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>~ ~er~orma~ce s i m u l a t i o n  p r o g r a m  tbr  the  t u r b o p r o p  errgh~e P T 6 A - 6 2  wh ich  ~s m e  ~" ~wer 

prom o f  {~-~e irs~ Korear~ i n d i g e n o u s  basic  t r ame v  K T  I_ ,,,~,., r l o t  o e r f o r m a ~ c e  

p red ic f iom d e v e l o p m e n t  o~ an E H M S  ( E n g i n e  H e a h h  Mom{or~f?g S s s m m  amx m e  ll~gh~ 

s /muht{ol .  Charac te r i s t i c s  or c o m p o n e n t s  i a c [udm~  compress~ors. [urt'm~eso p o w e r  m r m n e s  am~ 

~he col~sla[l[ speed p r o p e l l e r  were r e q m r e d  m r  me  s teady  s~a~c and  ~ranslem oeMormance  

a m  I?~is with on  a~m o f f  des~g~ pom~ anal}s~s. In most  case~, these were subs t i t u t ed  liar what  

scale~ l ?om s imi l a r  engine  c o m p o n e m s  c~mrac~eHsucs with {he scal ing law. T h e  aeve~oped 

~ r o g r a m  was  eva lua ted  with the p e r f o r m a n c e  da ta  p r ov ided  by tile e n g m e  mamm:~c~urer a~d 

wm~ anaiy~,s resul ts  o~ G A S T U R B  p~ogram,  which  i, well ~ n o w n  ro~ the p e r t b r m a ~ c e  

sm]mat~o~l o f  gas  ~ u r b m e s .  P e r l o r m a n c e  oarame~ers  such  as m a s s  flow ram. corn pressor  p re s su re  

r a u o  fuel t low rme.  soecif ic  furl  c o n s u m p u o n  and ~urbme /l?le~ l empe~amre  were 3 iscussed ,~ 

c v a | u a r e  ~alidil } o t  the deve loped  p r o g r a m  a~ va r i ous  cases  T h e  first case was  the ,e~ , eve] ~a~r 

s t a n o a r d  c o n d i / i o n  and  o the r  cases  were  cons ide red  wi th  var ious  a l t i lm[es  {li~rht ve~oc~I~e> a n o  

par1 l o a d s  wm~ me  rang~, b e t w e e n  idle and  | 057  ~otat~ona/ spee~r o f  the  ga~ g e n e r a t o r  ~ u~e 

u a n s i e m  anal~s~s, lhe ( o m m u l b  o f  M a s s  F l o w  Meflrod was uHhTed unde~ the corlditio{~ ~l~a~ 

mass  s to red  ~>e~weeI~ t o m . o r i e l s  Is ~g~oreo and ~he t low c o m p a ~ b i t l t y  ~ satisfied and the 

Modif ied  h a l e r  M e t h o d  was  useo  l o t  m~egrat~ou o i  the s u r p l u s  ~orque. f h e  u 'ans~em pe r f b r m  

a n t e  a*~a/y,<~ for  v a r i o u s  fuel s chedu le s  was p e r l b r m e d  Whe~  the  fuel s~ep increase was 

cm}~/dered the o v e r s h o o [  o f f i ce  t u rb i ne  in{e~ t e m p e r a t u r e  o c c / l r r c l ]  / I o w e v e r  in case  ,,, sa~,m 

mc~ease of  the fuel longer  tl~ar~ s~eo mcreasc  o f  the fuel. tire o v e r s h o o t  o~ | he  turb i r } (  m~et 

mm I~eramrc w a s  effectively r educed .  
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/ x {s  [ R o t a t i o n a l  s p e e d  o~ ga s  generar , ,~  

[{~ Fora[ D r e . s u r e  

~{l? P r e s s u r e  r a ~ o  

}g[;>( ~pec'~f~c thel  c o n s m r p ~ o n  

~ H ~  Sha/~ H o r s e  P o w e r  

7"IT l u r b m e  I n l e t  g e m p e r a m n .  

