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ALTITUDE PERFORMANCE AND OPERATIONAL CHARACTERISTICS OF 

AN XT38-A-2 TURBOPROP ENGIBE 

By R. H. Essig and F. W. Schulze 

The over-all engine performance and the  s tar t ing and windmilling 
characterist ics of an XT38-A-2 turboprop  engine have been investigated 
in the NACA Lew-is a l t i tude  wind  tunnel. The simulated flight condi- 
t ions ranged from al t i tudes of 5000 to 45,000 fee t  at a f l i gh t  Mach 
number  of 0.30 and f r o m  Mach numbers of 0.301 t o  0.557 a t  an a l t i tude  
of 35,000 feet. The engine, equipped with'a  standard-area  exhaust 
nozzle ,  was operated  with  independent  control of  fuel f l o w  and pro- 
peller  pitch;  operation was thereby allowed over a wide range of engine 
conditions. Windmill- characterist ics were obtained a t  a l t i tudes 
of 15,000 and 35,000 f ee t .  

L 

Analysis of the performance maps obtained a t  each flight  condition 
revealed that both  alt i tude and f l i g h t  Mach n m b r  had a major effect  

horsepower o c c m i n g  when the  a l t i tude wa8 increased were the  result .of 
decreases in compressor and turbine  efficfencies. Windmilling engine 
starts were made a t  al t i tudes as high as 35,000 f e e t   a t  an engine speed 
of 2000 rpm. 

u on corrected  engine  variables. The large reductions in corrected  shaft 

An investigation of the performance of an XT38-A-2 turboprop 
engine over a range of slmulated altitude  conditions has been conducted 
Fn the NACA Lewis a l t i tude  w i n d  tunnel. Steady-state engine performance, 
component performance, and s ta r t ing  and windmillbg  characteristics,  as 
well  as  the dynamics  of the engine, were studied. Reported herein 
are  the  over-all engine perfomknce and the  s tar t ing and windmilling 
characterist ics.  

The simulated flight  conditions ranged from a l t i tudes  of 5000 t o  . 
45,000 f ee t  a t  an average f l i gh t  Mach number of 0.30 and from Mach 

. 
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numbers of 0.301 to. 0.557 a t  an a l t i tude  of  35,000 f ee t .  A standard 
exhaust nozzle havlng an area 09 244 square inches was used. Independent 
control of propeller and fue l  flow permitted  operation at various engine - . - 
speeds over a wide range of turbine-inlet  temperature, Engine windmilling 
characteristics  at  various  airspeeda and blade angles were obtained a t  
a l t i tudes of 15,000 and 35,000.feet. 

. .  - 
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. .  
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Data a re  present-ed in  the form of performance maps a t  each flight - 

condition t o  ahow the  effects of a l t i M e  and f l i gh t  Mach  number on 
various engine-performance variables. The effect  of engine deterio- 
ration  wlth  operating time on performance is also.  discussed. cr) rl 

" 

. ". 

. 2 2  
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A l l .  symbols  used in this report- are defined in appendix A. 
.- 

Description of &gim - 
- . -  

The main  components of  the engine  include a 19-stage  axial-flow . " 

compressor, eight-cylindrical combuetion- chambers, a four-stage  turbIne, 
an exhaust cone,  and a planetary reduction-gear assembly with a 12.5 :1 
gear ra t io .  The engine was f i t t e d  for .  this. invest2gati.a with a three- 
blade  propeller, 13 feet. in diameter. The maximum diameter of the   f l igh t  

engine mount is 37k inches;  the length fr6m the foremost end of t he  .. -.. 
p r o p e l l e r  shaft t o  the exhaust-nozzle  outlet i e  157 ~nches .  The net dry 
weight of the engine  including power section, gearbox, control,  torque- 
meter, and f l i gh t  fraane, but  without  propeller, is apprqximately 1660 I 

pounds. The exhaust-nozzle-outlet  area is 244 square inches. 

-. 

2 b .  " 

The operating limits of the engine as  established by the manufac-. 
turer are: 

._ . . - - ". =.. . .- . . _ _  " . ..- ." .. . - .  
I 
I condition min temperature, speed, 

Operating .. Time limit-; Turbine-inlet Engine 

rPm OR 

Military 30 2060 14,300 
100 percent "-1 power 

None 1720 14,300 60 percent normal. power 
None 1840 14,300 80 percent n o m 1  power 
None . 1960 14,300 

". 

A t  military  operating  conditions, the nom--1. .etatic  sea-level 
ra t ing is 2520 ~haf% horsepower and-  a Jet - t h r u s t  of 603 pounds. The 

,! - 

r - -  
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engine a i r  flow is approximately 30 pounds per second. The aerodynamic 

Mach  number of 0.347. 
" desiep po in t  of the engine is at an al t i tude of 15,000 feet  and a flight 

Installation and Instrumentation 

The al t i tude w i n d  tunnel is a closed-circuit,  return-type  tunnel 
circular  in  cross  section  with a tes t   sect ion 20 feet  i n  diameter and 40 
feet  long. As shown in  f igure 1, the engine was  mounted on a thin w i n g  
section spanning the  test   section. Deafred a i r  velocit ies through the 
tunnel  test  section  are provided by a variable-pitch  18-blade fan driven 
by an 18,000-horsepower e lec t r ic  motor. The instal la t ion was stream- 
lined by providing a cowling about the  entire engine, a wooden l i p  a t  
the  inlet-air  duct, and a conical  fairing for the  propeller hub region. 

