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SUMMARY 

The results of an investigat~on to determ~ne the characteristics of 
steady-state temperature distortion w~th a high-bypass-ratio turbofan engine 
are reported herein. Flow angle, static and total pressure, and total tempera­
ture were measured between a rotatable hydrogen-fueled burner and the fan 
inlet. Fan and compressor character~stics were determined by measuring stat~c 
and total pressure and total temperature at the fan ex~t and at the compressor 
~nlet and ex~t. Static pressure measurements were also made in the passage 
upstream of the compressor inlet and at each stator stage inside the 
compressor. 

The hydrogen burner, capable of ±30° rotation from top dead center, pro­
duced the "various total temperature distortion intensities and orientations. 
Experiments were conducted with fan speeds (corrected to the undistorted tem­
perature sectors at station 1) of 80 and 90 percent of rated (i.e., 7005 rpm) 
and Reynolds number indices of 0.3 and 0.5. Two temperatures distortion 
extents of 90° and 180° were evaluated. 

Free-stream yaw flow angle increased between burner discharge and the fan 
inlet. The largest variation occurred in the hub region. Yaw flow angle did 
not vary with changes in corrected fan speed or Reynolds number index. 
Increasing the temperature distortion extent from 90° to 180° slightly 
increased yaw flow angle amplitude (by 1.6°). 

Along the inlet duct wall the magnitude of the static pressure d~stort~on 
increased exponentially as the flow approached the engine inlet. The total and 
stat~c pressure profiles at the engine inlet and the compressor exit were flat, 
~ndicating that temperature distortion at these locations had no effect. The 
total temperature profile at the engine inlet was a square wave; it became 
sinusoidal at the compressor exit but remained the same intensity. Th~s 
indicated that temperature distortion was not attenuated throughout the fan and 
compressor. Static pressure distortion increased through the first three 
stages of the compressor and remained constant at 10.5 percent unt~l the ninth 
stage. The distortion then decreased through the remainder of the compressor 
to a level of 2.5 percent at the thirteenth stator stage. 



INTRODUCTION 

Analytical effort has been directed toward the development of low-bypass­
ratio turbofan compressor models (refs. 1 to 3). Va11dat10n of these models 
requ1red accurate measurement of the flow f1eld at the eng1ne 1nlet and 
throughout the compress10n system 1n the presence of temperature d1stort10n and 
comb1ned temperature and pressure d1stort10n. low-bypass-rat10 engine inves­
tigations dealing with such distortions at the engine inlet are reported in 
references 4 to 8. 

This 1nvest1gat10n experimentally evaluated the effects of temperature 
distortions of different extents and intensities on a h1gh-bypass-rat10 turbo­
fan engine. The effect of 1nlet pressure distortion on the same turbofan 
engine is presented in reference 9. The experimental data base obtained from 
these 1nvestigat10ns w1ll be used for model verification. 

To evaluate inlet temperature distortion effects, total pressure, static 
pressure, and total temperature were surveyed at the engine inlet, the fan 
exit, and the compressor inlet and exit. Free-stream yaw flow angles were 
measured at two axial stat10ns between the hydrogen burner and the fan inlet. 
Boundary-layer flow angles were also measured at the engine inlet. Static 
pressures were measured along the 1nlet duct wall to determine the level of 
inlet stat1c pressure distortion. The expected static pressure variation 
upstream of an engine inlet 1s discussed in reference 10. Additional static 
pressure measurements were made at each of 13 stator stages inside the ax1al­
flow compressor. Data are presented for two corrected fan speeds of 80 and 90 
percent of rated condition (7005 rpm) at Reynolds number indices (RNI) of 0.3 
and 0.5 (based on the und1storted sectors at the inlet flow measurement sta­
t10n). Total temperature d1stort10n levels of 9.75 percent with 90°-extent 
distortion and 10.5 percent with 180°-extent distortion at the engine inlet 
were investigated. 