7 ;  / 'o~a/ tempe~ a m r e  

a Isem r~,pic e f f i c i ency  

N t ~ b , ~ e r i p ~  s 

( 2 ( / o m p r e s s o r  

( ' T  " ~ o m p r e s s o r  T u r b m e  

C.} ; ( e n t N f u g a l  t o r t e  

l). D e s b m  p o n t  v a l u e s  o f  s c a l e d  c o m p o ~ m m  

#] ~ A r m l r a r  3 m a ~  v a l u e s  

M.D.  : | ) e s ~ g n  pom~ m a p  v a l u e s  ,~ o r i g i n a l  

c o m p o n e m s  

] Air  

,. C o m b u s t i o n  ga,, 

m : Me( h a m c a /  

. ~. '~ , lnpressor  m let 

" ( ' m n p r e s s o r  exH 

" . v ~ ,mpressor  m r b m e  i n l e t  

a } P o w  r m r b m e  m i d  

> P o w e r  t m % i n e  e~dt 

1. i n t r o d u c t i o n  

A p e r f o r m a n c e  ~ m m / a l i o n  p r o g r a m  l, ' ,~ t h e  

PFdA. 62 t u r b o p r o p  e n g m e ,  wn ch is the powe~ 

p r o m  o~ m e  ffrs~ d e v e | o p e d  r a m r a r y  b a s i c  ~ r a m e i  

K T  | m R e p u b l i c  o f  Korea .  has  b e e n  r~-, t a r e d  ~br 

m o i e  m 'ec i se  p e r f o r m a n c e  n r e d i d i o n  a~M deve l -  

, , p r o e m  o* t he  b I I M S  a n d  d~e f l igh t  s i n m / a ~ o r  

H o w e v e i  Because  m o s '  ~/er{k)rl~?gti/ce a n a L - , ~  

p ~ o g r a m s  o f  e n g m e  m a n u i h c [ u r e r s  ~e  p r o p r i e -  

tary.  ~he> are u a ~ a / h  m ~  p r o v i d e d  , d~eir 

c u s ~ o m d s  T h e r e l b r e  mos~ a i r c r a f t  d e v e l o p e r s  

need ~heu  o w ~  a n a l w , ~  ~ools  for de{a i led  per- 

w r v m n c e  a n a l } . , .  ,~,ld d e v e l o p m e n ~  of e~mm- 

mer i t s  r d a l e d  ~o t h e  enzyme Fhe tk>llowing li~era- 

r a r e  r ev iews  ~he h i s io rwa~  b a c k g r o u n d  o f  gas  

u r b i n e  s im~la l~  ~wL 

q n o n - h n e a r  a n a l o g  s i m u l a t i o n  of  a /g5-- /3  

m r b o j d  u n f r e e  was  d e v e l o p e d  Dy S d d n e r .  e ,  ak  

1972 The  ~u<~}, m d i c a * e d  ~hat m a t h e m a t i c s  

r e p ~ e s e m a H o n  u s i n g  t h e  d} n a m i c s  i n h e r e m  in  ~he 
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conserwmon eqm, mons;  and  e n g i n e  g e o m e t r y  wi{I 

p r o v i d e  a be t t e r  ~ im~l l a t ion  t h a n  ~hose u s ing  corn-  

p o I / e m  r e p r e s e n t a t i o n  a n d  Imear~zed  a y n a i m c s  

5e ldner~ e l  a L  ~972 

hs o~Mer ~o ~,ptim~ze t h e  Lhrus~ r e s p o n s e  ra~e 

m ~ ,dne le  s p o o l  t u r b o j e ~  S a r a v a n a m t m o o  ;m~ 

M a s ~ s a a c ( | 9 7 3  used a h y b r i d  c o m p m e ~  T h e  

d i g i t a l  c o m p m e r  w a s  be t t e r  am~ed ~o s~ore ar id  

access  u a [ a  s u e d  as  c o m p r e s s o r  :tm~ t u r o / n e  c~la/ 

a c / e H s ~ c s  w h i l e  {~m a n a l (  g c o m p m e r  ca lCUlated  

l he  m ~ e e r a I i o n  o f  ne t  l o r q u e  s i lo  n u m e r o u s  rnBl 

u o i /ca l  m n  a n d  d iv i !  i o n s  l b r  t h e  re p r e s e m a u o n  o l  

m e r m o c y n a m ~ c  v a r i a b l e s  S a r a v a n a r m m o o  am~ 

M a d e  iac_ /973  

P o t  s~rnu[a tmg u~e s teady  s~a~e and  d~ n m m c  

per~{~rmai, ce o t  ru th{ge l  a n d  ~urbot?,m e n g i n e s  

, e e n e r a t i z e d  chg~ta/ c o m p u t e r  p r o g c a m  c a l l e d  

D Y N G E N  w a s  d e v e l o p e d  b3 Se l l e r  a n d  D a n i e k :  