A view of the engine sharjng  the  location of the components  and 
the 'measuring stations is  shown in figure 2.  Schematic  diagrams of 
the  instrumentation a t  six of the  stations are given in figure 3. The 
six parallel  control thermocouples a t  the  turbine-inlet area were 
installed t o  produce a single indication of turbine-lnlet  temperature. 
The a ir  f low was determined from measurements a t   s t a t ion  1 and was 
checked a t   s t a t ions  1 and 2.  A i r  leakages occurring in various  sections 
of the engine were measured when possible or were assumed t o  be a 
percentage of the  inlet-air  flow. These leakages are  described in 
appendix B.  Water-filled manometers  were used t o  measure pressures a t  

mercury-f i l l ed  manometers  were used.  Iron-constantan  thermocouples 
were used in the measurement of engFne-inlet and compressor-outlet 
a i r  temperatures; chromel-alumel thermocouples were used in  the meas- 
urement of turbine-inlet and exhaust-nozzle gas temperatures. All 
temperatures were automatically recorded with  self-balancing 
potentiometers. 

a every  station  except  the compressor outlet azld turbine  inlet ,  where 

- 

A stroboscopic  tachomgter, in conjunction with a continuously 
indicatlng  tachometer, measured engine  speed. Torque  was  measured by 
a ma-etic pickup-type torquemeter, which sensed the  torsional  deflec- 
t ion of the shaft between the power section and the  reduction gearbox. 
T h i s  torsional  deflection was measured electronically and indicated on 
a milliammeter. To determbe  contamination of  tunnel   a i r  induced  by 
the engine  exhaust, an oxygen analyzer, employing the  standard  thermal- 
conductivity method t o  determine the oxygen content of gas, was used t o  
sample the air at  the  entrance of the  inlet   duct.  A slip ring; an the 
propeller shaft and a slide-wire arrangement on one of the  three  blades 
indicated  propeller-blade  angle on a milliammeter. 
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Independent control of -p rope l l e r   p ihh  and fuel flow was used t o  
obtain  data over a range of power (turbine-inlet +emperature) at each 
of several engine speeds  ranging from about 92 t o  104 percent of rated 
speed. To eliminate inlet-duct losses fkom the engine performance, 
the tunnel test-section  velocity was e e t   t o  give the desired ram-pressure 
r a t i o  baaed on compressor-inlet total   pressure and f'ree-stream s t a t i c  
pressure. The methods ueed t o  compute the engine-performance variable6 
are included in appendix B. 

* 

0 
rl 
(D 
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The in i t ia l  20 hours of engine operation a t  a l t i tude  were used t o  
determine the  vibration  characteristics of the  propeller. Data from. 
t h i s  period of the  investigation w i l l  not be  presented. Regular engine- 
performance data were obtained aurin@; the next 85 hours of engine time. 
To aid in explaining any inconsistencies in data due to  deterioration, 
which has been found t o  be an important factor  i n  same turboprop engines 
(ref. l), and data  irreguhxritiea due t o  changee in components dur ing  
the program,  .the order of-performance tests is given in the following 
table : 

Engine time, 1 Da; o b t y d  a t :  1 
hr 

Altitude,  Flight Mach 
number 

20-25 
33-40 35,000 
40-47 35,000 

60-82 5.000 .300 
47-59 35,000 .557 

91-96 
96-LO5 

0.294 45,000 
,303 15,000 

The turbine  labyrinth seal was found damaged a t  about 83 hours engine 
time; perfomaance obtained after that time was w i t h  a new turbine 
section. A t  an altltude of 25,000 feet and a flight Mach number of  0.30, 
a given engine condition was run approximately  every 10 hours t o  check 
engine and component deterioration. 

Eugine windmilling characteristics were obtained f o r  a range of- . .- 

propeller-blade angle a t  the follawlng al t i tudes and airspeeds: 
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During the  investigation,  engine-inlet  temperatures were maintained 
as  near t o  NACA standard  altitude  conditions  as  facility limits allowed. 
In general,  engine-inlet  temperature ranged from 800 t o  -30' F f o r  
steady-state =in@;. By precooling  the  tunnel,  engine  starting  char- 
ac te r i s t ics  were obtained a t  temperatures  as low as -5OO F. 

Fuel used during  the  investigation was clear  gasoline havrzlg a 
lower heating value of 18,925 Btu per pound and a hydrogen-carbon r a t io  
of 0.182. Several  types of lubricating o i l  mre used during  the  inves- 
t igation t o  lubricate  both  the gearbox and power section. The types 
used are  designated PRL 3313, PRL 3161, and EEL 3A, a l l  of which  were 
approved by the engine  manufacturer. 

Performance Characteristics 

Inlet-air  flow. - A t  the start of the  investigation,  a  study was 
made of the flow conditions of the  air  entering  the compressor in le t .  
The pressures  indicated by the four rakes a t   s t a t ion  2 showed the flow 
through  the  duct and around the  shaft t o  be f a i r l y  uniform radial ly  
and circumferentially.  Total  pressures a t  the bottom rake were about 
1 percent lower than  the  average  inlet  pressure. Data indicated by the 
oxygen analyzer showed that  the oxygen content of the  engine-inlet   air  
never  reached  a  value below 19.5  percent as compared with standard 
conditions of 20.9 percent. 

Generalized performance. - A l l  the engine-performance data in 
both  corrected and uncorrected form are  presented in table I. Data 
typical of those  obtained a t   a l l  the  various  flight  conditions  are 
presented in figures 4 and 5 f o r  an al t i tude of 15,000 feet  and a 
f l igh t  Mach  number of 0.303. Variation of corrected  turbine-inlet 
temperature,  corrected je t   thrust ,  and specific fuel consumption with 
corrected shaf't horsepower a t  seven  engine  speeds is shown in figure 4. 

In varying  engine speed a t  a constant  corrected  turbine-inlet 
temperature ( f ig .  4), a maximum shaft horsepower is reached. A t  the 
milltary-rated  corrected  turbine-inlet  temperature of 2060' R, an 
increase in corrected  engine speed from 13,690 t o  15,270 rpm varied the 
corrected  shaft horsepower from 2460 horsepower a t  13,690 rpm t o  a maxi- 
mum of  2570 horsepower a t  14,600 rpm. For the same conditlons,  cor- 
rected  jet  thrust increased from 555 t o  660 pounds and specific fuel 
consumption increased from 0.65 t o  0.68 pound of f u e l  per shaft horse- 
power per  hour. The effect  of corrected  engine speed on corrected a i r  
flow is shown in  figure  5. There d i d  not  appear t o  be any effect  of 

I turbine-inlet  temperature  level on corrected a i r  flaw. The a i r  flow 
at  the  rated  corrected engine speed of 14,300 rpm was 29.35 pounds 
p e r  second. 

- 



6 - NACA €&I E53L18a 

Cross plotting of the engine-performance parameters of figure 4 
f o r  each flight  condition provided the engine-performEbnce maps presented 
in figure 6 f o r  the seven flight  conditions  hveetigated. In these 
maps, corrected ahaf% hOrBepOWer is plotted  against  corrected engine . 

speed f o r  constant  values of Corrected turbine-inlet  temperature, 
corrected  jet t h r u s t ,  and specific  fuel consumption. From these maps 
the performance a t  any  engine  operating  condition can be determined 
for each fl ight  conditim  investigated.  

