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Thermal Influences in Gas Turbine 
Transients - Effects of Changes in 
Compressor Characteristics 
N. R. L. MACCALLUM 

A DS'I'RJ\ CT 
Duri nv transicmts of a1.ial-flow r.as turbines , 

the charctcteri,:;tirs of' th(e compres,;or are altered. 

The <0hanr�es in these ehD-racterlsties ( exrludinr: surr;e 
line chanfces) have been related to transient heat 

trans fer parameters, and the se rel a ti ems ha vc been 
incorporated in a pr0r:ram for predirtinp: the transient 

response of a sinp:lc-shaft aero r�as turbine. The effect of the chanp:e Ln •:omrressor chararteristics 

has been examtned in acc elerations usinv, two alter

native accel er'1 lion fuel schedules. Whi:m the fuel 

is scheduled on comrressor del iver'y pressure alone, 

there is no increase in rredicted acceleration times. 

When the fuel is scheduled on shaft speed alone, the 

prcr]irted nrr,elerrrt_i,)n times rtre 1nr�r0r1st=?d by abrnJt r) t 1 t 1 p(� r r er t. 
NOMENCLATURE 

2 

A - fl ow area 

c - rhord c0 specific heat at constant pressure F rci. U ,, of he'1 t. transfer to fluid to work 

transfer from fluid in an element of a 

compressor or turbine 
h heat transfer coefficient 

k thermal confuctivity of fluid P, distance frorr, leading edge 

m index of non-arliabatic compression or 

expansion 

M - mass flow ro.+.e or rluid 

N rotational speed of shaft 

P pressure 

Pr - Prancltl Number Q heat flux to fluid in compressor or turbine 
T temperature 

y bl'1de height y isen trorif' index T1 srr:all-stat�e, or pnlytrop1c: ef'ficlenC'y µ viscnsity 

c)ubsc ri pts J, ;i inlet to , outlet l'rnm compressor 
ave 

lar.: 

th 

turb 

avera1;e 

laminar 

throat 

turbulent 

INTRODUCTTCJN 

Tt is important that reliable methods are 
devel ()ped fr,r the prediction of the transient behaviour nf r;as turbines. b"ur example, ,'lne wants t.o be 
able to predict the speed response and the thrust 

response uf an aero gas turbine when a given acceler

ation fuel schedule is appliecl. 

The earliest programs for the prediction of the 
transient performance used enuilibrium characteristics 

for the components, and ir:nored heat transfer effects. 

However these simple prrip:rams seriously underpredicted 
the times renuired for the speed and thrust responses -
Thomson (1)1 quotes underpredic'tions of 20 to 30 per 

cent for acceleration times. 

The discrepancies between these simple predict

ions and the observed acceleration times have been 

attributed to one or more 0f the following factors: 

( a ) heat absorptions in the compressor ( s ) and 

turbine( s) 
1 Underlined numbers in brackets designate references 

at end of paper. 
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(b) heat absorption in the corr.bustion chamber 
metal 

(c) incorrect tip clearances in compressor(s) 
and turbine(s) durinf'; transient 

(d) incorrect seal clearances during transient 
(e) lag in combustion process. 

Fawke and Saravanamuttoo (2), after making 
reasonable simplifying assumptions, have included 
factor (a). Thomson (1) makes an estimate of the fuel 
flow equivalent to the-difference between the increased 
fuel flow and the observed increases in kinetic energy 
and exhaust energy flux. This is then deducted from 
the fuel flow in the acceleration schedule used in the 
prediction program. Thomson also inriicates melhods 
of predicting heat transfer to combustion chambers, 
tip clearance changes and combustion lap; - factors (b}, 
(c) and (e). Maccallum (3) has illustrated how seal 
clearance changes in transients may be predicted. 
Sxcessive openings of critical seals may cause 
si p;nificant increases in cooline; air flows, which will 
result in proportionately less gas passing throur;h the 
hip;her pressure stages of the turbine. Also,the 
effects of these flows, if they return to the main 
flow in the turbine, may have to be considered (.'.!_) to (§i) . 

One factor whirh has not previously Leen con
sidered is: 

(f) the chanp;e in the compressor characteristic 
due to the transient heat transfer. 

