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Off-Design Performance Prediction of Jet Engines

A.R. Azimian

Department of Mechanical Enginzering, Isfahan University of Technology

ABSTRACT- In this paper it is attempted to predict the off-design performance of a jet engine. After a review
of the governing equations, the off-design performance is investigated by two methods. In the first method, the
component characteristic curves of the Gas Turbines are used. In the second method some design point
paramneters and the reference state conditions are employed. The results obtained by this two methods fairly
agree, and therefore, the second simple method which is independent of the component characieristics are

recomended.

J}-J:Lg_i.‘ﬁcku45@!6%}?4__»)&’:33\»:«&‘)):@9#»» dndda
23 b U Tl i 5,15 (6l 58 Glgry 5 Y pams e Slone a8 01 S el (sl b Al bl S oy

O P S W n Gy 55 s I ja s g e an Sl el a5 el e 45 e s el LA s
53 elis Ol e 4 S, a3 S5 g5 b BB Tyl pe S 8 b BB s s )l S o e e S

Laloot

3y
-

Y4y YPVY o5 ) ophed AV Jle (IO



kil 5o JS glos emd Tp O 9K Lz
Gt O 5w (sbes

gwF S e T 3o yeeS 1S
[E{NE [T | C FCIVI Iy 7 s oS
Syl £ sles i

sy S Sy onlesh e CJLM)J £ les s
e S sntest M s yeaS S Gles s
)J""J:"’S)ww e )yﬁdﬁéb:w
OmoF Sl el Ty Cf" ki o

T
Po sPoyPoy I8 C“i’ (_‘-L‘—“ A
TosToyToy 3o ol Lis 255 6l f  Cpa
We b La s sl S Gy
W, RPN
7 Sty F
D CJL ied paliy  Fp
T R
TeD s 2 by MEP
(a2d3)3,93) Ohyss ce . N

Slgioe (golos 3l oslimad b sl S35 53 el 0dd ealizad 5
D553 33 3 gm 233lp b Al s 5 Sles (4 gl Luadeda
bulps 5 lges 5 dlasl b 5 aabedin glgmionie Jlaslinal 0 o 92
j‘w.:ﬁwdQJJ‘CJLM@G-J_’gj.«;&comw'yj‘
g ob) el el i) 90 gl dnlie 5 L5
b Wi o)l 5 Shes 00,51 s > g b Ol e

J}.&uﬁﬁ\f@j

30 93 S A e g 5 Y
S s S il o S48 les Waasedn S, — il
(Bt U ) s praS (3555 J5le ilibea (ghl Julid
S (b anzlpe [0] e ) Sl 0 2 5 s B JiU ey
Al io glgmes ghls Gl 5 4bas Ll 51 S a
Ol 7] pmrre 23 ) anadedin lgriosin o 31 o lad g
835 g b BlE G ) 5 S b iy S adlie
b Slepmt 5 o) g S Aaadedis Glgroia TS
1 ) gy 53 ile go 2l o)) g BE cal 5 e o1 b
S X g o br il dadd Slgioen 59 2 G B )b
S5 855 3 prr Sl ol g8 3 el b oS e |y T 0
C by e =Bl Sl L 5 S el 58 s 5
s Glsp a2 Ll Gslie )y 5 5 oS

SIS a3 L i g n (23 5008 4y e S

VEVY 5585 ) oyled 1Vl oSNz

SR PP PTRCE Y JURE Vg S8 sy
blys 5o sl o Slap <l a bgrpe o 4 b
SR sl g 5 gyl 33 5l b i b 008 iy 4 b gy e
2lie b ls zelly Koo 5 ot g 2 uaben b un coa3ls ey 3
St gyt wials St aly 5 g5 b e o aby e
Ol Jau y5 5L slei)y 35 3 Shas oy ciliden gla el
eyt [V Wl Je 0l s &5 il 4355 oy poo ki
el 4zl O 3 Jeols Slid il 5 (g0 gla 2l
o o oy a2S51 o305 Shos 208 [Y] SlaslSs
03,5 gy 3 ot 38 Ly 55 by ks p ity baoy i g
2 20 38 a5 3 Shes s 4 [¥] 55l 8 e
Ll Calisea (gl palyly 31 g sl azstls 5L aes Il
DS s closhs S8 cay 3y 50 b Sk 5 Sl oS S
sty Sl [F] 0 gudny s~ 5L 58 Ko s
235l 5 o S Ol cbos o = L3 i iibe ilbe
5§ oGy gree ol ilides LS 5 Ses L) 1!
Bl 5 SHIG 53 sl by 350l los S oy 55
5 b A 4 o T s Olie 51 GR35 " 23
Ol g any 45 cond (lalian pl 5 ol Sl 50 Glofa s nal
33l 3 g om0 )bl OF g Bl oyl 50 3 Shas s
FIRTC TR R KO P PIC PRV | SOVPP- JE VIR PV