In general,  the maximum corrected horiep6i6r-Ebt-a . f i xed  corrected 
turbine-inlet  temperatwe occurred a t  corrected e e i n e  speeds between 
13,200 and 14,800 rpm, depending= flight- condition and level of 
turbine-inlet  temperature. AB corrected  engine speed increased,  there 
was,  however, a  continuous increase Fn both  corrected j e t  th rus t  and 
specific fus1 consumption for any  given  corrected  turbine-inlet 
temperature. 

AB can  be aeen from these maps, a t  a f l igh t  Mach  number o f  0.30, 
performance a t  an al t i tude of-15,000 fee t  i s  generally better  than  at  
5,000 f ee t  and performance a t  45,000 feet  is better than at-35,000 
feet   al t i tude.  These comparfeons a r e  inconsistent  with  the performance 
trends f o r  the  other flight conditions, which show the  conventional 
performance deterioration  as  al t i tude was increased. The apparent 
discrepancy can  be explained by the mazmer in-.which the engine per- 
formance was affected by the .aforementioned turbine change  which 
Fmmediately preceded the m a  a t   a l t i tudes  of 15,000 and 45,000 feet .  
Performance obtained p r i o r  t o  and following %he turbine change is 
shwn in  figures 7 and 8. Engine-performance data,  obtained a t  a 
given  operating  condition a t  an al t i tude of 25,000 fee t  and a f l i g h t  
Mach  number near 0.30 in order t o  check engine deter iorat im,   are  
presented in figure 7 in t e r m  of standard engine-performance parameters. 
The performance decreased s l ight ly  during the f i rs t  20 hours of 
operat-ion and then remined essentially  constant  until  the  turbine 
section was replaced.  After  the  replacement, engine performance improved 
at   this  particular  f l ight  condition. To fur ther   i l lus t ra te   th i s  d i f -  
ference,  data f r o m  a brief  investigation of engine perfomance a t  an 
al t i tude of 15,000 feet before  the  turbine change a r e  compared in 
figure 8 (a)  with  values from a cmplete performance map taken af te r  
the change. In figure 8 (b) , values from a map t a m  before  the change 
are compared with some limited  data  after  the-change f o r  an alt i tude 
of 25,000 fee t .  Performance a t  a  given turbine  temperature  level  at 
both  altitudes m a  bet ter   af ter   the  change by"appr6ximatelg- ZOO t o  300 
corrected horsepower. With thls &ked. ch&-$c&isid%ed, the sub- 
sequent results and_discussian w i l l  involve only the performance data 
obtained between 20 arid 82 hours engine time. The data preeented 
herein consequent-ly indicate only the approximate level of performance 
of  t h i s  engine model, but the  trends  are considered typioal. 

". 

.. . 

. .  

" 
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Effect of a l t i t ude .  - Specific  effects of a l t i tude  on engine 
performance a t  a flight. Mach  number of 0.30 are  presented in figure 9. 
Perf  omance in terms of corrected shaft horsepower, corrected  jet  thrust, 
and specific fuel consumption is shown at  three  temperature  levels and 
several engine speeds.  Altitude had a  major effect  on shaft horse- 
power  and specific  fuel consumption, but a minor effect  on je t   th rus t .  
A t  a corrected  turbine-inlet  temperature of 2200° R and an engine  speed 
of 15,500 rpm, corrected shaft horsepower decreased from 2840 horse- 
power at an al t i tude of 5000 f ee t  t o  2020 horsepower a t  an al t i tude 
of 35,000 feet;  corrected  jet thrust increased f r o m  660 t o  700 pounds, 
and specific fuel consumption increased from 0.655 t o  0.935  pound of 
fue l  per shaft horsepower per hour for the same alt i tude  variation. 
This change in shaft horsepower, which amounts t o  28.8  percent, %a 
primarily a resu l t  of the  reductions in compressor and turbine  effi-  
ciencies  with  altitude (shown in f ig .  10). Performance of the compres- 
sor and turbine  are  presented f o r  corrected  engine  speeds between 
14,500 and 16,000 rpm a t  a  corrected  turbine-inlet  temperature of 
22000 R. A t  a  corrected  engine speed of 15,500 rpu, an increase in 
al t i tude from 5,000 t o  35,000 feet  resulted in a  decrease in compressor 
efficiency from 74.6 t o  71.5 percent and a decrease in turbine  effi-  
ciency from 81.7 t o  77.0 percent. Because a* this  operating  condition 
the work s p l i t  between the compressor and the  propeller  shaft is euch 
that about 2/3 of turbine work is absorbed  by the compressor,  a mall 
drop in compressor efficiency can impose a large loss In shaft output. 
If', in addition,  the  turbine  ~3xhibit6 a drop in efficiency,  the loss 
in shaft power is further  increased. The individual  contribution of 
each component t o  the perfomnance loss with  altitude is shown in figure 
11. Although the  actual gearbox loss varies from approximately 20 t o  
40 horsepower in t h i s  range of al t i tude,  it can be seen that a t  high 
alt i tudes it represents a greater p a r t  of the shaft horsepower than at 
sea level. If the  previously quoted reductions in compressor and 
turbine  efficiencies had not occurred as   the  a l t i tude was increased, 
the  corrected horsepower would be as shown in f igure   l l (a ) ,  while 
specific  fuel consumption would be as  shown in f igure   l l (b) .  A l l  the 
variation of performance with  alt i tude has  thus been  accounted for by 
the compressor, turbine, and gearbox losses. These effects  appear t o  
be typical for turboprop engines and stress  the  fact   that  reducing 
o r  eliminating  altitude  effects on engine components is much  more 
important for  turboprop engines  than  for  turbojet  engines. 