A theoretical investigation of this aspect is 
reported in the present paper. Jn aclrliticm, there is 
an assessment of the heat transfer correlations, and 
of the simplifying p;e0metric assumptions that have 
previously been used. 

HEAT TRANSFER IN COMPRF:SSOKi AND 'I"JHBJNE:; 

Heat Transfer Correlations 
For flows in compressors and turbines, Fawke 

and Saravanamuttoo (�) have used the Colburn 
Equatl on 

hy k M o.R 0.!1 0. O?) ( __l'_) (Pr) Aµ. (1) 
This eciuation is valid for developer] flow. !lriwever 
the flow over the aerofoil or a blade in o compressor 
or turbine wi 11 be far from developed. A new 
bouTl':ary layer has to be started at the leading ede;c 
of each blade. Consequently it mi,";ht be more reason
able, say for the compressor, to use Lhc flat plate 
C'orrelations for developinp: laminar and turbulent 
layers. Thus for a laminar layer of length £, the 
average heat transfer coefficient is given by 

(2) 
and for a turbulent boundary layer 

In a compressor, it might be assumed that the 
boundary layer on the pressure surface was turbulent 
throughout its length, while that on the suction 
surface was initially laminar, becc)ming turbulent. 
An average heat transfer coefficient might then be 
given by 

0.25 hlam + 0.75 hturb 

Comoaring the predictions of' eriua ti ons ( 1) ar.d ( i�) 
indicates thJ.t the values of coefficient given by 
eauation (l) are typically at least 30 per cent lower 
than those tciven by equation (If). 

The above expressions have i gn,Jred the influence 
of turbulence in the main flow. Turbulence intensities 
are known to be hir-,h (B to 10 per cent). Twc recent 
studies 'Jtl typical turbine ( not compressc)r) blades 
show that such levels increase the average heat 
transfer coefficient. Drown and Burtun (9) indicate 
a 60 rier cent increase in average heat transfer 
c oeffic ien t for an h1creas" in Lurbu lence intensity 
from l.B to 8.(i per cent (intensity defined by root 
mean square of fluctuations, n ormalised by free stream 
velocity). Bayley and Milligan (10) show increases 
of sfoiilar nature but depencline; onthe frequenry oC 
the turbulence flue tuations. The r:rnge of increase 
in coefficients was from ?O per cent to H10 per cent 

for turbulence intensities varying be Lween 111 and !1f1 per cent. It is suggested thereCore that a 

reasonable practice to adopt in calcula Linp; hea. t 

transfer coefficients in a compressor is to use 

equation (11) with the coefficient inC'reased by Co 
per cent. This practice has been adopLed in the 
present wrirk. 

For turbines, fortun'l tely there is rr,cire ex per i -
mental data available f�ivinr; 8Verap;e coef fic i enLs nn 
blades. For example Halls (_'.:_!) quotes 

he k 
Tt is sup;p;ested tha L where experimental cnrre la ti.inc; of this nature are available, these should be used. 
In the nresent work, heat transfer roeCfirients weree 

calculated from the abc)ve equation. IL is interesLinr; 
to noLe that the predictions of equation (�). when 
ariplied to typical turbine bla:Jes, p;ive coeffiC'ients 
whlrh have to be increased by about go per cent tn 
bring therr. into line witb the experimental correlaLioCJ 
of equation (5). This mar;nitude of increase nrovicles 
support for the increase uf f)O per ccent rel'.)mmended 

for the compressor. 

Hepresentation o:' Blades during Temperature Transients 
C)everal models have been sup:p:e�3 Led ( i;:i) for 

rep re sen ta ti on of blades durinr; tempera turc transients. 
f<:aC'h of these is adequate for sneed transients, and 
so it is recommended that nothinp; more sonhistic:ated 
than a simple "unfinned" model is required, in which 
the aerofoils and platforms are represented by 
separate plates of equivalent total surface o reas and 
thermal capacities. To m<ike s:Jme allowance Cor the 
thPrmal contact between platforms and the devices on 

which they are mountecl - disks or casinr:s - in the 
present work the platform thermal rapacities have 
been increased by 50 per cent. 