LSL‘:’O‘:'X)J; J_r{l.«.& L}'ZL?J.)‘ Ls‘xmuzjj_pj‘fé" s

“Y4A



s ypeS B 038 oo ST 1) B8 )l g S 500 S sl
b (S gl s 55 9

solE e 23 olEs g e b 0l 5 0 -0
g slae (%:"“)c i gy Al b (3555 Sled
labin govea 835 51 5 03,5 dpmloes bl—;f’—:ﬁw RO
gt (-‘-“P‘:%K)T TRUN T IR P
0l ol el 5 dslone (m—llg‘-’l) SMaa 55 51 S o
o) et 3 el 48,8 ) 4o 3 il i gy (S sles
hobles Lo ol 5ty @l bbb o)

SEEEN

Slgsoe i, (Lanadedn jlosldiul God) p53 Foy— o
Slgois oS a el 585 "y onsly o sl dnadele
OB el 55k pren o AT A5 il Sl s aatds
=y 3 el slgi [A] gl 5 IV] Rl b 5 oS 5
B3 33 Ly ool 45 ol el 3 g eslizd o o 5
S aadie lgseve 4 5 pde Jds a4 Jy o)l ], Jl
e 45550 3 0b o s ol 59 S r bl el
Mol adies 5 cudi palie 5058 e 24 2ol JWlS
= o — Bl GUl = gan a8 ASle Cilibes (gl glaesls
TP B )yl 53 Weajly fie) 5 on o258 2l o e 5 50
53535 33 Ol (o5 e G2 3 b Al s Laesl aliee
0o Sl g3 658 Hlitd 5 s LS Glgy s

el Sl HLES o) 5o SLES a5 Les il 3 5 o0
.\SJLAJ:{U‘CJ_L%@L} &l el_fj._aca-ja <Jl=
S T s TO 45 4S A3k azdls sy £ (T,) = conmst

Zra»)bo_)y&):c,ﬁ)\.iéw‘,ba@
f (@m) = £ (rp, Ap) = const (\)

Ll b e 53 5L iy Led Cd S 5 D 4T S

P e d b doly e 23 P 20 Fbb

144

oy siin (gl 5 g e S 31 48T 0l ga Glee B % SO0

S 55 5L @slis ¥ i ol g e oyl i

oo S ) 3o 53 sl g o GAlE SISl ) e S

o b s S Bl 428l 3 gy s S S L0

el el y3 sl 5l i b ol s 55 5 Ul s 5 s A

Al oz 53 el ) s a8 B pan S5 ol 558

0 i oS Aaadudin goie =\ 131 le p e 45l LS

033L 5 Blyrol GUI yo Jlid il —¥ () 55 Laduiie gode —Y

G359 Julyd —F Gl
lewzis iy 5l eslial U b o)ls 3k (e sl

sl 3Oy e 4 HS W daie

a5 b Glgmoin 3 S5 6y = b glakeis -
S 5 el Gl nl b 5 08 o0 Ot ) s yaS
(S o gl el als gmie 6,

A o st ‘% da (g Obss e T 5250
o s ol e |l °>W‘9‘£ﬂjww:%
el laas [F] Sealys ga 5 iﬂeb;olg»f 433k s M:.\gz
pSisn dlonn by ) g a8 05 5 ) clas

b s i ot by oo (Tor) JSoomw &apdey oo sl -V
Lyl BT slas Saaliil o5 gus ypaS s 5 (5los Toy oS
3 3yl Jool 5 Gt ol po (6531 ol 510 58 go p slas
(£) 152 43 @ g i jlie g 9l 535 pieas
g o sl

hPor 53,5 52,5 b Tor ol asulons M o2 23 S35 31—
RAEFOwS 4{%— :-’%‘E’-‘“—ﬁ‘i‘ b S o dmalons

oy or

333b ¢S Jain oy g dnaBmdis Soie (89 S Jldds g3
S35 3 2 g o gl b e poie 605 M e
N5 ey gles it (Tor) dndin los 57y ey 55 5251
S Al [ ol