0 4  
P 
0 
0 

Effect of f l i&t Mach number. - Some specific  effects of f l i gh t  
Mach  number obperformance a t  an al t i tude of 35,000 feet  are  presented 
i n  figures 12  and 13.  Brief  investigations a t  f l igh t  Mach numbers of 
0.349 and 0.513 a t   t h i s   a l t i t u d e  augmented the full perf onuance maps 
presented in figure 6 (d )  t o  ( f ) .  The performance a t  a  corrected  engine 
speed of 15,500 rpm over a  range of corrected  turbine-inlet  temperature 
is shown in figure 12;. the variation of performance with  several  corrected 
engine  speeds a t  a corrected.  turbiqe-inlet  temperature of 2300° R is 
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shown in figure 13. As the   f l igh t  Mach  number was increased a t  e i ther  
constant  corrected  engine speed or turblne-inlet  temperature,  corrected 
shaft horsepower and J e t  thrust Fncreased while  specific Axel consump- 
t im decreased.  Specifically, as the   f l igh t  Mach-number was increased 
from 0.30 t o  0.56 a t  a corrected engine speed of' 15,500 rpm and a 
corrected  turbine-inlet  temperature of 2400° R, the  oorrected shaft 
horsepower increased from 2740 t o  3130 horsepower, the  corrected jet  
t h r u s t  increased from 810 t o  965 pounds,.and the  specific fuel conswnq- 
t ion decreased from 0.810 to 0.695 pound  of -fu'el per-shaf t  horsepower 
per  hour. 0 

CD 

Operational  Characterietics 

Windmilllq. - The variation ofengine windmilling speed w i t h  
propeller-blade angle is s h m  in figure  14(a) for an a l t i tude  of 
15,000 feet and true  airspeeds of 66, 110, and 155 h o t s  and in figme 
14(b) for an a l t i tude  of 35;OOO f ee t  and true airspeeds of 115, 165, 
and  215 lmota. Maximum wlndmilling s p e d  was obtained w i t h  a blade 
angle opapproximately 24O, and there appeared t o  be l i t t l e   e f f e c t  of 
a l t i tude  on the m a x i m u m  windmillin@; speed for any given true  airspeed. 
A t  that blade  angle, an engine windmilling speed in excem of rated 
speed could be encountered a t  airspeeds above about 218 knota a t  any 
al t i tude.  The variation of corrected a i r  flow with  corrected  engine 
speed for the englne Ln windmilling  condition is shown in  f igure 15. 

A t  the  rated  corrected engine speed of 14,300 rpm, the  corrected a ir  
flow was 28.9 pounde per second; while a t  half that corrected speed, 
t h e   a i r  flow only 8 pounds per  second. 

. .  
" 

S t a r t i q .  - Exmination of the s t a r thg   cha rac t e r i s t i c s  of the 
englne  reveals two dis t inct   regime of operation  dependiq on the   fuel  
system employed, as shown in figure 16. A t  engine wbdmilling speeds 
between 2600 and 3600 rpm, atar ts   with  the standard fuel control were 
made up t o  an a l t i tude  of 21,000 fee% but no starts wereabtiainable 
a t  higher  altitudes (fig. 16(a)).  The engine fuel waa at  roam tempera- 
ture, while  the  engine-inlet  temperature was as low as  -20' F f o r  
these starts. Another fuel  control,  which allowed much lower starting 
fuel flows than the  standard  control, wae installed for the dynamics 
investigation; use of t h i s  fuel control  resulted i n  engine starts a t - - - - -  --- 

an a l t i tude  as high as 35,000 feet and with windmilling  speeds as low 
as 2000 rpm. The engine-inlet  temperature was -50' F. 

" - 

Oil faam-. - Ehgine operation a t  a l t i tudes above 30,000 feet- 
with PRL 3313 and PRL 3161 o i l 8  in the gearbox and  power section  resulted 
in foaming and subsequent loss of oil by vent spewing  due t o  reduced 
scavenge-pump capacity. In one instance the gearbox became loaded with - 
oil and overheated beyond specification  limits  necessitating  replace- 
merit of the  gearbox. The problem of foaming was alleviated by use of 
EEL 3A lubricating oil along with  pressurization of the gear  case above 
an a l t i tude  o f  30,000 f ee t  a t  a gage.pmssure of about 5 pounds per 
square  inch. . .  

, -  - - . .  " 
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CONCLUSIONS 

The performance of an XT38-A-2 turboprop  engine  investigated 
a t  simulated flight  conditions  ranging from al t i tudes o f  5,000 t o  
45,000 f e e t   a t  a flight Mach  number of 0.30 and f r o m  Mach numbers of 
0.301 t o  0.557 a t  an al t i tude of 35,000 fee t .  

The investigation  indicated  that  the  large  reductions in corrected 
shaft horsepower,  which  occurred when al t i tude was increased,  are due 
principally t o  decreases in compressor and turbine  efficiencies. An 
increase in al t i tude from 5,000 t o  35,.000 feet  at  constant  corrected 
turbine-inlet  temperature and engine  speed resulted in reductions of 
approximately 3 and 5 percent in compressor and turbine  efficiencies,  re- 
spectively, and a net loss of 28.8 percent in corrected shaft horsepower. 
A t  a given flight  condition and a fixed  corrected  turbine-inlet tempera- 
ture,  operating  the engine a t  a corrected  engine speed between 13,200 and 
14,800 rpm gave the maximum corrected  shaft horsepower. Deterioration 
in engine  performance was noted  during  the first 20 hours of operation, 
but further  operating  time had no Bignifican-L effect  on performance. 
A cllsnge of turbine assembly had a marked effect on performance. 

M a x i m u m  windmlllhg speeds were obtained a t  8 propelby-blade  angle 
of approximately 24’ a t   a l l  airspeeds  investigated. D a t a  a t   a l t i t udes  

of rated speed would occur a t  a true  airspeed above 218 knots.  Modi- 
f ication of the  fuel  system to provide fue l  f lows during  starting that 
were lower than  those  obtainable  with  the  standard  fuel system resulted 
in a significant  increase in the range of a l t i tude and windmilling speed 

Of 15,000 a d  35,OOU feet  Indicate that Windmining Speed8 in 8XC068 

d a t  which ignition could  be obtained. 