CHANGES IN COMPRESSOR CHARACTERISTICS DUE TO HF.f1T 
THANSFER 

!lavinr; established heat transfer rates, two 
effects are now examined. The first results from 
chanr;es in the development of the boundary layers 
on the aerofoils, particularly on the suction surfaces. 
The second is due simply to the alteration in density 
of the air at a plane, resulting t'rom the heat 
transfer from, or to, the air in the section of the 
compressor up to that plane. This results in an 

alteration in the local ratio of axial velocity to 
blade speed. 
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Effect of heat transfer on Boundary Layers 
In r;eneral tem1s, heat transfer f'ror1 a wal 1. t'l a 

boundary layer jncreases the rate at which the l;:iyer 
develops. The effect is more severe in the presence of an adverse pressure p;radjent . 1'he transition 

rerion is moved up s tr�am and, in cases where the 
bounrlary layer separates, heat transfer reneral ly 
accelerates the process (PS, l"'). This advanro err.ent of the senara t lnn prii nt was observed expPrimentn 11 y, 
and was also predicted by a procedure bilsed 'Jn a 
modi f'ied momen tum inter;rc'l equati,Jn. 

These finrlinf"S have heen anplied (1�1) Vl the flow 
in an azi;il 11ir rompressor. It is snr:r;ested there 
that heat. transfer from the blades to the ai,-. has 
little ef fe r, t on the develnnment of' the layer on the 
rressure surfaces. !hwever on the sucti•)n surfaces 
the prediction method 3hows under certa i n c ondit ions a s ignificant increase in the disolacement thi ckness 
in the vicinity of the trailinp; ed;�e when the heat 

transf'er is to the a.ir. This is illustrated oualita

tively in Pip;. 1. In this case the anrle of depar tu re of the flow on the suction s11rfarc wi 11 llc increased ( anr:les measured from the axial directi on) due t0 the n:ore rapid displ,acement thickness development. TL was 

Al>JAB ... TIC DISPLACEMENT THICKN[5S 

Fir:. 1 The ef'fect of heat transfer frmn a "hot" 
compressor blade on boundary layer deve Lnpment ( Ref. l'J) 
then assumed that the averaged increase in the leaving 

anp;le from a "hot" blade will be one half or the 
increase in the inclination or the line thro11p;h the 
boundary of the displacement thickness cm tt1e suction 
surf'ace. Thus for a "hot" blade there wil l be a 
reduced deflection across the blade row. If the blade 
is "cnld" there is the possibi l i ty rlC incre�1sed 
deflection. These chan,;es are predicted to take place only l[' the flow is near t0 separating, i.e. when 
there is significant positive incidence. In reference (Fl) these ef'fects were incorporated in a progranr for 
predi cting the compressor characteristics. This 
program also assumed that the wake losses in a non
adiaba tic situation corresponded t,, the 1 osses in the 
adiabatic case where the incidence to a blade row 
produced the same average leaving angle as in the non

ad iaba tic case. It was predicted that these boundary 

layer changes cause the constant speed pressure 
characteristics of the compressor to be displaced, and 
also cause movement of the surge line. 

Effect of density change due to heat transfer 
This density change due to heat transfer alters 

the ratio 0f axial velocity to blade speed, and hence 
alters the working points of the stages. The effect 

this has on the compressor constant speed pressure 
characteristics and surge line has been predicted in 

4 

references (16) and (l')). 
Chilnges in Compressor Charar, teristir s 

Tn the present work, a sixteen-stap:e axial flJil 
c()mrresSOi' of a single-shaft aero e:as turbJne, of rr.axirnurr. �ressurc ratio�)."-), was se lected for st'Jdy:in� 
these e:':ects. 

