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D E F I N I N G  AND MEASUPING FACTORS AFFECTING HELICOPTER 
TURBINE ENGINE POWEF AVAILABLE 

1. PURPOSE: The purpose of t h i s  Aerospace Recommended Practice (ARP) i s  t o  - 
def ine  a method of measuring those  f a c t o r s  a f f e c t i n g  i n s t a l l e d  power 
a v a i l a b l e  €or  he l i cop te r  power p l a n t s .  These f a c t o r s  are i n s t a l l a t i o n  
lo s ses ,  accessory power ex t r ac t ion ,  and ope ra t iona l  e f f e c t s .  Accurate 
determinat ion of t h e s e  f a c t o r s  i s  v i t a l  i n  t h e  c a l c u l a t i o n  of h e l i c o p t e r  
performance as descr ibed  i n  t h e  f l i g h t  manual. It is  intended t h a t  t h e  
methods he re in  p r e s c r i b e  and de f ine  each f a c t o r  as w e l l  as an approach t o  
measuring s a i d  f a c t o r .  

2 .  DEFINITIONS: Factors  a f f e c t i n g  power a v a i l a b l e  a t  the  engine output  s h a f t  
are def ined  a s  fol lows:  

2 . 1  I n s t a l l a t i o n  Losses: 

(a) Air i n t a k e  t o t a l  p ressure  loss 
(b) A i r  i n t ake  t o t a l  temperature r i se  
(c) Exhaust gas back pressure  

2.2 Accessory Power Extract ion:  

2 .2 .1  Gas Generator and/or Power Turbine Accessory Power- Extract ion 

( a )  Accessory pad  power , blowers, pumps, compressor, e tc .  
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2.2.2 Compressor Bleed Air = t rac t ion :  

( a )  &-Icing, environmental c o n t r o l ,  etc. 

2.3 Ooerational Ef fec ts :  

( a )  Power t u r b i n e  output  s h a f t  speed o f f  optimum effects 

3 e DISCUSSION: 

3.1 Engine a i r  i n l e t  t o t a l  p re s su re  loss  i s  b e s t  def ined as t h a t  loss incurred 
by t h e  a i r  flowing from t h e  atmosphere t o  t h e  f r o n t  of the engine compressor 
i n l e t  housing. It is  normally a t t r i b u t a h l e  t o  f r i c t i o n ,  tu rhulence ,  
d i f f u s i o n  and bend losses. 
a reduct ion i n  engine mass f l o w  and p res su re  a v a i l a b l e  a t  t h e  power t i i rbine.  

Its effect on n e t  power output  i s  manifested by 

A good r u l e  of  thumb f o r  a l l  t u rb ines  s t i p u l a t e s  i n t ake  t o t a l  p ressure  loss 
expressed a s  a percentage o f  t h e  t o t a l  p ressure  a v a i l a b l e  mul t ip l i ed  by two, 
i s  an approximation of t h e  percentage power loss (i .e.  1 % A P t i  = 2% power). 
Each engine manufacturer,  i n  t h e  model s p e c i f i c a t i o n  or computer program 
g ives  the b e s t  estimate performance loss which i s  c a l c u l a t e d  by inpu t ing  t h e  
appropriate pressure loss.  

3.2 The a i r  i n l e t  temperature rise i s  tha t  inc rease  i n  compressor i n t ake  a i r  
temperature above f r e e  stream s t agna t ion  temperature.  This inc rease  can be 
t h e  r e s u l t  of exhaust  gas r e c i r c u l a t i o n ,  l e a k s  i n  t h e  i n l e t  duc t ing  allowinu 
h o t  zone a i r  t o  be  inges ted ,  and/or h e a t  t r a n s f e r  through t h e  in t ake  
duct ing.  This can be  a s i g n i f i c a n t  loss  s i n c e  l 0 C  (2OF) r ep resen t s  
approximately a 1/2% t o  1% power loss  when ope ra t ing  a t  l i m i t  t u rb ine  
temperature.  
rise from exceeding 2OC ( 4 O F ) .  

Good duct  design and loca t ion  usua l ly  prevents  temperature 

3 2.1 Air i n t a k e  t o t a l  pressure  and t o t a l  temperature d i s t o r t i o n  can a f f e c t  
compressor performance and surge margin. The e f f e c t  can be estimated but  
i s  gene ra l ly  measured from an engine t e s t  which s imula tes  r a d i a l  and 
c i r cumfe ren t i a l  i n l e t  d i s t o r t i o n  of t o t a l  p ressure  and temperature.  
I n s t a l l e d  pressure and temperature d i s t o r t i o n  is measured during f l i q h t  
t e s t i n g  of  t h e  a i rcraf t  with instrumentat ion s p e c i f i e d  by t h e  engine 
manufacturer. 
by t h e  engine manufacturer.  AFP 1420 should be consul ted  f o r  o the r  
aspects of i n l e t  d i s t o r t i o n  eva lua t ion .  