Lewis  Flight Propulsion Laboratory 
National Advisory Camittee f o r  Aeronautics 

Cleveland, Ohio, December 28, 1953 
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SYMBOIS 

The following symbols are used in this report: 

cross-sectional ares, eq ft 

Jet  thrust ,  l b  

acceleration due t o  gravity, 32.2 ft/sec2 

reduction gear loss, horsepower 

horsepower 

enthalpy,  Btu/lb 

mechanical  equivalent of heat, 778 ft-lb/Btu 

Maoh number 

engine speed, rpm 

t o t a l  presBure, lb/sq ft abs 

static  pressure, lb/sq ft  abs 

torque measured by torquemeter, f't-lb 

gas constant, 53.4 ft=lb/(lb) (9) 

specif ic   fuel  consumption, l b  fuelfhrlshp 

shaft horsepower 

torquemeter hOr80pOWer 

t o t a l  temperature, OR 

velocity fi /eec 

a i r  flow, lb/sec 

air-flar leakage frm compressor and turbine bearing labryinth,  

. -  
. - . . . . . 

lb/sec Y -  

air-flaw leakage from burner-dome rings and cro8s-over  tubes, 
lb/sec 

.r 

turbine rear-bearing  cooling-air flow, lb/sec . .  
.. 

1 

0 
rl 
(D 

M 

. . ." 

. .. 



NACA RM E53L18a 11 

J 
I 
1 

W f  fue l  .flaw, lb/hr 

% gas flow, ~ b / s e c  

Y r a t i o  of specific  heats 

6 r a t i o  of compressor-inlet total   pressure  to   s ta t ic   pressure 
of NACA standard atmosphere a t  sea level  

9 efficiency 

8 r a t i o  of  compressor-inlet  absolute  total  temperature t o  
s t a t i c  temperature of NACA standard atmosphere a t  sea  level 

Subscripts : 

C compressor 

t turbine 

0 tunnel  test-section  airstream 

1 cowl inlet 

2 compressor i n l e t  

3 compressor out le t  or combustion-chamber inlet 

4 t u r b h e   i n l e t  or combustion-chamber out le t  

5 turbine  outlet 

6 exlvaust nozz le  

The data  are  generalized  to NACA standard  sea-level  conditions by 
the following parameters : 

FJ/6 corrected  Jet t h rus t ,  lb 

h p / S G  corrected horsepower 



0 NACA RM E53L18a 
. .  

Shaft horsepower. - The torque,  as measured by the  torquemeter, 
together  with  the measured engine speed was used t o  determine  the  torque- 
meter horsepuwer as  follows: 

0 
(D 
rl 
M The shaft horsepower was determined f'rm the  torquemeter horsepower by 

subtracting the gearbox losses .. ." 

where ghp was obtahed from calibration  curves  supplied by the 
engine manufacturer. 

Air flow. - A i r  flow was determhed from pressure and temperature 
measurements in the  engine-inlet-sir  duct-(statim 1) by use of the 
equation 

- 1  

A i r  leakages  occurring  in various sections of the power section were. 
measured when possible or  were assumed t o  be a percentage of inlet-ai r  
flow. Leakage frOm the  cmpressor  rear-bearing  labpinth and the  turbine 
front-bearing  labyrkth Wa,ctl was measitred and found t o  be approxi- 
mately 1 percent of  Wa,l. Leakage f im the burner-dome rings an.d oross- 

over tubes W was sssumed t o  be 1/4 of 1 percent of Wa,]. The 
gas flow through tfLe turbine would be detemiped as - 

.. - 

a ,B 

Cooling of the r e a r  turb-he  bar ing is  augmented by a i r  coming *om ambi- 
ent  conditions  through  the  bearing s u p p o r t s  t o  the bearing and discharging 
into the gaa stream. This inflow W was found t o  be 1/2 of 1 per- 
cent of Wa,l .  Thus, the exhaust-nozzle @;as f low I s  obtained by - . . - . . . . . . . 

" 

1 

- 
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Temperatures. - Stagnation  temperatures  obtained from thermocouples 
were assumed equal to   the  indicated values except a t  the eaaus t  nozzle, 
where a recovery  factor of 0.85 w a s  applied. The turbine-inlet tempera- 
ture was calculated  by assuming the turbine power to   be  equal   to  the sum 
of the compressor absorbed power and the torquemeter horsepower. Thus, 

w 

Then, use of enthalpy charts determined the  turbine-inlet  temper- 
ature (see ref .  2 ) .  

Jet  thrust .  - Jet thrust  was determined f r 3 m  

F J - 3  
1. Meyer, C a r l  L., and Johnson, LaBern A . :  Performance and Operational 

Characteristics of a Python Turbine-Propeller Zhgine a t  Simulated 
Altitude  Conditions. NACA Rd E51114,  1952. 

2. Turner, L. Richard, m d  Bogart, Donald : Constant-Pressure Combustion 
Charts  Including Effects of Diluent  Addition. NACA Rep. 937,  1949. 
(Supersedes NACA TN's 1086 and 1655. ) 
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11% 

1755 
1155 

1757 
1758 

11% 
1759 

1168 
l7MI 

17E2 
11s 
11Q 
1754 
17h5 
17.38 
17M 

l7m 

"" 

1758 
1757 
1762 
l7Q 
1787 
1781 

17Z4 E: 
1 157 
1782 

1159 

1 757 
11- 
17W 
17% 
1798 

1760 
1760 
1759. 

17W. 

17% 

1Ed 
1 7 9  

1 m  

1114 

ne7 
1M4 
ll86 
1M2 
1168 

less  
1 8 a  
1847 

1880 

1669 
1071 

1871 
1Ml 
1875 
1874 
lsel 

1863 
1879 
1872 
1873 
lsrS 
1864 

1871 
1857 

1 1 9  
1876 
1871 

1867 
1 m  
1- 
1875 
18P1: 
1875 

1874 

mm 

lan 

:1 :q 
l* ma 
i676 
1118 
-: 

lee1 
1171 
l8TE 
1679 

1285 

le60 

lEEl 

lea 
l e% - 

TABLE I. - PERFORMANCE DATA FOR XT38-A-2 TURBOPROP ENGINE 

L.894 667 882 

2 5 4 5  
177 see 

L.602 169s M O  
I s m  114a 
106a 1026 
610 918 

, 
I . . . ... . . 