SYMBOLS 

NFR2 fan speed corrected to station 2 test conditions, NF/~' rpm 

P pressure, Pa 

PNFR2 fan speed corrected to station 2 test conditions as a percent of 
7005 rpm 

RNI . Reynolds number index, 6/(lJ/lJsls) Va 
rm mean radius of inlet duct, 0.56 m 

T temperature, K 

U tangential velocity, m/s 

V axial velocity, m/s 

x axial length, m 

B yaw angle, deg 
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~ max1mum-m1n1mum d1fference 

& rat10 of total pressure to standard sea-level static pressure 

e ratio of total temperature to standard sea-level stat1c temperature 

p absolute viscosity, kg/(m s) 

Subscripts: 

av average 

max max1mum 

m1n min1mum 

s static condition 

sls standard sea-level static condition 

T total condition 

Stations: 

1 airflow measurement station, located 126.64 cm upstream of engine inlet 

lB yaw measurement station, located 57.62 cm upstream of engine inlet 

1C end of static pressure taps along inlet duct wall, located 56.49 cm 
upstream of engine inlet 

2 fan inlet pressure, temperature, and flow angle measurements, located 
14.96 cm upstream of engine inlet 

2A start of static pressure taps along inlet duct wall, located 3.81 cm 
upstream of engine inlet 

2C compressor inlet: outer wall of passage located 57.91 cm downstream 
of engine inlet; inner wall of passage located 55.93 cm downstream of 
engine inlet 

20 first-stage compressor stators 

2E second-stage compressor stators 

2F third-stage compressor stators 

2G fourth-stage compressor stators 

2H fifth-stage compressor stators 

21 sixth-stage compressor stators 

2J seventh-stage compressor stators 
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2K eighth-stage compressor stators 

2L ninth-stage compressor stators 

2M tenth-stage compressor stators 

2N eleventh-stage compressor stators 

2P twelfth-stage compressor stators 

2R thirteenth-stage compressor stators 

2.4 fan exit, located 30.80 cm downstream of engine inlet 

2.5 inlet to gooseneck passage: outer wall of passage located 40.30 cm 
downstream of engine inlet; inner wall of passage located 37.25 cm 
downstream of engine inlet 

2.6 gooseneck passage: outer wall of passage located 46.88 cm downstream 
of engine inlet; inner wall of passage located 43.42 cm downstream of 
engine inlet 

2.7 gooseneck passage: outer wall of passage located 46.88 cm downstream 
of engine inlet; inner wall of passage located 43.42 cm downstream of 
engine inlet 

3 compressor exit, located 121.23 cm downstream of engine inlet 

APPARATUS 
Engine 

The engine used for this investigation was a YTF34 h1gh-bypass-rat10 
(6.23) turbofan engine. A single-stage fan, with a compression ratio of 1.51, 
was driven by a four-stage low-pressure turbine. The 14-stage axial-flow com­
pressor with a compression ratio of 14.5 was driven by a two-stage, air-cooled 
high-pressure turbine. The engine was installed in an altitude test chamber 
(fig. 1). An engine schematic and instrumentation station diagrams of the 
region upstream of the engine inlet, the fan exit, the compressor inlet, the 
1nterstage, and the compressor exit are shown in figure 2. 

Distortion Dev1c~ 

A gaseous hydrogen burner used to produce steady-state temperature dis­
tortion at the engine inlet was installed upstream of the inlet duct be11mouth 
(fig. 3). The burner was capable of ±30° rotation from the center position and 
was divided into four individually controlled quadrants. Air passing through 
the burner was heated in selected 90° sectors. Each 90° burner sector con­
tained six swirl-can pilot burners to provide the ignition source for the 
hydrogen. Also each 90° sector contained six annular gutters supported by one 
radial gutter and six circular tube manifolds (one inside each annular gutter) 
with small holes for hydrogen injection. A hydrogen manifold located outside 
the burner was connected to the six circular tube manifolds in each 90° sector 
by tubing and a flow-control valve. Hydrogen was supplied to the manifold by 
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add1t10nal tub1ng and a ma1n flow-control valve. The burner was located 
3.81 m (150 1n) upstream of the engine inlet. 

Instrumentat10n 

Inlet duct and engine instrumentation is outlined schematically in 
figures 2 and 4 to 6. Total and static pressures were recorded by using 
Scan1valves. These measurements included pressure levels at the a1rflow­
measuring station in the inlet duct (station 1; fig. 2); at the upstream flow­
angle-measur1ng station (station lB); along the inlet duct; and at the fan 
1nlet, the fan exit, the compressor 1nlet, the 1nterstage, and the compressor 
exit. Temperatures were measured at each station by using Chromel-Alumel 
thermocouples except at the fan duct (station 2.4), where copper-constantan 
thermocouples were used. All thermocouples were referenced to a 339 K (610 OR) 
oven, and Mach number recovery corrections were applied as discussed in 
reference 11. 