The thern1al res:innse of' the c ·in1nressor to ,,n 

ilcrcelerati'Jll was first predicte J, each blade row o:' the rnmr;rPssc-'r beinr,. treated iridivi1l11ally. The 
temocrature diff'erenr,es between the ilir and the a ero f'nj 1 surfnc:es, and the hen t fluxes, were then 
included in the pror'.rarr f'or nreriirti nt: the performance ,-if' th<e c'xrrrressor. l'rcdicted eh;irarteristics :ere 
shown 1)n Fir�s. ?, �) cn1d if f nr the ('1;ndilions existin� ... 

durinr'. the acceleration when the c ,>rr,pressor is at C)Cl ilnd ')'1 per cent res1'e'' ti vely nf the maximum c�peed. 
The preclicte<i charJ r teri stic s in which both hnundi1ry 
layer chanr,es awl clensi ty C'hanp-es rlue t,1 heat 

lran.sf'er are nc:cn1Jnted f'or :J.re representeci by <;hain d11lteri lines. The �t1rresrinnci]nr: C'haraf'teristj('S 
when only the \Jrnmd;iry layer chunr:es are allowced for 

are indieated by the rJ;is!Jed lin es and the adL1batic 
charaeteristics are shown by the sc'licl lines. It is 

seen that, in alJ 1.:ases there is a .shi!'t of' the sriee,1 
line, the maJ or contributor to this disnlacement 
Leirw the clcnsitJ nh<.H11�" resultirw: fr>m heat tri'insfer. 
The predicterl acliabiltic surr'.e l i nc is shown, as nre 
the predicted St:rre terrriinations of' the norr-rtdiab:c',i'' 
«l1ilrc1cteristics - in the nrcsent work the de f\ niti •)n 
adnpted for the lor·ation ot' the :.__:;ur;�e posj tiot' i3 tlic point where the rressu r1' charanteristiC' has il rnax i rr,urn. 

l're•licted chararteristics at speeds ·,r fh and '�1 per cent durin� deccleriltions from 100 per cent �n�ed are also shown on 1-''if:,S. '"'1 and =')· a �------------------, 

Fig. 2 

1 

5 

4 

60 UNO ARY LAYER \ + DENSITY CH ... NCE _\ EFHCT5 
""-. / BOUND"R� ""-. LA�E � EFFECTS / " ONLY � '/ ,"\ ,,._ - :... ),._ ..... ,, .\ �-... ' . ,._,c, ,,.._ ' ' ' \ �t- ·� '\ \ • 

.;,>''t' "'�/ ·, \ \ \ <,, • \ • �v \ \ I \ 
'J" '--,,-) \._____,__. BOUlllDAR.Y DfCEL. ACCE.L. LAYER +DENSITY CHA1<tC.:E EFFfCTS ADIABATIC 

8·0 H <J·b k9 ...,'- (K)� sec k.N 
Predicted effects of heat transfer on 
compressor characteristics during acceleration 

and deceleration at sea level-N/jT1 � o.85 x take-off N,(f'T1 
The movements of the surge lines are important, 

and one case has been discussed in some detail in 
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� 0 11'1 II\ UI O{ Q. l: 0 (J 
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7 

5 

BOUNDARY /, BOUNDAR'< LA'<fR /+ LA'<ER EFFECT5 ,;L- . .............: +DENSITY ONLY / ·� CHANGE 
�- - .... ' ·" EFFEc.TS 

� ' ,  \ ,.,f· ;__ ' ', 
'i''Q� ""/j--/-- . -- . .... ... \ \ �' � " ' \ � q..C> • ' ' \ \ .,,;) ' ' \ 80UHOARY \ \ \ \ LA'l'E� · ' \ +l>E/\151TY \ 1 \ . CHANGE EFFECTS \ \ 1 \ 

Y\'--v-' DE"CEL. \ Ace.EL. ADIABATIC 
9.o 9·8 10·2 IO·b ,, kg rn.,_ ( K) 2 sec kN 

f1rcdicted e:�--c<'LS c1f ht�a \-, trari.'.';'."'·)r <Jn c: orrnress cir ('h:-lrac't,cr i ;:; ti e�j :hirinv acr'e], r-·:,1 
and def'elerat,ir1n at sea level 

N//fS O.'JO x take-off' N/ftl 

rcf'erenre ( l':). 
d is r' ussed !'llrther, ;qJart irnrn ;-:;i�a Lirir� thn t dur ir:g �n1 
ae<"eleraticJn o: � ncold!' en�ine the .;;1 ;rGc ljne i:...-i 
bencfjrjalLy moved by the heat tr::ms f'cr. lluriiw ;i 
rleceleraticin, de1.eri.ration ·)r the si;rye: li:lf: i:� 
predic ted. 