Levels of d i s t o r t i o n  a r e  ca l cu la t ed  by procedures def ined 

3.3 Bleed a i r  e x t r a c t i o n  power e f f e c t s  occur when compressor a i r  i s  u t i l i z e d  f o r  
cabin hea t ing ,  a i r  condi t ion ing ,  engine i n l e t  de-icing, etc. It becomes a 
t r u e  power loss on ly  when opera t ing  a t  a l i m i t  t u r b i n e  i n l e t  temperature.  
A t  part  power cond i t ions  t h e  loss  mani fes t s  i t s e l f  as an  inc rease  i n  £ue l  
€ l o w .  On m o s t  engines ,  bleed a i r  e x t r a c t i o n  i s  q u i t e  c o s t l y ,  i .e. 1% bleed 
f low e x t r a c t i o n  costs approximately 2-3% power a t  l i m i t  t u r b i n e  temperature.  

 
Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p1

70
2

https://saenorm.com/api/?name=58685b0c709882e8a02829a27413b775


- 

S A E  ARP*L702 8 2  83573LiO 0 0 2 6 5 3 7  8 

I ARP 1702 

3.4 Mechanical power can be e x t r a c t e d  from seve ra l  sources  such as t h e  
compressor r o t o r  or power tu rb ine  d r ive  t r a i n .  Power ex t r ac t ed  from t h e  
compressor r o t o r  i s  genera l ly  m o r e  expensive than t h a t  taken from the  power 
turb ine .  Power ex t r ac t ed  from t h e  conpressor r o t o r  changes t h e  
thermodynamic match of t he  compressor and power tu rb ine  which remires t h e  
gas generator  speed t o  he reduced t o  na in t a in  the  engine r e fe rence  
temperature.  

3.5 Exhaust gas back pressure  power loss  i s  due t o  the increased  back pressure  
i n  excess of t h a t  imposed by t h e  engine manufacturer 's  d i f f u s e r  (datum) 
t a i l p i p e  r e s u l t i n g  from a d d i t i o n a l  bends, a d i f f e r e n t  e f f e c t i v e  e x i t  a r e a  
and/or t h e  incorpora t ion  of an exhaust e j e c t o r .  A good r u l e  of thumb f o r  
all t u r b i n e  engines is 1% increase  i n  t o t a l  exhaust back pressure  loss  
r e s u l t s  i n  approximately 1% power loss. 

3.6 Off Optimum Power Turbine Speed Power Effec t :  This power l o s s / e f f e c t  i s  t h e  
r e s u l t  of ope ra t ing  t h e  power turb ine  a t  some speed o the r  than t h a t  which 
maximum i n t e r n a l  ensine e f f i c i e n c y  i s  achieved. It i s  ca l cu la t ed  by using 
t h e  engine manufacturer ' s  Performance program f o r  t h e  s p e c i f i c  speed a t  
which t h e  h e l i c o p t e r  r o t o r  system i s  operated.  

4. WASUREMENT METHODS TO DETERMINE INSTALLATION LOSSES: 

Several  methods have been developed t o  measure i n s t a l l a t i o n  l o s s e s  with 
advantages f o r  each technique. 

4.1 The gross  measurement techniaue involves  comparison of he l i cop te r  t u rb ine  
engine measured Parameters a g a i n s t  those same parameters recorded i n  t h e  
re ference  engine t es t  c e l l  c a l i b r a t i o n .  The r e f e r r a l  technique i s  used t o  
normalize any temperature and pressure  d i f f e rences  between t h e  f l i g h t  t es t  
(hover o r  t i e  down) and tes t  c e l l  ambient condi t ions .  I n s t a l l a t i o n  loss  i s  
usua l ly  considered t o  be an  engine run l i n e  s h i f t  a t  a discrete tu rb ine  
i n l e t  temperature o r  i n  some cases  gas generator  speed. These da ta  normally 
involve s t a b i l i z e d  readings of ambient temperature,  p ressure  a l t i t u d e ,  
compressor speed, power t u r b i n e  speed, t u rb ine  i n l e t  temperature,  f u e l  flow, 
and engine torque.  I f  t h e r e  w e r e  no apprec iab le  e r r o r s  i n  measuring t h e  
above parameters t h i s  gross techniaue would be very accura te .  However, i n  
p r a c t i c e  it has been shown t o  be inaccura te  due t o  accumulated measuring 
to l e rance  of t h e  power parameters. The method serves  a s  a quick check t o  
g e t  a rough idea of t h e  i n s t a l l a t i o n  lo s ses .  I n  c e r t a i n  cases with s p e c i a l  
accu ra t e  instrumentat ion se tups ,  it. i s  poss ib l e  t o  achieve adeauate r e s u l t s  
of t he  i n s t a l l a t i o n  loss by t h i s  gross technique. See Figure 1 f o r  a p l o t  
of i n s t a l l a t i o n  losses .  

4.2 Individual  Tsss Measurement Technique: The appropr ia te  approach t o  
determining i n s t a l l a t i o n  losses is t o  measure each d i s c r e t e  i tem/loss  and 
input  t h e i r  r e spec t ive  va lues  i n t o  t h e  appropr ia te  engine performance 
computer program €or  t h e  t o t a l  loss. Calcula t ing  each loss sepa ra t e ly  w i l l  
not  account f o r  t h e  i n t e r a c t i o n  among t h e  loss parameters. 
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4. 