The details of the free-stream and boundary-layer rakes for measuring yaw 
flow angles are shown in figures 5 and 6. Yaw angle is positive when the 
tangential flow component is in the direction of fan rotation (velocity tri­
angle in figs. 5 and 6). A flow-angle-measuring rake was also located at sta­
tion lB. Flow angle probes were calibrated for a range of ±30° at the same 
free-stream Mach numbers encountered during engine experiments. The estimated 
error is ±1/2°. Additional information on flow angle probes can be found in 
reference 12. 

Procedure 

The hydrogen burner was used to produce steady-state temperature distor­
tion at the engine inlet. A typical lBOO-extent temperature distortion pat­
tern was generated by igniting two adjacent hydrogen burner quadrants and 
increasing gaseous hydrogen flow until a predetermined average temperature of 
319 K (575 OR) was achieved at the fan inlet. The circumferential profiles 
were generated by rotating the pattern past the instrumentation in 12 steps, 
with four sequential pairs of quadrants at each ±30° and 00 burner position. 
The same procedure was used for the 90 0 -extent temperature distortion tests. 
The average temperature over the distorted sector for these tests was also 
319 K (575 OR). All pressure and temperature data were normalized to upstream 
plenum pressure and temperature to compensate for minor run-to-run variations. 

For each static tap along the inlet duct wall (fig. 4), the maximum and 
minimum static pressures were identified for the profile generated by the test 
series of 12 data points. The difference between the maximum and minimum 
readings was normalized to a similar difference in the static pressure taps 
nearest the engine inlet (station 2A. fig. 4) and presented as a relative 
static pressure distortion level. 

A consistent Reynolds number index (RNI) was achieved by maintaining 
approximately a 289 K (520 OR) total temperature in the undistorted sectors of 
the burner and adjusting inlet total pressure to obtain values of 0.30 or 0.50 
at station 1. Fan mechanical speed was adjusted during steady-state tempera­
ture distortion investigations in order that corrected fan speed based on the 
undistorted burner sectors would result in speeds of 80 and 90 percent of rated 
(7005 rpm). 
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RESULTS 

The effects of steady-state temperature d1stort10n were 1nvest1gated for 
90°_ and 180°-extent temperature d1stort10ns of 9.75- and 10.5-percent magni­
tude, respect1vely. The Reynolds number 1ndex at stat10n 1 was mainta1ned at 
0.3 and 0.5 for corrected, und1storted fan speeds of 80 and 90 percent of rated 
cond1tion. The effects of steady-state temperature d1stort10n or1entat10n on 
inlet flow angle, inlet duct static pressure var1ation, and fan and compressor 
performance are presented. 

Yaw Flow Angle 

Clean 1nlet. - The und1storted, stream11ne yaw flow angles 57.62 cm 
upstream of the engine inlet (stat10n 16) var1ed from _1.6° at the hub reg10n 
to _2.5° at the t1p reg10n (f1g. 7). The free-stream yaw flow angle at the fan 
1nlet (stat10n 2) var1ed from +0.1° at the hub to _2.8° at the t1p reg10n 
(f1g. 8(a». The t1p, boundary-layer yaw flow angle at stat10n 2 rema1ned 
constant at +0.8° (f1g. 8(b». 

Effect of d1stort10n extent. - Yaw flow angle data were obta1ned at sta­
t10ns 16 and 2 at 90-percent corrected fan speed and 180°-extent temperature 
distortion w1th RNI equal to 0.5. At station 16 the yaw flow angle var1ed with 
relat1ve c1rcumferent1al pos1t1on w1th1n a narrow data band of +0.2° to -0.7° 
(fig. 9). Th1s nearly constant yaw flow angle at station 16 indicates that 
there are no cross flows of burned hydrogen gas at the burner exit. 

At station 2 the largest var1at10n in free-stream yaw flow angle occurred 
1n the hub reg10n (f1g. 10(c». The amplitude of the hub yaw flow angle at the 
fan 1nlet was ~ 2°. Compar1ng th1s result w1th that presented 1n reference 9 
shows that pressure d1stort10n has a much greater effect on yaw flow angle 
variation than does temperature d1stortion. The magnitude of total temperature 
d1stort10n at stat10n 2 1s def1ned as 

T - T T,max T,m1n ( 1 ) 
T T,av 

The maximum and minimum values in this expression refer to rake-average values. 
The average temperature term refers to a face-average value. 