1975 A m o d i f i e d  t ' u / e r  m e t n o d  to s o l v e  ~he 

dffl 'hren~ial e a a a ~ o n s  w h i c h  m o d e l  t h e  ~ ~ nam~cs  

o~ u~e e n g m e ,  was  use~  Se l le r  a rm D a n i e l e .  

}97~ 

P a l m e r  a n d  Y a n  (1985 d e v e l o p e d  a gene~a-  

ize,~ m o d u l a r  d i ~ t a ~  c o m r m l e r  c o d e  c a l l e d  

F ~ } R B O T R A N S  ~br ~he s t e a d y  sta~e a n d  t r a n s ~ e m  

p e r f o r m a n c e  s i m u m ~ o n  of  a r b i t r a r y  ~as  t u r b m e  

e n t r e e s  wi th  ~rb~tra~, c o n t r o l  s } s m m s ,  t h e  con~ 

i r ~  s~s~em o f  a g i v e n  e n g i n e  m i g h t  euns iM o f  u F) 

~o 4 c o n t r o l  u n i t s  e g, m a n  fuel  a ~ e r b t ~ r n e r  me~ 

a n d  b o t h  b y p a s s  a n d  m a n  nozz , c  a r e a  c o m r o l  

:mus  P a h n e r  a n d  Yah_ I985 

F U R B O ( ' A [  ~ ~ d~g~tal c o m p u l e r  p r o g r a m  tha t  

~ m u l a t e s  t he  on  d e s i g n  o f f d e s i g n  a n d  ~rans~em 

p e r f o r m a n c e  o~ a l b i t r a r y  gas  t u r b i n e  confibmra..  

l i o n  was  d e v e l o p e d  b y  D o u g  ins ~ / 986}.  T h i s  nro.. 

, ,ram per l lo rmed  a l s o  r ig -~es t  ana l}  ~s o~ ~hree 

e ~ g m e s  h~ o r d e r  to  o b t a i n  n a m s r / ~  s o m g l o n  :}g 

~he dynum~c  equa~on~;  h~  ~ t he  i r a  r~len~ oert 'orrll  

a n c e  s h r m | a t i o u s  the m o d i f i e d  Hnle r  m e t h o d  , ~  

/lSe~d DO~2~aS~ I~#g6 

~;chobe/r~ d aI I994 d e v e l o p e d  a m o d ~  {arb 

~ t rac tured  ~urmia*~on c o d e  c a l l e d  , } K T R A N  

w h k h  was . ~ p a b t e  o f  s u ~ u / a t m ~  the  n o n - l i n e a r  

d~ nam~c  bd~av~or  ol s 'mgle  a n d  m u l l i  s p o o l  core  

cub  nes m r n o i a n  e n g i n e s ,  a n d  p o , v e r  g e n e r a u o n  

s  t u r b i n e  e n g m e s  Schobe~r  et a /  ~*#94 

~ v c e  m i d  1990"s...~ p r o g r a m  o f ( i t ) ~  (~raoh ica~  
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[ s e t  In te r face  m e t h o d  h a s  bee~  i n c r e a s i n g .  U s i n g  

S 1 M U L I N K  m e  d 3 / n a m i c n o n - l i n e a r  m o d e l  o f  a 

s~: g / e -  sha[~ m d u s t r  ial  gas t u r b i n e  w a s  devek~ ped 

b> ge~ tocchL  el a[ 1996 I h e  m o d e l  c o n s i s t e d  o~ 

m o d u l a r  s l r u c m r e  r e p r e s e m m g  i n d i v i d u a l  e n g i n e  

c o m m o n e m  a n d  was  c a r r i e d  o u t  in s i m p | i f i e d  l b r m  

BeHocchio et  M, 1996),  A l s o .  l o w e r  case  a 6 5 M W  

nea ,  y - a u ~ y  gas  t u r b i n e  ~[an t  m o d e l  .va, des-  

crH)eo using S ~ M U L I N K  by ( ' r o s a .  el  al 199g 

{ r~s~ el a k  199g). 