2 S dlie Wo g eSS L L W oy 55,5 -¥
s iy g 52 cc.u.uf@m‘;_vbdl abdl gsls O e
S geaS fadeia poin $3) b 650 B g slus

VEVY 0 55 ) oyled Y Jla il



C}mdubwﬁ‘jj)f}wwbﬁdujwoﬁ‘f

13y oo Anasloen 5 WUsles 155 0l SLid e (el

7t

e [\_%(\_m} 7~ ) W)

sbea 5L o (29 Mo iy 57 (St 0 b - -0
Bl 2 e b ol Jldie 8108 e dsslons (1) Gl i
028 (8335 33 Shidar Hldde Wb s 4 LSS (V ey S
SIS LV ol e dan 5038

M R 5 b L 5 se gl —

= 3lom gl (o[98 = (SSIS 353L) (o /AT = 51y o)
= a3 (82555 Led) (/AN = Bl S530) (2o Do e
= gy eSSBS Cad) (0 [R0 = g 5 2330) (VYoo
(o INY = 5 gus yoaS Sy 5 550 5330) (V= (83555 533L) «(A
5331) ¢ g S 25 15 HLS o ¥ Bt BLH )
(Voo KES=535,5 5l gp 23) (/8 = ) 5 Sy g 53]

3 LS s o s D pae 55 g cpl pyb el Sl
5 s U e Rl VLYY Sl ) iy
A3l b ol B Il S e 3,50y o 50 Y0 FY
s sleelisl 5 las pazms calt Flo e 3l oy 1S, e
glo e Boeo ol flil 5o s o0 S | Cilise
s 5 4l iy ol il gl eors o i | Sl
332 b ikE by e polieny b )5 g o st
Ol (M) b (V) sledsdr o o) 0 lie sl 5L iy,

leod eals

S a5 Sy ¥
Y 4S5 pd oo iz (¥) 5 (V) 5 (V) sled g i
2 Sl S 5 oS i b B8 sy 52 03 el s 4y gl
2l s WU L pss Sl seen [5 5 0] el
s Sldas do s 4 s e OLES (F) 5 (V) csLe-‘J-k%

YWV o ped ) oglad VY Jlo oD

3

(Y)

>3
-
S

© o b b s Clule Vb gles w4 5 L J
- il 5 )y
2 b (23 MR e pslae e 03 O )
Lo Cd il 83505 las s S o2 b B a e
2555 lpd 655 50 0F HLas e 35d s g2 b ik
a3l oo s 1 0T 0330
3meS e 5 Jola Sl eslinad Uy Lo sl ) s praS 55 -
Sod 45 alo3 S 5 il o 55l o s 4y LSy 5
TP MR 5 5L ) 5 glos i il 5L oy 5 sles
Lol (Kt 2l 53 a5 45 538 g0 G555 3 5 el O
el (8551 Jlar 3t aslizd

Iha Cpa(ToY“ - Toy) = (Iha + I'nf)

Cog Mm (Tox - Top) ()

P MO 5l o3 L s de o sl jzebhly s 1y OF oS

RINARS (,.._.aijs.rha b oaslas

T
Tc- V) _T;“ = fm (\-7y) (t)
Saamr A S My 9 (o) 55 Slos Crnd) Tp 055 Sl
32 g:/..?‘- C—MJL&J J’f’,}f b C}T)LLEA K &Lm‘ LS",.)'U' )‘.LLG ‘.L.w‘)
To 5 (g nS (Slos el ) T, @JJ.MQ&J“}C}M
T e s 4 5 glaadslae 31O HLES s

Tc=\+(TcD'\)X%D' ©)

Ya

7e=[\-7c (Tc- \)V;r *)

Sl G153 033k 5 HLiS sl 03 0 2l (23 0 4 5 L -

Yoo



t‘:h;dsx:ﬁL;c,..gt?&l.&fjlﬁui_”_,aﬁAJIJ.&.:@MGLE&-Mﬁ— v J g

aooo Ooao Oooo aooc Oooo Oooo h
o//\‘f o//\ o/\/ o/? o/a o/’f M
F
\ o [AVYY o [AYYF o[ AAY4 o [AOYY o [A¥AA (F—)‘
D
\ 0/4910 o [AVOY o[assy o [AFEA AR (FF—)Y
D
° VAN O/sY q/vy \y/o \e /v s oy

tb:w,@@qﬁa@,l,auijjjajaa.&yupyﬁﬁud,#@g&d—@ﬁ—Tdj-b:

