385 420 375 445 415 31 0 106 0 0 95 0 45 

=5 

x 
x 
x 
X 
x 
x 
x 
x 
x 
X 

400 
400 
400 

420 

‘7 

425 
425 
425 
425 
425 
425 
425 
425 
425 
425 
420 
420 
420 
420 
440 

375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
365 
365 
375 

400 

‘Ta 

450 
450 
450 
450 
450 
450 
450 
450 
450 
450 
440 
440 
445 
445 
450 

T9 

425 
425 
425 
425 
425 
425 
425 
425 
425 
425 
420 
420 
420 
455 
475 

NORMAL OPERATING CONDITIONS 

30 0 98 0 
30 0 100 0 
30 0 100 0 
30 0 LOO 0 
30 0 100 0 
30 0 100 0 
30 0 100 0 
30 0 100 0 0 85 0 32 
30 0 100 0 0 99 0 45 
30 0 100 0 1 05 0 5c 
30 0 100 0 I 10 0 50 
30 0 100 0 1 05 0 55 
30 0 100 0 1 05 0 55 

Vlbratlon 
Amplitude 

VI V2 
(rnll.) 

0 aa 0 44 
0 96 0 45 
0 99 0 44 
I 02 0 45 
1 08 0 47 
1 06 0 47 
0 99 0 47 
1 02 0 46 
1 04 0 46 2 



Fig 57 Graph Showmg Effect of Ingestmg Sprayed Fuel mto the AI= Inlet 
of a J47-GE-25 Engme on Engme Temperatures - Throttle Settmg 
for Takeoff (8,018 rpm) 

CONCLUSIONS (J47-GE-25) 

1 The results md,cated that fa,lure would result from a compressor stall or from an 
explosmn rather than by overheatmg of engxne components ,n the burner or exhaust sectrons 

2 Changes in engme vlbratmn, pressure, and exhaust gas temperatures were not 
suffxlent to md,cate abnormal cperatmn or mpendmg fa,lure 

3 It 1s not likely that the J47 engme ~111 fall as a result of sprayed fuel mgestmn mto the 
Inlet u, mmtures of less than 0 075 lb fuel/lb air for a short tune permd of less than one 
m mute 

4 The J47-GE-25 engme fuel control lnmlted the rpm and exhaust gas temperatures and 
prevented damage to the burner and exhaust sectmns 

5 Warnmg of mpendmg failure from fuel mgestmn could not be detected by the 
mstrumentatmn used durrng the tests cm the J-47 engme 

58 Graph Showmg Effect of Ingestmg Sprayed Fuel mto the Air Inlet 
of a ,47&E-25 Engme an Engme Temperatures - Throttle Setting 
for Takeoff (8,018 ‘pm) 