The r::rivement .,f the ronstan t :>peed line is 

irnnortant to the present inves tiva Li rin of' trarn;i en t 
response. Examination of the results shown in Fip:c;. ? to !J sur;r;ests that the transient r:harar: t,eri sties 
may be re1�arded as beinp: simil ar t1i the eri u i libriurn 

charar:teristics when the cornpress·1r is runninr'. 

adiabatical ly at a speed •li fferen't by, say, /\N from 

the ar:tual soeed, N, of the compressor . Thus the 
" aerodynamiC'" or effective speed of the comnrf-�SS1.->r 

is ( N + LIN ) . The correl ation of these "sneccl c han1�es '1 
with relevant transient par<irneters is dlscussP.d below. 

RELATION OF CHANGES IN CON�>TAN'l' CiPEED CllAF\J\r'THU::Tic�; 
TO TRANSIENT PAHAMETERS 

The chanr;es due to the two e f fee ts - bo1 mdary 

layer and density changes - are considered separa Le l y. 
Firstly, es U.mates were made of the r:hanr�es in 

effective compressor speed, /'1N, c"rreswmdinp; to the 

d ispla cements of the ronstant speed c harac teristics 

shown in Figs. ? , :s and !1 clue to the boundary 1 ayer 
effects. Grant (1)) has shown that, for a given air 

temperature, c:han f':eS in boundary layer deve lopment -
for example movement of the separati.on point - are 

pr oportional to the temperature di0ference between 

the surface and the air. Therefore the chanr;es in 
speed, LIN, found above have been plotted, in 
normalised form, against this ter1pera ture dif ference, 
normalised by the average temperature in the 
compressor. These results are shown in Fir:. 'i. 
The correlation is not good, but bearinfc in mind that 
the rcovements due ti') boundary layer effects are snall, 

to 

9 

5 

7 

9-8 

BOUNDAR'< L AYE'R E FHCT5 / 50V"IDAR'I' 0NL'I' / r LAYER 
� 7·---( - "" + DE>ISITY CHA!iGE [HfCT 

10·2 Mff; 
Pi 

... ' ' ' \ 
\ 

IO·b 11·0 

\ \ I 

k9 m1 (K)1'z. sec kN 
11·4 

l'ir. '· Predicl.cr1 cl':'t-::ct:J of' hedl trarister or; 
(:-m,pressor characLeri;;Ljcs d ur ir ip: :-i.n ;t cceleration a\, s ea 1 evel 

N/JfL 0.')'1 x t;ik<?-nt'f' N/ffl 

+ 

-0·12 

( N/[f,) 5't'M&OL ("V'ff.lt.J<e. off 0·85 0.90 0 ·95' 

-0·04 

+0·008 

+0·004 

-0-004 
Fj f�. !1re,li��ted chanc�es i:� nef'!'Pctive11 s;:x:ed ct' 

eornpressnr durinv t::'ans i en t,s due tci bnunr.iary 

layer effec:ts 

the fol J owtnr: rela\.in1r, illustrated by tnc s··i LJ J tc1C: on Ji'j r:. '; wn.s odupted -

('".N) 
N bocmdary layer 

- U.00'! (']'aerofo il - Talr
) T

ave l .? (u) 
In a si1 ,ilar manner, estimates were made of the charwes i.n eff ec Live compressor sneed dJe trl the 

density chanc;es resulting from heat trans;'er. These 

are plotted m Fi1r,. G ap;ains t the heat flux rer unit 

n1ass of' air. A muc h betl�cr correlatic:n :.s fr:und 
:':ir these c hances, represented by the ex pressi on 
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\x y O·SS x 0·90 \x + 0·95 \ x 

-0·08 

fQ.Olb 
e�N�density choo'lt +0·012. 

(Q/M) Tavc l:z. 0·04 

� .... .., y <. 
�;5.�'". h Pred:ieterl ehanr�es in ''ef'fective>t speed uf' 
(' ,�>r:,r,ressnr duri nf,.. Lrci.risi ent.s du(-:i t,) der t.Si ty r·h:tr1!';e 
rE:.)sul Lir:.�� !'r(Jf�'. hr�at transt'cr. 

t\;J) den�� i_ i,\' r· }-Wllf";I-' (r) 
These eYprcs�;i C)n::; have been inc'1)rp()ra ted in t,he ,r.�lS L11rld_ne tran.::;icnt nrof(r<u di0(�U.'.::i!:�(:!1l later. 