Temperature distortion extent did influence the circumferent1al d1str1bu­
t10n and the peak-to-peak magn1tude of the yaw flow angle at station 2 
(f1g. 11). For 90° and 180° d1stort10n extents the largest peak-to~peak hub 
yaw flow angles were 1.9° and 3.5°, respect1yely. There was no not1ceable 
d1fference 1n peak-to-peak amp11tude between free-stream t1p and boundary-layer 
t1p regions (f1gs. ll(a) and (d». 

Effects of speed and Reynolds number 1ndex. - The two corrected fan speeds 
and two Reynolds number 1ndices 1nvest1gated had no effect on 1nlet free-stream 
yaw flow angle variat10n (f1gs. 12 and 13). The largest variat10n occurred 1n 
the hub reg10n, and the amp11tudes in the free-stream tip region and the 
boundary-layer reg10n were s1m1lar. These data were recorded with 180°-extent, 
10.5-percent temperature d1stort10n at the fan inlet (stat1on 2). 
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Stat~c Pressure o~stort~on 

Stat~c pressure d~stort~on change along the ~nlet duct wall from stat~ons 
lB to 2A (f1g. 4) was ~nvest~gated as a funct~on of corrected fan speed, RNI, 
and temperature d~stort10n extent (f1gs. 14 to 16). The stat~c pressure d~s­
tort~on change developed ~n reference 10 and presented 1n references 6 and 7 
for a 10w-bypass-rat10 turbofan and 1n references 9 and 13 for a h1gh-bypass­
rat10 turbofan was found to be app11cable for th~s ~nvest~gat~on. The d~stor­
t~on change ~s def~ned as Ps,max - Ps m~n for each 10cat10n, norma11zed 
by Ps,max - Ps ,m1n at stat10n 2A or {~Ps)/(~Ps) . The theoret1cal curves 
presented 1n the f1gures can be mathemat1cally exB~essed as 

= exp (2) 

The data presented 1n f~gures 14 to 16 were obta~ned from stat1c pressure 
taps located at 235°. S1m1lar results were obta1ned from taps located at 55°. 
These data show that the relat1ve stat1c pressure distort10n does follow the 
exponential curve presented ~n reference 10. The norma11zed distance parameter 
x/rm 1s the ax~al distance d~v1ded by the mean radius of the 1nlet duct. 
The data d~verge from the exponent~al curve for x/rm> 0.76. Th~s d~ver­
gence can be attr~buted to the yaw angle rake (stat~on 1B) block1ng 1nlet flow. 
In add1t~on, the exponent~al relationship presented ~n equation (2) is based 
on a constant-area duct and fr~ctionless flow, ne~ther of which were present 
1n these exper1ments. The con~cal sp~nner mounted on the front of the eng1ne 
caused an area change to occur before the streaml~nes entered the fan ~nlet. 

Inlet Pressure and Temperature 

Profiles of the circumferent~al var~at~on of free-stream, rake-average 
total pressure at stat~ons lB and 2 (fig. 17(a» were flat. This indicates 
that total pressure distort~on d~d not occur along the ~nlet duct or at the fan 
~nlet. Prof~les of the c~rcumferent~al var~at~on of rake-average total tem­
perature at the a~rflow-measur~ng station (stat~on 1) and station 2 were square 
waves and showed l~ttle change 1n ampl~tude along the ~nlet duct (f~g. 17(b». 

The data presented 1n f1gures 17 to 29 were recorded w~th a 180°-extent 
temperature d~stort~on of 10.5 percent at the fan ~nlet (stat10n 2). The fan 
speed was 90 percent of rated (7005 rpm), and RNI 1n the und1storted sectors 
of stat~on 1 was mainta~ned at 0.5. These cond1t~ons preva~led unless other­
w~se noted. 