( J A S T t  I R B p r o g r a m  o f  (} U1 me~hod d e v e | o  Ded 

b> K u r z k e ( 1 9 9 5  ts u p o a t e o  ,~> v e r s i o n  5 . u  H~ 

1900 am~ u ~s w i d e l y  used  as  w e l l - - k n o w n  pro~. 

g ' a m .  G A S T U R B  s imu~a te s  m o s t  o f  ~he v o m m o n  

e n g i n e  ~ypes: n v x e d  a nd  unm~xeu  turbo{M-., w~lh 

o r  w~thou~ b o o s t e r s  ~ u r b o s h a  {s w { l h  o r  w a h o u ~  

ne.a~ e x c h a ~ g e r s ,  a nd  o n e  shaft  and  ~wo sha i t  

t u r b o p r o p  e ~ g m e .  Mso~ G A S T U R B  s i m u l a t e -  

a I m ~ b u r n e r  and  c o n v e r g e n t / d ~ v e r g e m  m zz~es m 

fie ~ur~)Q~e~ ~nd m i x e d  f l o ~  [u rbo~ im t h e m e  

~Hnu~a~/o~ K u r z k e  ~995 

['he d e v e l o p e d  p r o g r a m  ~e~r s~eady sm~e a nd  

~rar~s~em per fo rmar~ce  a n a l y q s  m th i s  s w d y  w a s  

c o m p a r e d  will? the  p e r f o r m a n c e  d a t a  o r o v i d e d  oy 

Q'~e e n g i n e  m a n u / a c t u r e r  a n d  ~he :ma~ysi~ resu l t  

~? G A S F U R B  p r o g r a m  to e v a l u a t e  whed~er  fl~e 

d e v e l o p e d  o r o g r a m  ~, a c c e p t a b l e  o r  s o l  

[ I ra  p e r l b r m a n c e  ana  lys~s w a s  s e p a r a t e l y  carr~- 

c-u m a t  ~hc d e s i g u  p o m L  of f  d e s i g ~  pomps  in 

s tead} sga~e a n d  t r a n s i e m  c o ~ d i t i o n s .  Ef f ic ienc~es  

o f  i n d i v i d u a l  c o m p o n e m s  a nd  l:ne m | e t  ~cmpera-  

r a r e  o~ ~urbille w e r e  s e l ec t ed  ~ c o m p a r i n g  w i t h  

e n g i n e  m a n u { a c m r e r ' s  p e r Q I r m a n c e  daLt  

l he  s t e a d :  s~a~e o u  d e s i g n  p o l m  a n a l y q s  w e r e  

p e r l o r m e d  wi~h a l t i t u d e  v a r i a t i o n  be tw e e n  sea 

level  and  ]/}6D&FP he igh t ,  l ] i gh~  v e l o c i t i e s  b e t w e e n  

r~ N 0 ,0  l l i g h t  roach  numr~er=-0 ,0  a nd  M, N 

OA an  1 pa r{ud  l o a d  be |weer~ 6 5 %  R P M  a nd  / 0 5 ~ )  

R P M  

[~  t h e  ~ r a n s m m  per to rma~tce  aria } >~s {lie s~ep 

mcr~:,:,~: oF Fue~ supp[y~ ~ l i c h  ~s r leeded ~o 

i n c r e a s e  Q~e r o i a t i o n a I  spee(~ f rom i d l e  t o  ~oo > 

R P M  was  u o , s i d e r e d ,  rFhe o v e r s h o o t  o f  t h e  m r  

~in, m~et ~ e m p e r a m r e  a, us c o m p a r e d  wiH~ 

experm~cnta~ da~a p r o v i d e d  ~y ~he e u g m e  m a n u .  