Tl' the ratiu. 1•', rif the heat tri•nsfer to the air t.,i the work transfer :·rorn the id r in an e lernent. uf a 
C ' l)moress . 1r ren1air1s r:nnstant alor ig the eompres.sr)r, then i 1, has beP.n shown ( r() th;1t. the index of the ai·tual 

r· urnnress inn pa th, m-:- is re 1 ;_i led to the i ser itropi_ c 
imlez hy 

rn - 1 (l - F)(Y - 1) � -y-
The correswmdinr relation for turbines is 

Ill - 1 
rn 

( 1 le ) 'T1 .Y._::__2 ' y 

(H) 

('J) 
This sirnnle analysis has been included in the �"0:-i S turbi,ne trt1.;1sient pr0�rH.m d j SC:USSed later. rrhe 

analy s i s pr,-Jri1wes resul tf) virtuc::',lly 1 denti C'al t(J 

those lei ven by the method adopted hy Thorr,son (.l_) • 

23TMT)LIFrnD THEHMAL REf'RE:1c:r.rrATJiJN OF COMPm:s:101rn AND T1ffi11Tl'll·::· 
TdeR 1 ly, in ternneratu re transients, each row of 

blades in th� "Om;-iressr)r, ()r t11rhine, shnuld be 

treated separately as blade dimensj'.-}ns vary f'rum row 

t•:i row. H0wever this r:re�atly r'ompl ir Rtes the 

incl us ion n:· t.herrnRl effects in r:as turbine transient 

prograr;�s. Tt wollld he much more satis;'actory if an 

representative row or blades . or fRilinr: this, say 

two nr f011r ref)resenta ti Ve I")WS. rr1he row, or rows 

6 

the �rinrorrJate therrR1 1·a�)<lJ'i ties. rihe ClC(;urac:; of S,J1:1e f'orn1 ')f si1np_Li!'i ed. Y'enr�.sen to. -t,i r_1n bas !Jeer: a�lses[�e1J in the prese11 L worK by C ·Jnsirl erinp; the ;_icce lera ti,-in nf' the si :vteeri-sta��e azj:�l e.1rr111res�-� ·r pr'=vi ·1.sly di�cussed. The predicted tut,:1] :·i11;;es 1)f' he0 t. per :nli 1. :1.ass '.Jf air, to the 
tnet-:-1 l ot' tbe c;, n�1pre0sor :-1re c rr.nflred on Fig. T :'or 
the three r:a.':_je.s .1;· eornp1�te r1;w l·:l r')W representati--:::rl, 
re ore sen ta ti on by '.'our chci rile Leristic- r,Jws and 
rcprcsent·1.tlon by a sinf�Le ch;1rarteristic row. The 
; ' ·:-J1:r - rnw ��h)del is very satis:·aC'tt1ry, d iscrepanc ies 
t;ein1' typically less thcin • pc?r "ent. The sin1·lc ':'COW 
re:-,re:;enLa_ti:Jn i.'.J l ess ar,c:)rate hc·Wev er and heat 
t.rcin;;;'er rates are rive':'predictcrl, partic u larly durinr: 
the l:t�3t ? scr:· nds of the snee(l transie11t, when the 
nJ�;cre�i�-u1cles range [r\)!ll 10 l11 P1 ner ePrit. ::i ..., 

!::: i:! :z ::l >< "" ::> ..., _, u. CL 
I-< Ul :r 

Fiv .. 

40 sv.,soL 

20 
IQ 

0 0 

RfPRfS£�TATION EACH Row l><D1'11DuALL'i' 

FOUi{ CHAR4CT£Rl!,TIC R.<>W5 51"11'.;Lf CHARACTElllSTIC ROw 

2 4 b TIME SHO"I05 
1.J:1lidity u:' sirnoljfied representatic)n of a 

sizt,�en-�ta��e axial c(m1press,,•r in a ternpera tu re 

transient - predicted therw1! resp·.mse to an 

ac:cPli:.·r:.ltir1n at, sea level. 