Prof~les of corrected fan speed and Reynolds number ~ndex (f1gs. 18 to 19) 
showed a square wave at the fan ~n1et and no change ~n amp1~tude with fan speed 
or RNI. The effect of d~stort10n extent on total temperature var~at~on at the 
fan ~nlet (f~g. 20) was to vary the relat~ve prof~le ampl~tude about the pro­
f~le average value for d~stort~on extents of 90° and 180°. The prof1le amp11-
tude var~ed from 0.975 to 1.075 for the former and from 0.95 to 1.055 for the 
latter. 
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Compression System Pressure and Temperature 

Effects of fan speed. - The effect of fan speed on normalized total pres­
sure, total temperature and static pressure profiles was determined at the fan 
exit (station 2.4), the compressor inlet (station 2C), and the compressor exit 
(station 3) (fig. 21). Changing corrected fan speed from 80 to qO percent of 
rated (7005 rpm) did not change the amplitude of these profile~ across the 
compression system. 

The total pressure distortion at station 2.4 was 3.5 percent. This level 
of total pressure distortion was produced in the fan by the temperature dis­
tortion. Total pressure distortion decreased from 3 percent at the compressor 
inlet (station 2C, fig. 21(d» to 2 percent at the compressor exit (station 3, 
fig. 21(g». The static pressure profiles were flat at the fan exit and at the 
compressor inlet and exit (figs. 21(b), (e), and (h». The uniformity of the 
static pressure profiles was due to the lack of walls or other means of gen­
erating or maintaining a static pressure gradient. 

Comparing the total temperature profiles at stations 2.4, 2C, and 3 
(figs. 21(c), (f), and (i» with the temperature profile at station 2 (fig. 18) 
revealed two important results. First, the 180°-extent temperature distortion 
present at the fan inlet (station 2) was maintained throughout the fan and 
compressor. Second, the fan and compressor temperature profiles shifted in the 
direct10n of engine rotation (clockwise) with respect to the station 2 profile. 
The profile shift at the fan exit (station 2.4) was 16.5°; at the compressor 
inlet (station 2C) it was 37.5°; and at the compressor exit (station 3) it was 
171°. The temperature profile rotation was the result of temperature passing 
through a fan or compressor along a particle path (a property of state). The 
temperature distortion magnitude defined by equation (1) was calculated to be 
10.5 percent at the fan inlet and remained at essentially that level through 
the fan and compressor. 

Effects of RNI. - The effect of RNI on normalized total pressure, total 
temperature, and static pressure profiles was determined at the fan exit 
(station 2.4), the compressor inlet (station 2C)Q and the compressor exit 
(station 3) (fig. 22). Changing RNI at the engine inlet from 0.3 to 0.5 had 
no effect on the amplitude of these profiles across the compression system. 

At all three stations (figs. 22(a), (d), and (g» the total pressure dis­
tortion decreased from 3.5 percent at the fan exit to 2 percent at the compres­
sor exit. The static pressure profiles (figs. 22(b), (e), and (h» were 
unaffected by temperature distortion. 

The 180°-extent temperature distortion present at the engine inlet was 
maintained throughout the compression system (figs. 22(c), (f), and (i». Fan 
and compressor temperature profiles shifted in the direction of fan and com­
pressor rotation with respect to the station 2 profiles. The profile shift at 
the fan exit (station 2.4), the compressor inlet (station 2C), and the compres­
sor exit (station 3) was the same as noted in the discussion of figure 21. 

Effects of temperature distortion extent. - The effects of temperature 
distortion extent on normalized total pressure, static pressure, and total 
temperature profiles were determined at the fan exit (station 2.4) and the 
compressor inlet (station 2C) and outlet (station 3) (fig. 23). The sinusoidal 
variation in the total pressure profiles (figs. 23(a), (d), and (g» and the 
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flat stat~c pressure prof~les (f~gs. 23(b), (e), and (h» were the same as 
d~scussed ~n conjunct~on w~th f~gures 21 and 22. 

O~stort~on extent d~d ~nfluence the angular rotat~on of the temperature 
d1stort~on (f1gs. 23(c), (f), and (1}). The fan and compressor prof1les 
rotated w1th respect to fan 1nlet (stat'on 2) prof~les, for 90°_ and 
laOo-extent d1stort1on at stat10n 2, as follows: 16.5° at the fan ex~t 
(station 2.4) for both distortion extents; 21° and 37.5°, respectively, at the 
compressor inlet (stat1on 2C); and 157.5° and 171°, respect1vely at the com-
pressor exH (stat1on 3). ' \ 

Stat~c pressure prof'les 'n passage upstream of compressor inlet. - The 
effects of changes 'n corrected fan speed, RNI, and distort~on extent at the 
fan 'nlet on stat1c pressure were determ'ned (f'gs. 24 to 26). The nearly flat 
static pressure prof~les at stat~ons 2.5, 2.6, and 2.7 ~nd'cate a m'nimal 
amount of static pressure d'stort~on along the compressor ~n1et passage. 