. .  . ,  
! I ,  

T 

t i . . . . . . . . 
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I 

h.1 

pv-nurm. 
.uti0 

00 
b/Bq h ab# 

lle5 
l l91  

1187 
1Ud 
lU7 
1183 

111s 
l U 1  
1180 
1189 
llsD 
1196 

llB6 
1181 
11* 
1199 

1167 

1179 

11a1 

% 
1187 
l l W  

1118 

lU1 
1114 
11s 

UQP 
llea 

llso 
1111 
llP1 
llB9 
1184 

118 
714 
7.53 
181 
773 
788 

771 
180 
771 
113 
7, 

174 
116 

7m 
778 
770 

- an.- 
n l m t  
. O t . l  
4=- 
LAIF., ‘1. 
91 

4l6 
416 
478 
473 
471 
418 

471 
473 
411 
472 
411 

- 

n a  
413 
471 
474 
478 
475 
418 

418 

477 
476 

471 
476 
477 

418 
410 
411 

bl6 
417 

46s 
478 

480 
476 

4lW 

441 
UQ 
439 
440 
Ul 
Ul 

4 s  
440 
440 
&so 
uo 
UB 
UB 
UB 
411 e L  

2% 
~~~~ 

$&p 

%? 
q t i m .  nw, 

L1.23 

,781 
l 8 . m  .MI 
19.21 1.171 
19.m 

1B.W .64& 
l B . Q  .sa7 
l @ . s 8  

P l S B  18.09 
1.101 19.M 

,6L% 1 9 . x  
.nSa u.91 .so8 19.21 

6 . W  uI.12 
1 . l e s  10.14 
.m7 18.7C 

. a s  u.ea .oBop 10.89 

.m u.14 
1 . 1 6  18.Ss 

.OB41 18*% 

. 4 a e  18.M 

, W P  18.U 

. w  1s.m 

. m u  18.74 

. m s  

11.96 .lese 
18.m 1.m 

~ E . W  

.%e8 

la.11 ,1280 
11.97 .6611 

17.02 

.BPI 17.01 

. a 0 4  17.19 

.BEST 11.64 

. 1 W  17.46 
1.172 1 7 . U  

,891 

13.10 3.S1 
13.11 .1Ds 
13.89 

1.096 1S.U 
1.016  13.11 

1.ms u.2~ 

.7w 15.08 

.Po8 

2 3 1 4  
13.09 .E.&! 

13.07 l . l S 5  
1 3 . u  

.l1.19 .la 
11.10 3.1m 

1 1 . S  

l .eSl 13.1s 
.Em 15.01 
.141 12.Bo 

10% 
718 

1bM 
1667 
1899 

b 9  
942 

1Esl 
1156 
lSW 
1195 

Bp6 

lEu €49 

1621 
1111 
1914 

1 8 n  

1046 
762 

le14 
1bBe 
1 W  

1071 
778 

1351 
lDes 
law 
1814 
1112 
16p2 
118s 

I U Q  

1111 
1851 
llJ5 

rn 1182 

la41 

lmz 

m n l  
1811 

1172 
11S3 

918 

SUM 
1018 
1328 ” 16% 

31.16 pw 

31.61 1710 
51.66 sew 
a.21 18s4 
31.43 1886 
51.6 eM1 

s1.u am 
31.W 1911 
50.97 me2 

31.34 1784 
31.10 1656 

I 



TABLE I. - Continued. PERFaRlrlANCE DATA FOR XT38-A-2 TURBOPROP WOINE 
- 
.tm& 
iu- 

igkt 
ach 

5 

- 
.P97 
.a80 .Yn 
.a97 . Po5 
.m7 

.as, .a2 

. a 7  

.am . 3 3  

.am 

.a7 

.2m .am 

.m 

.m 

.yn 

. a 8  .?pp . oP5 

.so3 

. 50s 

. Po0 
'.3U 
.a 
.am 
.5)3 .us 
.28E 
:.sa 
.a3 
.so3 
.m .XI3 .?a0 .m¶ 
.am .Ka 
.2?6 
.ass 
.303 
.a9 

.a3 .m 

.a9 

.M .s2 .m - 

- 
l W *  
L.1' 
b / m  

- 
2.92 

3.08 
3.05 

1.14 
8.10 
3.- 

2.87 
2.69 

2.63 
2.68 

2.6s 
2.61 
2.55 
2.4.5 

8 . e  
4.42 
8.39 
8 . U  
1.w 
8.19 e 3 5  
0.39 
8.-  

4.23 
B . S 5  n.40 
8.47 

8.09 

2.m 

a.58 

e.qs 
8.11 
8.14 

2 %  
8.13 
1.10 

s.49 
6.m 

8.m 
8.17 

B.13 
8.01 

e .as 
1.00 

8.10 
1.m 

1.80 
8.m 
- 

%Tk 
D % h  

n s t i m .  

- 
0.888 

.?IS 

.151 

. a l l  
1.291 
5 . W  

: ::3 
1.088 
2.1- 

.895 

.m 
P.Oo0 

P.IyI 
1.194 
1.050 
4.2% 

1.078 
.me 

1 .%e 
9.114 

.mu 

. 7 n  

w e 1  

. m  .BSe 
1 . m  
1 . W  
3 . l Q  

2S.18 

11 .m 
.798 

l.Olis 
1 . W  

.941 

.Bso 
W.17 

1.809 
1 . m  

LO.60 

e . m  
1.- 

l:% .7EQ 
y1.61 - 

RIM uti- 
iXld8, rt 

loa 
101 

p4.m 
102 
103 

% 
x lbe 

109 
1 l o  

lh 
11a 
113 
114 

1ln 3u.m 
111 
111 

119 
118 

12l 
121 

121 
122 

184 
E¶ 
127 
IPB 
I28 
120 

111 
1W 

132 
U S  

135 
114 

l s 8  

131 
LYI 
119 

141 
I40 

142 

1 U  

145 
1u 

148 
141 
148 

21U 
1899 
1142 

1248 
1409 

1006 

p115 

1580 
1054 

1019 
-3 

1588 
lga 

I M l  
1019 

l4.m 
1117 
1948 

&-?SI 
1346 

1717 
1874 

lBoB 
l341 

mu 
ops6 
3745 
1619 
1 3 3  
1- 

Bux) u89 
1- 
1651 
U01 
210s 
l0Bl 

BIlu 

la98 
lSL0 
l a  
1048 

1214 
1433 
1826 
r n 8  
22u 

889 

e 1 u  

- 

90.48 
30.74 
y1.m 
y1.13 
50.71 

Jo.m 

2472 
2226 
2016 

1 e 5 B  
163b 

I 
sL1.86 =.E3 =.E3 
91.66 
50.98 
90.76 
90.74 

BkBl 
1114 

E 
Q2c4 
wo 
1675 

50.57 
90.5s 
53.64 y1.u 90.58 
5 0 . P  

2 E 
1142 

2019 
1886 

2508 
2444 
1Ipx1 - 

90.m 
W.99 

B .M 90.08 
m.18 

a . m  

09T9 . , I 
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"urr 
twle 
rt 
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149 35.0 
150 
161 
1Se 
1 8 s  

154 
155 
158 

153 
181 

189 

1 m  
161 
IUS 

IS3 

1Bs 
1 M  

111 
187 

188 
188 
110 
111 I 118 

173 
114 
115 
176 
111 
178 . 
179 

181 
182 

184 

185 la 
101 

118 
188 

190 
191 
lOe 
194 
lsl 

188 
181 
181 

198 
1BB 

2m 
pol 

1m 

183 

...  ... 
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TABLE I. - Continued. PERPORPULNCE DATA FOR XT38-A-2 TIJFEIOPROP JBl(IlN% 