Tn 'Jicw however of the either uncertainties in 
the inclusion ,1!' heat transfer in ,cws turbine 

trc1n;;icnt predil'tion pru'.;edures, it is cunsidered that 

the sinp:le bl.CJ.de row representa tiim is adeauate for 

r11.1s,, purp1,scoc;. The transient. prop:rarn used below 

uti L i.ses sinr�le-row represent.atirJn. 

l'ni':flICTED i':FFFC:'J\'l 111,' HE1\T THM13FEH IN GM: TURBINE 

THAN�3Tl':l.J'r m:::roN�-JES. 
A nro1rram was prepared for pre dieting the 

transient response of a sinr;1e-spool aerc' gas turbine 

engine. The engine used the sixteen-stap;e azial 

c"mnressor whr,se transient characteristics have been 

analysed in the previous parar;raphs. 

The speed transient prograrr, incurporated the 

facilities discussed above for including non-adiabatic 

compressions and expansions and also allowed for trrn 

displacement of the constant speed lines on the 

cuwnr2ss0r' s c haracteristics. SinR:le-row re')resent-

a tion was used for calculating the heat transfer rates 

in the c' 0mpressor and turbine. 

The transient response has been calculated for 

acceleration s at sea level using two alternativ e 

In the first the fuel flow is a function ot' the 

cornnressor delivery pressure, as illustrated in Fig. 8, 
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1.2 

0·8 

0 ·4 

/ / , / 
.,,.,,,,,. � EQu1ue.R1UM - • -- RUNNING LINE 

/ ' 

0 .__�.._���...1......�������-'-��__J 200 400 600 800 (OMRE"5SOl2 OUTLE:T PRESSURE" kN/rri1. 
i•1ir1:. 8 f-,J'C'eleration "qp} SC'hE:di1}t? 01A" - runctjrir1 l_)) "<1n:nr 2ssrir n1J t 1 c�t pre-ssure. 

awl in the secnnd tho f"«el flow ic; u runcli"n or· tt1e 

engine shaf't-sneed a.s ;�iven Jn F'i;r .. q. 

1·2. .., � -� 0·8 � 0 .J u. 
...J 0·4 w => u.. 

0 

I 
I 

I ACCELERATION I �ME Dull: 
/ / ---·- \_EQUILIBRIUM RUNNl"I<; LIN£ 40 60 80 100 ENC.ttH: SPEfD, As PERCHrrA<;( OF MAXIMUM 

Fig. 9 A cceleration fuel flow SC'hedule "ll" - f\rnrcti"n 

of engine speed, for acceleration at sea level. 

The predicterl responses to the acceleration fuel 

schedule based on pressure are given in Fip:. 10. 'l'wo 
starting speeds are considererl - �f, per cent and 

50 per cent of maximum speed. Pig. 10 shows the pre

dicted responses for the :'ollowing assumed situations: 

( a ) adiabatic compression and exnansicm, (b) with heat transfer to compressc)r, but 

ignorin!l; movement of C'haracteristic, 

r :> I: >< <( L IL 0 ..., \j � t-z "' 
u � LoJ 0. 
0 uJ UJ a.. 1/1 w £ \j z w 

100 -
90 
80 -
70 
60 

30 0 l 4 TIM[ b SECONDS 8 
Fifr,. 1() 1�rc�diC'Lcd �lee1_;Jcrat.jrJt1S .::.1�, '."";P't ]e'Ji:l :::-·[ :·uPl srbed1.1lc 11f_.,�' - '.'1Jl1f t,jrn1 nf' cz1�r:r,re::-�s:n· ()1,Ll•::t 
nrcs:::"3ure. 

( c) 
(d) 

wi Lh heat tran�; f'p r· Le ,. ', 1111nress(;r, :;_r,!l j1w!11rlirw r:1,'), pn,�nt , . r·!1arcJ e teri st, l (',. "' 
wi Lh heal t r.�1 n:-; Cc r to '( 1niprcss1_,r· ;·c11J 
turbinE:, aIJd rnnven1ent c.f' r;";rnprcss ,r 

characteristie ;-l(:eounted f1)r. 