4.2.1 

4.2.2 

b 3  

4.2.4 

4.2.5 

1 

Engine a i r  i n l e t  t o t a l  pressure loss  i s  der ived from a compressor i n l e t  
pressure survey conducted on a f l i g h t  vehic le .  me sampling techniques 
normally u t i l i z e d  f o r  t h i s  survey provide more than adeauate da ta  t o  
calculate an average i n l e t  t o t a l  p ressure .  This i n l e t  loss with due 
cons idera t ion  given t o  ram e f f e c t s ,  i s  then converted t o  horsepower by 
us ing  t h e  appropr i a t e  engine performance computer program. For some hiah  
performance engines high i n l e t  d i s t o r t i o n  causes a d d i t i o n a l  power loss. 

Engine a i r  i n l e t  temperature rise can be ex t r ac t ed  from t h e  i n l e t  
temperature d i s t o r t i o n  survey. However, i f  t h e s e  da t a  are not  a v a i l a b l e  
a i r  i n l e t  temperature ins t rumenta t ion  nu5t  be i n s t a l l e d  and a minimum of R 
t o  1 2  thermocouples ( o r  a number s p e c i f i e d  by t h e  engine manufacturer) 
averaged t o  compute t h e  i n l e t  temperature rise. Due t o  inherent  problems 
with thermocouples, t h i s  type of t e s t i n a  produces a f a i r l v  wide  s c a t t e r  i n  
t e s t  da t a .  Usually many da ta  p o i n t s  a r e  acquired and t h e  r e s u l t s  
averaged. Some high performance engines s u f f e r  performance p e n a l t i e s  due 
t o  i n l e t  temperature d i s t o r t i o n s .  

Accessory Power Ekt rac t ion  and/or Accessory Drive Losses: These losses 
are usua l ly  i n  t he  form of power t o  d r ive  blowers, f u e l  pumps, genera tors ,  
etc. D i r e c t  measurement of t h i s  locs usua l ly  involves  i n s e r t i o n  of a loa6 
ce l l  between t h e  d r ive  pad and accessory or s t r a i n  aages on t h e  power 
supply s h a f t .  It i s  o f t e n  more convenient t o  u t i l i z e  t h e  accessory 
manufacturer ' s  bench power consumption da ta ,  i f  it i s  of a c red ib l e  
na ture .  I f  t h e  accessory d r i v e  power consumption i s  reasonably low, w a l l  
errors i n  t h e  bench da ta  are not  s i g n i f i c a n t .  (Note: I f  t h e  power is  
ex t r ac t ed  from t h e  compressor r o t o r  t h e  value must be pu t  i n t o  t h e  enaine 
computer deck t o  determine t h e  output  l o s s .  Power ex t r ac t ed  from t h e  
power t u r b i n e  system i s  d i r e c t l y  suht rac ted  f r o n  t h e  n e t  enqine output  
power* ) 

Compressor A i r  Bleed Ext rac t ion  Losses: Measurevent of bleed ex t r ac t ion  
is  usua l ly  accomplished by means of a c a l i b r a t e d  v e n t u r i  meter placed i n  
t h e  pneumatic supply l i n e  between t h e  engine and t h e  3 i s t r i h u t i o n  system. 
However, another  approach where flow l i m i t i n g  devices are used i s  t o  
c a l c u l a t e  t h e  bleed flow using t h e  appropr ia te  hleed a i r  temperature and 
pressure. Flow l imi t ed  devices  (converging-diverging nozz1.e~)  normally 
lend themselves t o  reasonable  a n a l y t i c a l  p red ic t ion .  Upon determination 
of t h e  proper h leed  flow, it i s  then poss ib l e  t o  d e t e r r i n e  t h e  loss fror? 
t h e  engine computer program. 

Exhaust back pressure  i s  seen a s  an inc rease  i n  pressure  on t h e  downstream 
s i d e  of t h e  power t u r b i n e  and thus  f o r  a given upstream pressure ,  l e s s  
power can  be ex t r ac t ed .  Because of t h e  swirl of exhaust gases, 
measurement of  t h i s  back pressure  when the  engine i s  i n s t a l l e d  is  
d i f f i c u l t  with s tandard t o t a l  pressure  probes. 
some he lp ,  b u t  h igh  s w i r l  angles  can exceed the  c a p a b i l i t y  of t hese  t o t a l  
probes. The most d e s i r a b l e  measurement technique i s  t o  e s t a h l i s h  the 
r e f e r r e d  engine mass flow versus r e f e r r e d  gas producer speed r e l a t i o n s h i p  
i n  the t e s t  ce l l ,  with t h e  referee t a i l p i p e ,  while measuring exhaust  
s t a t i c  pressure with several wal l  s t a t i c s  a t  t h e  i n t e r f a c e  of the  engine 
e x i t  

Di rec t iona l  probes o f f e r  
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