Stat~c pressure prof~les 'ns~de compressor. - Compressor-stage stat~c 
pressure prof'les were determ'ned from the first-stage stators (stat'on 20) to 
the th'rteenth-stage stators (station 2R) (figs. 27 to 29). Only the odd­
numbered stator stages ~nside the compressor are presented, but results were 
s1m1lar for the even-numbered compressor stages for the engine inlet var~at'ons 
that were invest~gated. 

Chang1ng corrected fan speed from 80 to 90 percent or varying RNI at the 
eng~ne inlet from 0.3 to 0.5 had no effect on the ampl~tude of the static 
pressure d~stortion associated with any compressor stator stages. The overall 
stat~c pressure profile amplitude (peak to peak) ~ncreased between the f~rst­
stage stators (stat~on 20) and the th~rd-stage stators (stat~on 2F). Th~s can 
be ver~fied by compar~ng f~gures 27(a} and (b) and f~gures 28(a} and (b). The 
prof~le ampl~tude of the low-pressure reg~on (data below 1.0) ~ncreased between 
the first- and th~rd-stage stators because of the temperature distort~on 
entering the compressor inlet. The profile amplitude (peak to peak) rema'ned 
constant between the third-stage stators and the seventh-stage stators 
(station 2J). This can be verified by comparing figures 27(b} and (d) and 
figures 28(b} and (d). The profile amplitude started to decrease in the ninth­
stage stators (station 2L) but became flat for the thirteenth-stage stators 
(figs. 27(g) and 28(g». This flatness indicates that the open exit of the 
compressor is controlling this pressure field in spite of the stator blades. 

Changing the temperature distortion extent at the fan 'n1et from 90° to 
180° 1nf1uenced both the stat1c pressure distortion extent and its circumfer­
ential locat1on at various stator stages within the compressor (fig. 29). 
Sinusoidal static pressure profiles were determined from the first-stage 
stators through the ninth-stage stators (figs. 29(a) to (e». The low­
pressure-region static pressure amplitude (data below 1.0) increased between 
the first and third stator stages because of the temperature distortion enter­
ing the compressor inlet. The profile amplitude remained constant through the 
seventh stator stage (station 2J; fig. 29(d» and then began to decrease 
through the rema1ning compressor stages. This decrease was caused by the com­
pressor open exit as noted in the discussion of figures 27 and 28. 

The 90°-extent temperature distortion at station 2 resulted in a 96° 
static pressure distort1on extent at the first-stage stators (f1g. 29(a». The 
apparent increase in distortion extent to 120° from the third to the ninth 
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stator stages (figs. 29(b) to (e» was the result of having a limited number 
of static pressure taps at each compressor-stator stage and the consequent 
difficulty in precisely defining the slope of the static pressure data from the 
distorted region (data below 1.0) to the und1storted region (data above 1.0). 
This problem was not experienced with static pressure data obtained from 180°­
extent temperature distortion experiments as these data had a more gradual 
slope. 

SUMMARY Of RESULTS 

A YTf34 h1gh-bypass-rati0 turbofan engine was tested with 90°_ and 180°­
extent 1n1et temperature d1stort10n. The results of th1s 1nvest1gat1on are as 
follows: 

1. Yaw flow angle and static pressure distortion increased along the 
inlet duct as airflow approached the eng1ne inlet. 

2. There was little or no change in total temperature d1stortion between 
the burner exit and the fan inlet. 

3. There was no significant total pressure d1stort10n along the inlet duct 
between the hydrogen burner and the engine inlet. 

4. Static pressure distortion was generated 1n the compressor rotors by 
the temperature distortion. The change 1n static pressure distortion was 
usually greatest in the front stages of the compressor. 

5. Total temperature distortion profiles tended to change from a square 
profile to a sinusoidal profile as the d1stort1on passed through the 
compressor. 
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Figure 1. - YTF34 engine in altitude test chamber. 
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Figure 3. - Gaseous-hydrogen-fueled burner viewed in direction of 
engine inlet. 
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