10 

'l'he res11lLs shrM that Lhr; inclusion nf' he;�t trn.t1sCer r:u10i:s o. 1.l] i;-rht lenr;thPnin1� nf' th0 pred j !' ted rir·r,cJeratirH1 times, btJt this am•ntnts tc) nnly <J.lpJUL 
1l per eent. Tn1;lusion 1.)f the f'hant�e in comprt:�ssor 

1·hara" teri c;t ic:s prncluc:e�; no "l tera li:rn in the predicted 

ac:r·eleratic1n times. 'l1he i1red icted !"8SD()nses tr, the accelcrn_ t.,i 'n t'uel 

�3r·hedule c-Jaserl 1_)n shaf't !lpeed are viv�ri ir1 f·':i1�. l l. 
Inelusion (1f' heat trans�'er in the r: nmnrPSSor �·lnd 
turbine ap:ain leads tn an irwrease in the pred i e Led accPlerati on tirries, thour�h the ch<Lnr-,.e is on1y .:ihciut 

-,. to 1! ner <:e11 L. However there is a sif'.lli f'ie:t:it 

chanr�e when the alterat\,>n in f:')m11ressor chu.ra('ter

istics is iritr<Jch_:wed. This increrises the predi_(·ted 

acr:eleralhn tirr.es b.v about a f'urther 'J to , -, per cent. 

The 1:1ap:niturles of" the C'hanges in predicted 

accelerati•m limes due to t,he inclusion of hecit, 

trans fer in the comprec�s;w and turbine ( but if'.llodnr 
r:1,mpressor cb;;rac:teri :-;ti r rharwe ) are sirnil:cr to these 

reported by F;iwke and ;-'.aravanaP,uttoo (.'._'.) 
CONCLW>ION:o 

Transient heat transfers alter the chararler

istics of axial flciw r' ; •mpressor s . 'l'he chanp:es in 

characteristics can be arproxirr•a ted by us inf' the 

concept of changes in effective speed, and these 

rchanges can be correlated to heat transfer parameters. 

The techni�ues have been applie d to a single

shaft aero c,as turbine. When the r;as turbine uses an 

acceleration fuel schecl1Jle which is a function solely 

of C'OmpreSS'Jr delivery pressure, inclusion of the 
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'·'if. 11 l't'e•lirtc·d rH:eelerCJ.'..innc; �-t seci level usirw f'itcl ��('hedule "n)l - r11r!l'tl.)n 'Jr· f�r11�in1:: sncec:i. 

10 

('rn;1prcs�-;1n" r·h:1raeterlslie :tJt·�rlltir,n j11 Lhe cn11;i11t.:: 
tranSiPnt, [W0f'.r'1ffr prOdUC'eS n•) r•h:Jn/cO in the prcdir (eel (i('!'P,]r�ratiC>n times. H >wever whcYJ the r:r:ns LurtJiJV .... ' 
uses an 3.eceler0�_,i_:_Jn :''ue1 Sl'h(;ilul'� whjr:h i!J a f'unc:Li')tl 
solel :; or shal"L srecd, the rr.,dir·t.ed ru 1·cl1"ratinn 
t in1es nre lenJ\thPncd ·by 11 to (; per cent hy :Jl]ow i nf� 

f,)r thP. r:h�1nr-f? in lhr::� f:t)nipres;:inr eh;Jracterist,ic'S. Tn c1 del'f�lerati rn, wi t.h the f"w::l c;chedriled on the 

shar·t c;need, the predict.er! rle<:Plerati rn Virne w:n,ld bci 

e1. tended. He�1 t, transfer �orrr:l:Jtiun;.; hav� ht-�en cr)rnnareci and recnr!lnif'11ei:1 ti0ns r:ire �::a.de. :Ji.mcil ·j (·1��d thP.rr:-!::i.l repr�se11ta ti·n;;, Df' � 
·· <)rnpre�-;�.;ryr hetve been 0ss·�ssed. n.nd ;-:_ sj nr�le- blade 
represer1tritlun is ade({uatt� f'nr ri•Jst, f'llrnrJsc.s. 
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