- 
D O O l f l C  
W l  0- 
U?QDioa 

$)Bb 

- 
0.786 
,180 

1.047 

a.4m 
1 . m  

.=I5 
1.417 
1.216 

. m e  
,8867 

1.211 

.I137 

.I378 

.BE59 

?&I8 
2.494 

1.019 
1 . 9 3  

.8oeu 

.'I814 

. a 8 2  
,9688 

1.560 
3.m 

.71P 
8.BU 
1.371 

.gab9 
m u  
.77M 

.IO58 

.7818 

. 9 X 6  

.ne3 

1 . e n  
0 . W  

1.215 
3.764 

.7778 . 1LM 

,7480 
. E r n  
.81W 

a n 1  

1.114 
4.- 

.1987 

.U88 

.w 

.m 

. 7 m  

.Ea19 .Ice 

- 
w n  
rlr 
n w  
I 
.$x 

- 
7.87 
1.88 
1.02 
1.83 
1.97 

8.81 
0.72 
8.*0 

8.80 
8.87 

8.89 

0.n 

1.68 

8 .os 
9.10 
8.88 
9.U 

0.99: 

1.81: 
8.0s: 

0.93: 
9.1M 

9.04 
1.m 
1.91 
0.63 
8.93 
6.01 

8.W 
8.M 
l .w 
B . 8 l  
1.81 
8.11 

B.80 

Lea 
0.m 
3.W 

0.43 
8.50 
8 . 5 6  
8 . 4 s  
3.u) 

0.64 
3 . 8 4  
3.43 

1.49 
1.53 

1.3s 
1.35 

8 . n  

6.m 

8.17 

L& 

1898 

1171 
lE88 
1400 

1867 
1775 
1695 

l i e 0  

2010 

1130 
l W 3  

eo10 
100s 
1BM 

1- 
1Yo 
1 W  
100S 
1800 

m47 

161s 

1 8 2 0  
1183 

1471 

a l l 0  
lsm 
U41 
1684 
1813 
1947 

P O 3  
1010 
1- 
l a 1  

i 2  
WeB 
1663 
1111 
1887 
9066 

1901 
1111 
16% 
1Wd 
1SW 

m7 
1083 
1700 

mm 

moa 

IBM 

uI75 

1983 

1523 
1 2 u  
11m 
nu 
loa6 

l e u  
1P67 

ll89 

UBI 
1283 
1201 

1M 
IS14 
lQ7l 

1068 
BBe 

lle? 
1232 
1288 

1407 
1311 

1110 
le24 

m e  
l a 9  

loBB 
I 3  

U41 
le41 
lssl 

1487 
1382 

1169 

9m 

1071 
983 

llsl 
15De 
1427 

1ps) 
Ea3 

1018 
US8 

956 

1404 
1288 
1158 

la40 
1211 

1433 
l 5 1  
1p79 

l a se  
lam 

- 

a.m 
w.83 
$3.10 
m.11 

m.55 

51.11 
4 . 2 3  
9.39 

51.38 
5l.M Sl.42 
3 1 . 8  
31 .p7 
50.91 

31.1 
a.20 
Sl.m 
51.28 51.98 
a . 2 6  
51.10 

51.S) 
S.M 

9.60 

Y.67 

51.a 
50.03 
s1.a 
3 1 . e  
31.28 

30.57 
30.11 
50.51 30.66 
30.U 
a9.89 

=.on 
m.90 
PB.9l 9.u 
28.81 30.05 
Q9.76 
30.09 
E9.U 

S . 0 8  
31 .XI 
Sl.P6 

61 .lo 

5o.m 

80.14 

S.P 
9D.u 
Q.fl 

.. . . 
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TABLE I. - Concluded. PERFORMANCE DATA FOR XT38-A-2 TURBOPROP ENGINE 

.At* y' 
Rba 
'b 

- 
2," 
b1.b 
101. . 1, 
- 
9.17 
9.m 

9.85 
9.71 
9.31 

9.72 

a.48 
9.01 

9 s  
9.53 
9 .SI 

9.m 

9 . n  

9.80 
9.87 

9.07 
9 . a  

9.1 

9 3 2  
9 , s  
9 .57 
0.01 

3.m 
2.18 
3.11 
3.14 
3.15 

1.E 
3.m 
3.77 
I .75 

5 . 0 2  
:.OB 
5 . 0 5  
i.01 
5 . 0 4  
i.17 

i.03 
V.W 
i.m 
L.93 
i.02 
i.04 

..an 
;.Ob 
L.03 
I.78 
..?E 
,.a9 
i . 0 0  

-38 
..Ba 
..19 
,.as 
..a2 
..a5 

0.m 

3 .eo 

- 

I 

- 
c-n.rca ted 
L ~ F  rlm 
*,l@ 
lb/s.e 

- 
50.99 50.98 
52.9 
31.90 n.m 
28.84 
3l.w 
Y . 9 7  
S . 9 7  
34.83 
11.0s 

39.94 
31.02 
30.97 
Sl.28 
39.97 
Q.50 

QJ& 
*.sa 
34.16 
50.07 
30.80 50.88 
S%lU 

".a8 30.01 

5 0 . u  
s.75 

28.w 
28.86 
28.75 

29.s 
9.48 

m.s1 

3:z 
3l.a 
q.p8 
sl.u 

U,Q 
' 3x71 
a.52 50.8s s.45 
11.40 

0.65 
11.Sl 

J0.01 31.U 

Jo.01 50.84 a.53 
a$.@ m.bC 
29.98 50.83 39.89 
50.74 - 
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(a) Side view. 

Figure 1. - Installation of XT38 turboprop engine in  w i n d  tunnel. 
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(a) Fmnt view. 

Figure 1. - Concluded, Installatian of I338 turboprop engine in w i n d  tunnel. 
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3 160 

S ta t ion  1 la 2 3 4 

I Torquemeter h 0 u s . u  

I 

Inlet-air   duct  

J 

Figure 2.  - Cross section 

-Flight engine mount 

Pmbee 96atlon 
1 l a 2 3 4 5 6  

!Chermocouple 6 0 0 6 19 0 20 
Static pressure 16 20 4 8 0 0 10 
T o t a l  pressure 27 27 20 20 5 12 29 

6 

-TurbFne 

z& turboprop engine shaKing Lacration of components and. measuring statians. 

. . . . .. . . 
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0 Total-pressure  probe .. 

0 Static-pressure  probe 
e Thermocouple 

( A  1 S t a t i o n  1, duct  inlet .  

(b) S t a t i o n  2 ,  campressor 
I n l e t .  

(c)  Btation. 3, compressor 
m t l e t .  

Integrat ing   tota l"  
pressure  probes 

(a) Station 4, turbine 
i n l e t .  

( e )   S t a t i o n  5, turbine (f).Btatlon_-6,exhau_st_ . 
o u t l e t .   n o z z l e .  

Figure 3.  - Schematic  diagrams of instrumentation  stations  viewed f r cm upstream. 
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c 

0 
(D 
d 
M 

(a) Correc ted   tu rb ine- in le t   t empera ture .  

