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AN INVESTIGATION OF TEMPERATURE CONDITIONS
IN THE PROXIMITY OF JET AIRCRAFT EXHAUST SYSTEM FAILURES

SUMMARY

The incresse in ambient temperature and rete of temperature in-
crease resulting from the escape of engine exhaust gases through simulated
crack type of fallures in the tail cone and tail pipe of one of the J-35
Jet engines in an ¥XB-U45 nacelle were measured. Test results indicated that
guch failures as were simulated would not result in serious or immediate
demage to the nacelle structure, The increase i1n ambient temperature and
rete of incremse resulting from such failures were found to be highly local-
ized to the immediate vicinity of the failure. The detection of such
fallures, by the use of exiating unit type aircraft fire or overheat detector
systems, was consldered to be impractical because of the large number of
units which would be required to cover the potentlal erecas of failure.

INTRQDUCTION

Cracks in tail cones and tail pipes have occurred ain B-45-Al air-
craft with no warning being provided by the fire detector systems. C(ircum-
fercntial eracks heve occurred in the teil cone exhaust assembly, Part No.
0469856, adjacent to the mounting flange of the engine at the 4, 6, 8, and
10 o'clock positions of the cone assemblies. A erack also occurred in a
pipe assembly-engine exhaust L. H, Stock No. lhT-h0-205-1, at the 12 o'clock
position. This crack was in the form of a tee, the leg of which extended
rearward epproximately 12 lnches and the crossbar of which was 10 inches long.
This rupture was located approximately 3 1/2 feet aft of the union of the
tall pipe and the engine tail cone assembly.

At the request of the Department of the Air Force, the Technical
Development and EBvaluation Center conducted tests in which actual cracks
vwere gimulated es closely as possible by openings made in the taill cone and
tail pipe with a grinding wheel.

PURPOSE

The purposec of the tests conducted was (1) to determine the meximum
temperatures and rates of temperature increzse thet may occur in the aft
section of an XB-LU5-Al airplone power plent as a result of cracks in an
engine tail cone or tail pipe and (2) to obtaln information on fire or over-
heet detector system requirementes for detecting such failures,



DESCRIPTION OF TESTS

Tail cone cracks wcre simulated by an opening mede in the tail cone,
5 inches back of the flonged joint between the teil cone and engine turbinc
scction., This opening was first made 4 inches in length and 1/32 of an 1inch
1n width, See Fig. 1, Later this opening was enlargced to 3/32 of an inch 1in
width, Fig. 2, and finally to 5/32 of an inch in width and 9 inches 1in length,
Fig., 3. The crack in the tail pipe agssembly was simulated by on opening
mzde in the tril pipe i1n the form of a2 tee, the same length as the actual
fralure, and 5/32 of an inch in wadth., Sce Fig. 4. Locotions of the
simulaeted exhzust system ¢racks are shown in Fig. 5.

Four thermocouples were installed %0 detcrmine the temperaturs
condition near the opering in the tail enne. The fairat was located adjacent
to the opening, the second was 4 inches aft, the third was 8 inches aft,
and the fourth weas 12 inches aft of the opening. Thermoeccuples 1nstolled
near the tee opening in the teil pipe were placed with the first thermocouple
adjacent to the bnttom end of the tee, and the others were placed in the same
order as thoge for the tail cone.

Normal embient air temperatures and normel rates of temperature
ri3e at the tail cone and tail pipe were recorded before the openings were
maede, After meking the openings, maximum temperatures end the rates of
temperature rise were recorded during tests simulating ground corndltions,
Only maximum temperatures were recorded during tests simuleting flight
conditions, Ground conditions consisted of starting, warm up, and simulated
taxy run. Flight cenditions were simulated by supplying ram alr at six
inches Hg pressure to the engine air intakes.