Pae~u[er. [r a ( l au lo~o  t r a n s i e n t  behav io r , ,  wege 

mMvzcu  ~u v a r i o u s  s i m u l a t e d  Fuel s c h e d u l e s  

2. On-Design Perfnrmanee A~,alysis 

Fhe P T 6 A - - 6 2  Free t u r b i n e  t u r b o D r o ~  e n g i n e  ,s 

sce/ectcd ~or e e r t o r m a n c e  a n a l y s i s  in  m~s Mud> 

Fhe s~at ion n u m b e r  and  l a y o m  }br a n a D , , ,  ~s 

,u q l e  des{gn o o m t  p e r ~ b r m a n c ~  ana[>s~s ue{I 

~ m ~ w n  t h e r m o d y n a m i c  r e l a t i o n  h i p s  were  k~ser 

~o c a l c u t a l e  i n d i v i d u a l  c o m p o n e n F s  c~arac~er~s. 

ucs  to  mee~ the  performar~cr p r o v i d e d  By tf~c 

e n g i n e  manu l~c ' tu re r .  

' ] a b l e  I p r e s e m s  t he  p e N b r m a n c e  d a t a  ~ahich 

were  p r o v { d e d  ~y {he e n g i n e  m a n m a c m r e r  ~a e, 

remrence ,  

P ' i rsdy,  ~he c o m p r e s s o r  eH:lc~enc~ w a s  d e i e r  

m i n e d  u s i n g  {he c o m p r e s s o r  r~rcssure r a ~ o  an  ~ ~he 

exH to t a l  f empera~ure ,  a n d  therl  fue l  t ] o w  r a t e  was  

ca lcu la~e~  f rom S.}: . (  ~ e c m r  tae l  consum[,~ 

io~ a n d  S H P  s h a h  norseDowe~ 1"he fue~ 

t l o w  ra~e was  usc{~ m c a l c u l a t e  tun  t a r t an{  / m e t  

~ralb|e | PerFo~mailee data provlded by eng ine MaI~ 

Da~a b 
Var~abk 

Man ~c~ure~ 

.A m~oq~m~r~( "ondi~ion 
Standard ( '<mdim ~ 

Mag }qow Ra~e ~g~ - 3,670 

Compressor Pressure Raec, g.25 

r ('omnressor gxu ~ em ~eraure K 592.4 

Sha{~ Horse P.~e~ ~hr~ 950 

S.P( ,~: k v ' h  . . . . . . . .  

Nozzle [hr( a ~*e ~...2 X}580{ 

Ga Generah "" Rotational qpeed 
3fi20( 

100% RPM 

Pronelter Rotadomd S~eed { [0@ 
RPM 2OO0 

F ~  | SLU]OI I  No.  a n d  H ~ O U I  ('*$ ~I~e sHu e m H 1 e  
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ICIT/F~eFa[tlFe [Fie iU l~U l l f  ~ t~:OrK ~J~ {~]e pOWeF 

u n ' n m e  b~let  [ e m p e r a l u r e  ~1 f h e  d e s i g n  pomL / 

tl~c e l ] ] c i e t I c~  ;[Md { l i e  o r e s s t M e  I o ~  ~ [h i  

coiIshas{o[ ~1~} De a s s u m e d  t r o m  u~e d a l a  -. 

S l l ] / / l a [  c | ] ~ l l ] e .  I [ ] c  I l l '  )//It~ i l ] l e l  p l ' e ~ s u F e  CHI [ ]o  

c a J o u l a / e d  M o r e o v e r  t he  c x h  p r e m a l r e  o l  d~e 

c o m . ) t o s s e r  m r D m e  c:an b~ c : d c u l a l z d  IFOIT] Hse 

t x ) m p r c s ~ t w  H / r b u ] e  l e m p e l a l t l r e  [allc a n t i  [lie 
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ghc , ~ e r l h r m a n c e  c n a r a c ~ e r m ~ c s  a f  t h e  co rn . -  

p r e s s e r ,  t u r b i n e _  p o w e r  l u r b m e  a n d  p r o p e l l e r  
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a )  Mass 1low vs. A~titade 

b }  ( '>mpressor pressme r~ti0 vs  Ah lmde  

a n d  t009t;  r o t a t i o , l a / s p e e d  o f  ~he gas gm~erator  

i t  was c o m p a r e d  wi th  t{he perR~:ma~ee da t a  

p r o v i d e d  by fhe e*~gir~e mamffac ta re r  and  vd~h 

G A S T U R B  ana}ysis results. T a b l e  4 ~md F %  5 

s h o w  d~e ~x:suh o f  c o m p a r i s o n  ;be~wee~ d ~ e m  
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p o i m ~  T h e  r e a s o n  is a s  t b l l o w s  K n r z k e .  1 9 9 9 } :  