F igu re  4 ,  - Effect of   cor rec ted  shaf’t horsepower on engine  performance a t  
var ious   engine   speeds .   Al t i tude ,  15 ,OOO feet; flight Mach number , 0.303. 
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(b)  Corrected je t  thrust .  

(c)  Specific fuel coneuHrption. . 

Figure 4 .  - Concluded. Ef fec t   o fcar rec ted   shaf t  horsepower on engine  per- 
formance at  various engine  speeds.  Altitude, 15,000 fee t ;   f l igh t  Mach 
number , 0.303 . 



32r 

13,600 27 e 
Figure 5. - E f f e c t  of corrected  engine speed on corrected air flow. Altitude, 15,OOO 

fee t ;  flight Mach number, 0.303. 
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13,600 14,000 i4,406 . 14.800 1s 200 
Corrected  engine  speed,  N/&, rpm 

(a) A l t i t u d e ,  5000 feet; f l i g h t  Mach number, 0.30. 

F igure  6. - Engine-performance map. 
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PI a 
m 

a 8 

' 1600 : 

800 

3200 

2800 

F 2400 
LC" 
\ 

14,000 14; 400 14,800 15,200 15,600 
Corrected  engine  speed, N/-@, r p m  

A l t i t ude ,  15,000 feet;  f l i g h t  Mach number, 0.303. 

Figure 6. - Continued.  Engine-performance map. 
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( c )   A l t i t u d e ,  25,000 feet; f l l g h t  Mach number, 0.291. 

F i g u r e  6. - Continued.  Engine-performe.nce mep. 
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14,400 14,800 15,200 15,600 16,000 
Corrected  engine  speed,  N/-, rpm 

16,400 

(a) A l t i t u d e ,  35,000 feet; f l i g h t  Mach number, 0.301. 

F i g u r e  6. - Continued.  Engine-performance map. 
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( e )   A l t i t u d e ,  35,000 feet; f l i g h t  Mach number, 0.438. 

Figure 6. - Continued.  Engine-performance map. 
P - -  
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(f) Altitude, 35,000 feet; flight Mach number, 0.557. 

Figure 6. - Continued.  Engine-performance map. 
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(g) A l t i t u d e ,  45,000 feet; f l i g h t  Mach number, 0.294. 

Figure 6. - Concluded. Engine-performance map. 
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Figure 7,  - Effect of engine  time on engine  performance. 
Altitude, 25,000 f ee t ;   f l i gh t  Ma.ch number, 0.29; average 
corrected  engine  speed, 15,110 rpm; avera.ge corrected 
turbine-inlet  temperature, 2185' R . 
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(a) Altitude, 15,000 feet. . .. 

(b) Altitude, 25,000 feet. 

Figure 8. - Effect of turbine change on engine performnce. Cor- 
rected engine speed, 15,610 rpm. 

.. . . 
. -~ - 



NACA RM E53L18a 35 

'! 3200 

2800 

Y 2400 

2 2000 

B 

cu e 

8 m 8 1600 
,e 
% 
+.' 

4 
'CI 

1200 
J 
0 
0) 

0 800 

400 

0 

(a) Corrected shaft horsepower. 

Figure 9. - Effec t   o f   a l t i tude  on engine  performance.  Flight Mach 
number, 0.30. 
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Figure 10. - E f f e c t  of a l t i t u d e  on compressor   and   tu rb ine   e f f ic iency .   F l igh t  
Mach number, 0.30; cor rec ted   tu rb ine- in le t   t empera ture ,  2200° R. 
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1 .o 
(a)  Corrected  horseparer. 

Alti tude,  ft 

(b)  Specific fuel consumption. 
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Figure 11. - Effect of component performance on engine  performance; 
correctea  engine  speed, 15,500 rprn, corrected  turbine-inlet tem- 
perature, 2200' R; f l i g h t  Mach number, 0.30. 
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Figure 13. - Effect of f l lgh t  Mach number on engine 
performance. Altitude, 35,000 f ee t  ; corrected 
turbine-inlet  temperature, T4/e2, 2300° R. 
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(b) Altitude, 35,OOO feet. 

Figure 14. - Effect of blade angle on windmilllng  speed at various true airspeeds. 
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Figure  15. - V a r i a t i o n  of c o r r e c t e d  air flow with cckrectea engine  speed for engine  
i n  windmi l l ing   condi t ion .  
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Engine  windmill ing  speed, rpm 

(b) Operation with second fuel con t ro l .  

F igu re  23. - E f f e c t  of a l t i tude,   windmil l ing  engine  speed,  and fuel sys- 
t e m  on engine starts. 
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