aooo Oooo aooo Oooa Oooo aooo h
o [N¥ oA ofV of$ o /0 o[¥ M
, Sfc
\ o /440 o [AVV) o [AQAS o [4YA4 o [4V40 (=),
SfCD
. Sfc
A o/490¥ o [A50F o /AVAA o[4 Yoy o [AAYY (=)
SfCD
o o[Ys VA Y/oA ¥/ /10 Uas s s
a..l\.?‘cua.x.oﬁ&L&‘Jlﬁnﬁ'Qui”_;;J:ﬁifﬁﬁwgms-mja—Y‘JJJ.a.-
o[A¥ o [A¥ o [A¥ o [N¥ o [A¥ o[A¥ M
<\ooo Aooo Vooo 9000 aooo 'fooo h
F
o [O8AA o [5VAQ o [VEVA s[NP ED \ Ve fYV (Fﬁ)‘
F
o[VESE o[AoQV o [ASVY o [AYYO \ V/eVe g (—FB)Y
Y¥ VA VY V/A ° Y/o ez 1oy

(/N = o[0) b 4 31 Gl Ol oS iy Lo o A

°//\‘f d%ﬂ.ﬁf&.}{.u\})‘xr&l{c})l&ijuijjj})ﬁﬁw

2 ol dloe glawil iy 4 lie ol Loy Fo Sydo gy ol 2 CL&:)U.»S)C‘—_L»» sde Sl iy 6(\)J;Ja-)ag\.b

ol oo V¥ Jais wil iy las aSTaas o 0SS 35, 50 ﬁCJLlLaCu;xt{jﬂ,&,B)obo/o tum;s

) VEVY a5 o) oled VY Jle oMz



Sy 45 sl et U dima o OLE by stplie iy lis ) s
O e 5 ol 208 s Ut Ao 53 25 g 2 gt I e
s Sblize sl oS el iz sla el 1 U
s g o s
T 3 S 55052 cp3s G303 4Kl 4 e bl 2 52
e85 3 gy oS hadudin Slgsizue 4 0p (S5 Sl 03l
MOT@L'JCJL&B@BM,J% 33d G 3ok 5l g sl
Slye 4 O 5 ol A8, g slowl Uas s ys Vo 5l oy oS
i pls 5 Sas 355l ly OB 5 ol wlo o)

35 03lizal 01§ go b

1. Ostrand, G. G., Inlet Air Filiration," Sawyer's Gas
Turbine Engineering Handbook, 3rd ed., Vol. III,
PP. 9.1-9.14, USA, 1985.

2. Diakunchak, I S., "Performance Deterioration in
Industrial Gas Turbines,"Journal of Engineering for
Gas Turbines and Power, Vol. 114, PP. 161-168,
April 1992, -

3. Korakianitis, T., and Beier, K. J., "Investigation of
the Part-Load Performance of two 1.12 MW
Regenerative Marine Gas Turbines," Transaction of
the ASME, Vol. 116, PP. 418-423, April 1994.

4. Korakianitis, T., and Wilson, D. G., "Models for
Predicting the Performance of Brayton-cycle

VPVY g 008 ) oyled VY Jla o0l

48 sy g i cns pladh (F) Usdor 5o by gun 2 oed S|
elooo L;;,,“CJL&ZJCL&:JIQQ,,“JASJ:.AVOM ﬂ-"ﬁ)‘ﬁ
Oles &y sl (glas e Todzma 315 BBl Loy ¥
Jédguéwawd-@”qd_,.;;‘.j;wl@l:.}.culmja\Y’
35 Glaglis Glas do)s Oliae w35 5090 b s 3l 4
oa o o g5 780035 b B 4w yp 5 058 0 305 A
By Sl bin sl st LG g el pal axdhos g5 ge 2aS
b AR s Ll pslie ln 5 et ol sl bl ¢
Ol o35 55593 b 8 3l 4 pp oty pus S ol
G g Sl (V) oo A ol 2y o5 i) sl

db);@b.&aﬁbwb‘cb;xl{&yuam

exle

Engines," Journal of Engineering for Gas turbines
and Power, Vol. 116, PP. 381-388, April 1994.

5. Harman, R. T. C., Gas Turbine Engineering, 1st ed.,
The MacMillan Press Limited, London, 1983.

6. Cohen, H., Rogers, G. F. C.,, and Saravanamuttoo,
H. 1. H., Gas Turbine Theory, 3rd ed. Longman
Group UK Limited, London, 1937.

7. Mattingly, J. D., Heiser, W. H., and Daley, D. H,
Aircraft Engine Design, AIAA Education Series,
New York, 1987.

8. Oates, G. C., Aerothermodynamics of Gas Turbine
and Rocket Propulsion, AIAA Education Series,
New York, 1984.