- h  ~ . c  d e v e l o p e d  p r o g r a m  / h e  p c r i b r m a n c e  

m a p s  o~ HIe c o m p r e s s o r .  [he c o m p r e s s o r  ~ t i r b m e  

, a ~  ~t~e p o w e s  [ u r b m e  ~trc u s e d  h m  rs 

~ , / ~ S I [ / R B  t h e  c o m p s e s s o l  t u r b i n e  11o~ ra~e  

e H ~ c m [  cv a ~ d  ~  r a n  age: ] x e d  m d  m e  

c o m p r e s s o r  [[IYbH]e l]]a[) iS DO[ u s e d  
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c o m p o n e m  m l h e  d e v e / o ~ e d  program om 
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t ~ A S ' F |  R B  

4. I'ransient State  Perfermaaee  

Analysis 

W / ~ e n  fi~el i n p u t  ~s r a p m / }  , n c r e a s e d  ~ ~c~ 
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K a n m e n [  ,~sale+ @ e  p o w e r  o m m t l  e l  ~he i~,~or s h a l l  
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no~ b e  s m i a b b  R)t ~he r e q m r e d  ~ o r k  b a l a n c e  
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q u e m t v ,  u~e e n g h s e  ~ f f e q < a , ' H d y  b e ' , o n d  [ h e  ~ ,pe i  
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oJ a n  e n ~ m c  

| ' h e  { ' M }  C o r m l a n t  M a s s  b,/a,,~ m e l l ~ o d  m d  

i h e  H ' V  I [ H e r - c o m p { H l e n s  ~ 'oHlm~ rseH~o~/ l~e 

[srln-~ars/* {lsed n u y n a m / c  s i m t l l a H o n s  sn u l e  

i ( V  m e t h o d .  ~ o r k  a n d  H o w  msHTlascll am NK 

K a n s ~ e m  oDe~a~Jo~l e l  a n  e n g i n e  i8 a s s u m e ~  F h e  

| l o w  m i s m a l c h  ,a .~-ed ~o c a l c u s a ~  ~h< r a ~  ~ f  

c n a n s  o~ o r e s s u r e  a~ u*e v a r i o u s  s ~ a r s o n s  m @ e  

eng~ssc,  b y  U{km~_~ a v a l u e  ~o~ s m g r  v o m t ~ o n e m  

v o l u m e s  a i m  a ~ y i n g  {he g a s  ,,,:-, /~ ,~}  h e  

~ t ) r l <  I / ] / s f l l u l c h  b H ~ / h l e d  / { }  CS{H'lla[e H l e  a~ ,~-  

n o n  o f  r o * a f i o n a /  < p e c a  b~ c a / c u l a f i u s  l h e  d~f le r -  

e n c e  b e l v ~ e e n  c � 9  arH1 s u r m m  w{~r~ 

{ l t l / IH}S  { l ' a [ ] s l e ~ l  tJpeggllS@S] r~{" as] e P } t s I l e  ~SitiiS 

/ h e  ( ' M |  r n c l h o d _  i h e  ma~,s s u ~ r e o  be~w'ee~ 

c o m p o F l e l ] l s  o [  ~n ct~gi l le  /S l g g O r e d  al'h{ Hqe c{~n- 

m m H ~  el" m a s s  t i d y ,  s~; u s e d  1o / n b u l a { 2  ~ ~,c - 

1o~ m a n c e  

| [ /  I b i s  S{I.lt l  2 ~h~ ~ ( ~ M |  m e : h o G  v~:~ m / l / z c ; d  

b e c a l l s e  e l  [ h e  a { l v a m m g e s  {o i e m s c e  co l  i- 

m p | a r s e n a l  s smc  a r i d  so  p e r l o r m  J~e c a ~ c m a n o n  

lbT h e  c h a n g e  o f ,  l a r g e  r o l a ~ s o n d  r~eed / n  

/he  C M f  m e l h o d  - , race  @ e  mas~ tlov~ r ) a s s m  7 

lhFOSlgsh [ h e  e t s c h  C o l l l o o n e s } l  F~]o~ i t" l{'l [~tlll 
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T a b l e  7 Steady state a r r iva l  t ime 