RESULTS AND DISCUSSION
Test results are shown in Tablea I, II, IIT, and IV.
TABLE I

Effect of Tall Cone Cracks on Meximum Ambient Temperatures
Developed in the Vicinity of the Tall Cone During Engine Starting

Thermocouple Maximum Recorded Temperature (°F)
Locations o Crack L in. x l/32-1n. (rack 4 in. x 3/32-in. Crack

Ad jacent to crack

in teil cone 300 500 610
4 in, aft
of crack 300 L60 515
8 1n. aft
of ereck 300 375 320
12 in, aft

of crack 300 330 310
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TABLE II

Effect of Tail Cone Cracks on Maximum Rate of Temperature Rise
Occurring in the Vicinity of the Teil Cone During Engine Starting

Thermocouple Maximum Rate of Temperature Rise (°F/sec.)
Locations No Crack I in. x l/32-in. Crack U4 in. x 3/32-1n. Crack

Ad jacent to crack

in teil cone 2.5 7.5 11.5
Y in, aft

of crack 2.5 6.5 10.0
8 in, aft

of crack 2.5 4.5 5.0
12 1n, aft

of crack 2.5 3.8 2.5

TABLE ITI

Effect of Tail Cone (racks oa Maximum Ambient Temperatures
Developed 1in Vicinity of Tei1l Cone During Simulated Fiight Conditions

Thermocouple Maximum Recorded Temperaturs (°F)
Locations No Crack k& in, x 3/32-in. Crack 9 in, x 5/32-2n. Creck

Adjacent to erack

in tail cone 315 680 700
4 1in, aft

of crack 315 470 575
8 in. aft

of crack 315 400 345
12 in, eft

of crack 315 380 315



TAELE IV

Effect of Tail Pipe Crack on Maximum Temperature and Temperature Rise
Oceurring 1n the Vicinity of the Tail Pipe During Engine Starting and
Simulated Flight Condationa

During Engine Starting Flight Conditicna
Max, Rate of
Thermocouple Mex. Temp. (°F) Temp. Rise (°F/sec) Max, Temp. (°F)
Locations No Crack Tee Crack* No Crack Tee Crack No Crack Tee Crack

Adjacent to

bottom of

tee crack

in teil

plpe 250 &25 2.5 18.0 265 770
L in, aft

of pottom

of tee

crack 250 750 2.5 1k.6 265 730
8 in. aft

of bottom

of tee

crack 250 510
12 in. aft

of botton

of tee
crack 250 455 2,5 265 el

12.5 265 700

N
\n

*¥Dimensions of tee crack was 10 in, by 12 in. by 5/32 in.
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The following 18 noted from the tables:

1. Simulated cracks in the tall cone and tail pipe caused exhaust
gas leakage which increased the temperature i1n the immediate vicimity of the
cracks and increased the normal rate of temperature rise at these locatiomns
during engine starting and during simulated flight operations. The maximum
recorded temperature at a tail cone crack was 700°F. The maximum recorded
temperature at the tail pipe crack was 825°F, and the maximum recorded rate
of temperature rise at a tail cone crack was 11.5°F per second. The maximum
recorded rate of tempereture rige at the tall pipe crack was 18’ F per second,

2. Any ebnormally high temperatures and accelerated rate of
temperature rise were highly localized to the immediate vicinity of the
crocks, At a distance of one foot from the largest tail cone crack, the
maximum recorded temperature was 380°F (65°F above normal), The maximum
recorded temperature at a distance of one foot from the tail pipe crack was
L90°F (225°F above normal). The maximum recorded rate of temperature rise at
a distance of one foot from cracks in the tei1l cone was only slightly greater
than normal. The maximum recorded rate of temperature rise at a distance
of eight inches from the c¢rack in the tail pipe was 12.5°F per second as
compared with a normal rete of rise of 2,5°F per second at this location,

3. An 1ncreese 1n the width and length of tail cone cracks resulted
in 1ncrecsed temperatures and rates of temperature rise in the vicinity of
the crack opening.

CONCLUSIONS

From tne tests conductcd, 1t 1s concluded that ambient temperatures
resulting from exhaust gas leakage through relatively large cracks in the
engine tai1l cone and tail pipe are not of sufficient magnitude as to con-
gtitute an immediately hezardous condition Fatigue cracks 1n these areas
should be readily noticeable before the area of leakage 18 great enough to
constitute a hazard.

It 13 further concluded that it 18 impractical to use unit type
overheat or rate of rise detectors for detection of erack failures like those
gimulated in the tests, since it would be necessary for adequate coverage to
space detector units lees tharn one foot apart 1n the area of the nacelle
ed jacent to teil cones and teil pipes.
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FIG 5 LOCATIONS OF SIMULATED FAILURES (AFT COMPARTMENT, XB-45 NACELLE)