Fable 8 Steady qa te  value er ror  

S~S 
Varmble  S-S yahoo 

anMvsis  

Ng {g)R PM) 

~*Z, ~(k~ sec 

rga k~ sec 

T |T  {K  

93.38 94.04 

0 0566 

3.221 

I182.83 

T iP  bar 6 809 

SHP ihp/  688.35 

Y~, Error 

0707  

0.0566 u 

3.415 6.023 

1132.46 4.258 

~ 935 0 472 

69g g I 518 

an ~[eraHo~ p r o c e s s  ~or m a t c h i n g  m a s s  Flow 

neeoeo .  

The  w o r k  d i f t e r e n c e  b m w e e n  m e  c o m p r e s s o r  

and  t~e  ~urbine m the  H~ans~em s~me c a n  be 

e x p r e s s e d  in  fl~e t o t | o w i n g  e q u a t i o n  S e | l e r s  and  

D a n i e ~ e  t 975 ) .  

'N~ 2/) 
g d]V 

w h e r e  m o m e m  o f  i n e m a  t :or ~he r o t o r  i n  H~.~ s tudy  

Fo r  p e r f o r m a n c e  a m d y s i s  o i  the  ~rans /em state.  

the  r o t a t i o n a l  s p e e d ' s  i n c r e a s e  or  a e c r e a s e  ~s 

c a / c t d m e d  by i n t e g r a t i n g  t he  s u r p l u s  t o r q  ue o l t h e  

~econd ~erm o f  the r i g h t  h a n d  s~de e q u a t i o n  /n  

~his s t udy ,  the  M o d i f i e d  E u l e r  me~hod  w a s  used  

~or m m g r a t m n  ( W i l l i a m ~  1992) F i g u r e  x s h o w s  

the  f lowct ta r~  o f  d~e d3 n a m i c  sm~ulaHon p r o g r a m  

by t h e  C M F  m e t h o d  

F o r  p e r l o r m a n c e  a n a G s i s  o f  t he  Lransiem s ta te  

vari t~as fuel f low s c h e d u l i n g s  were  a s s u m e d  ior  

a c c e l e r a t i o n  f r o m  d i e  R P M ( 6 4 % )  ~o m a x m ~ u m  

c ru i se  c o n o ~ i o n  R P M  9 3 . 3 8 %  o f  ga s  g e n e r a t o r  

r o t a t i o n M  speed .  Fhe li.~el i n c r e a s e  r m e s  of  O.l~ 

0.7. 2_0 a n a  4.O seconds  w e r e  c o n s i d e r e d  a nd  0 7  

ST~T 

C ~ ; ~  ~ ] 

. . . . . . . . . . . . . . . . . .  2 

Z..:TZ / 7 71 
~ea~ ~ S  ~om f}T ~ I 

~r 

/ 

........................... E T Z Z 7 2 }  

I . . . . . . . . . . . . . . . .  

v a n  

blo~  char[ o |  l ra~slen[  analyb15 program 

s e c o n d s  was  e x p e r i m e n t a l  c o n d i t i o n .  In c a s e  o f  

0.7 s e c o n d s  ~wne mat m e  r o t a t i o n a l  speed  oF {he 

ga s  g e n e r a t o r  and  m e  s b a ~  h o r s e p o w e r  reac  

hed  m e  s teady  s ta te  was  c o m p a r e d  w~m H~e 

e x p e r m ~ e m  re su l t  A l s o  t h e  v a l u e  o f  s, e a d y  s~a~e 

a m u n m e m  w a ,  c o m p a r e d  w i t h  d~e resul t> o f  p a r t  

l o a d  p e r l b r m a n c e  a n a t y ~ i s  a t  9 3 . 3 8 %  R P M .  Fhe  

r e s u h s  o f  c o m p a r i s o n  s h o w  in T a b l e  7. T a b l e  ~; 

a n d  V g. 9. 

Fhe  de~ .e lopcd  p r o g r a m  m r  t r a n s m m  ana lys~s  

c o n I r o l s  II~e fuel  t ]ov ~o k e e p  the  t u r b i n e  i n l e t  

t e m p e r a t u r e  oH I400K ff II exceeds  / 4 0 0 K  o~ 

o e y o n d  [he b o t m d s  of  , , p e r a t a b l e  2omponen t s "  

c h a r a c t e r i s t i c s .  

A c c o r d i n g  m d~c a n a l y s i s  r e s u l L  u s i n g  t he  r a m p  

fuel  ~ c b e d u l i n g  m o r e  m a n  4 , e c o n d s  ~or a c c e l e r a  

~ion f r o m  O 4 ~  R P M  to  9 3 . 3 8 %  R P M  c a n  r educe  

~he e x c e s s i v e  ove r snoo~  w h i c h  can  m a k e  fi:~dure 

o f  ~he ~u rb i ne  b l a d e s  
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<~ g~ a3 
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a: e < o _  

O;e~ ! 
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(a) Fuel flo,s rate vs. Fime {b RPM vs  "lime 

4m 

a 8 8 tO 

(C) SHP vs, Time 

Fig .  9 

~ }y]rl 

}t~3o 

o 

( d  Turbine i nb t  Temperature vs. 7h~e  

Results of transient performance analysis with Nel increase 

5, C o n c l u s i o n  

A p e ,  fb rmance  simulafior~ p r e g ! a m  tbr  the 

PT6A..-62 t u r b o p r o p  engine,  wMch  is the  pewe~ 

p lan t  o i  tile first Korem~ ind igenous  basic  t ra iner ,  

was developed.  The  design po in t  pef fo t rnance  

parameters  of  P T 6 A - 6 2  were de te rmined  b y  

comparb~g wi th  eng ine  m a n u f a c t u r e r s  per form-  

aiice d a m  The  developed p r og r am  was evaluated 

by c o m p a r i n g  with eng ine  p e r l b r m a n c e  da ta  a~d 

analysis  results  of'  G A S T U R B  program,  which  ~s 

well k n o w n  l~>r {be pe r fo rmance  s imula t ion  0 f  gas 

t u r b i n e  h? the  steady'-state analysis ;  tiaere ~e re  

var ious  c a e s  such as rake off cond i t [om fligh~ 

cond i t ions  inc lud ing  v a r i a t k m  of al t i tude a n d  

flight M a c h  mtmber  a:rtd par t  i0ad  condi t ions .  In 

d i  cases; the  m a x i m u m  error  was wi th in  r easom 

able  value. FOr the  t r ans iem analysis ,  the  C M F  

M e t h o d  was mi l i zed ,  and  d e  Modif ied  Eu]er  

Method  was used f'ot h~tegradon of  {he surp lus  

t o r q u e / n  this  analysis ,  there  were ~wo case s  suet1 

as d:le step fl~el increase schedu l ing  and  dxe r a m p  

fhel increase  s c h e d u l i n g  ~n the  case of  s tep %ei 

Copyright (C) 2003 NuriMedia Co 

increase, the anal ~ sm resum~ were compared  , ~ }  

~he test results  aBd the  excessive over shoo t  of d~e 

comi~ressor t u rb ine  t n b t  ~empera~ure occurred  ~n 

o r a e r  ~o d i m i n a |  the overshoo~ in me m r m n e  

in/el  mmperal:ure, me  |ue/ mass t~,a., mus~ be 

increased m r amp  vv~h lhe [m'le mterva]  over  s 

seconds. I towevm ~he o p m n a [  comro~ ~ecnmoue 

is required ~or sail? operauor? ~m~ fsst  resao~se 

character ]sues  ot {he engine  Kong,  e~ al. .  ~999 

A c k n o w l e d g m e n t  

]['}le atHhors would  like ,o express lhe~r ~snk- 

m financia~ supporf  H-ore Agenc~ ~o] F)eRum~ 

D e v e l o p m e m  A D D  support .  2000 
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