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Modeling of Gas Turbine Combustion Chamber; By Using Network Method
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ABSTRACT

This paper deals with utilization of the network method to fast analysis of the gas turbine combustors. In this method, a
combustor is divided into several independent flows by some nodes and interconnecting elements. The fundamental
equations which should be satisfied in the network method are conservation equations of mass and energy at each node
and the pressure drop-flow rate correlation for each element. These equations constitute a system of equations of flow
rate and pressure drop. Solving this system using a set of initial value gives pressure, flow rate, and density at each node
that finally leads to a converging solution. The conventional relations for pipes and orifices are used for flow modeling.
In order to combustion modeling, equilibrium assumption is applied in the primary and secondary combustion zones.
The dilution effect is considered by entering the air from dilution holes into the flow of combustion products. The liner
temperature is calculated by considering the effects of convection and radiation in the combustor. By the network
method in a can type combustor, at the first step a cold flow analysis is performed and the flow rate and the pressure
drop in each element are obtained. In the next step by including the combustion of kerosene and heat transfer, the
distribution of flow rates, pressure, temperature, and species concentration of combustion products are calculated. The
computation results are compared with the existing experimental data and an excellent agreement is seen. The quality of
results and the solution procedure of the problem show that the network method is able to present a costly and accurate
analysis to help the combustor designers
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3- SIMPLE
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1- Chemical Reactor Network
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3- Manning Equation
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1- Darcy-Weisbach Equation
2- Hazen-Williams Equation
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4- Crout Factorization



VWAV 5ol Yo lad o) Fale Ladlen SolSe gl — cole aslilad

G S aY e s I3 (M) gilegd, 4l

J&1o 4 () 456 5 (F) adgl loaml jo )Ll Fralwga
Ival spi o oy 0¥

Sygo 4 (P US0) Sliass 5l ool alhase & S0 o

0 lee e b, Lgl.asé‘)}w Sl odls Joe aS

2 69958 Ehow 99 & Slei, 5 4l eyl sleal

o il g colas wles,S oy ialS ailaie

Sl
|

adyl ——¢ a4yl

TP == =5 T
o L1y "
, A —)‘
\\7 7/ Qh
&
€ ==2
. _ i
¥ \ ; = v

Jsb
[Yal 5l a5 o logh Sliion (3l il alaiomo 1(F) JS
A 900
R
\'AW&G;#H 9
Bl i 4l Jae 1(8) S
L oldl So bawgi @l il aladme ;0 b2 e 5o
w oS 5 5 oLl ol 5 cond ool i pls g
5 B8 Gl o (She Y Jou jo wlead Jate S0uSy
0351 (a5 gy by SELsl) Hlodl o il g5 5 Jsb
el 00
B ool cou il bulid oz 50 abisee (pl
3y Oy Sl & by (ralesT 0)lse 5 (S el 425
St 508 )90 A ;0 5 039 (SSgm (Byme (g)
ool Ll el oad solitul g 4 lgn alise
ool Joaz cpl jo leas &) ¥ Jgax yo ool

ablge oy Oy b B - Sl

do b Lol Lops > 6l jlid ol Ken a5 0l 5
ol el e cansty il slagledl sles (65,50 Aolee

IRCLGPU S KV AR | PRI I [ OV-Y PR VR IR ()

&3

g duddd 10 8 akle

ad 31 hf_1 Jo=

Led g Lid adyl was

ot dalie
G?:)LA }L,.‘.é #.._qu’m A Sy B
: Les o5
KRR i . g '.\:_\ sl '.'._35
N gLad 055 gy & e
o 5 e
.
Led dnmlone
—_——
Okb

ESPCH T S I T

@ Jlex g (oo jlael -7
st e 2% ) sl Bk 5 & Laddiins
sile (g Shac bl s Asin 5 50Skae Lyl
g Dlasiin (e 5 (639)5 Slop cuS ¥ bod (L2
ocorl 3l el s 5 ol avse S sly e |

ol )] Sl Jale (o pioge adaize cwiin ples

Sl (g sled Jae (nl (i liel pplais @

b bsh il alhime S 5 o0 e 5 1L
Syl abhione plcwl ool anglis S92 g0 o S
3Gl ddasse ol oad ools las B OSE o b
ol dw Gidigy Y 3l g ead asle Kjas oYed
sl alize Sl ol 4ol aw 4y Gl sl ddaase o400 352
b o Ehow 28 ol sl s 55l 3) 5 gl
30 Flhgw 00 5 (V) 4456 4l ;o Flygu 003lg «(V) adsl



S 09y )l oolazwl b )lf P dljo‘ alraso 6)L»JM

é\,‘;&‘ albdss LSLQOL"‘” Slasein :(Y) Jj-.\.?

s | Sl ige e e e cols S ol
Jaie  cdlgg ol sy ol
(m) (m) (mm?) (mm?)
PNeee - Sk Neeees YIFIOAT YIF10AY 555 \
YTV SISk AYTY- \Yara, - YYAYA«+ syl oy YOA
GYYe SISk SAYay.. VATV AY YFYVO S oosls Yoe
CYYe SISk SAYar.. VATV AY YFYVO S ool 0
CYYe SISk SAYar.. VATV AY YFYVOSF ool daxs
YA - SISk YV \YVAY Y5 Y0005 BY oosls sV
) Aol cgys e FeYD 1Y VYO Yo £0 Vel vae
. MY el cays e VFY e Y-0vV PREFT AY
. NF ol cays - )YYD- VVIAY YYOsY wst fhgw AN
) Aol cgys e FeYD YYD Yo £ Y eSS ey
©PA adiSeg,s e YRAY 23R NYAY e gjlugd, )Y
S SRS SO O T YA\ VA)AT g VY
ROV - SISk RNYE FEVSAY FEVEAY g aliie )y
GYYe SISk NI DY+ YA DY YA adg) 4l V¥
CBOA - SISk NI DYE- YA DY YA sl 4ol 1
SRV SISk NI DAFA ¥ DAFAY.  oileid, 4l VP
T SISk Y- ALY, ¥ ALY, ¥ s Y
Sy by Jukoi V-7 otelesl Ll :(Y) Jguz
sles 9 A¥ kPa (559,9 ,Lid ¢V Kg/S (599,5 s0,> 20 " - \ e
alize sloghow ooz (25 2Blbioe YoV 00 K (5595 T e s s
_ ] g 42 1g0
7 @ Sl e Doge 4 Sed S enslinse, A aF Ay ay (KPa) g0, Lt

cdlasloads ob)jT Y Jed? o QS’J”U GLQ o‘)..o_m (5999
G S oslail as s Y FO s, e &yl aladss yo Lid
el o0 dunls o )5 FYY St Jaw jo 9 [YA] oo

2 ool g Y JBl ooz @0 jluie B KB 5

P )D ol 00l 00)9] Q}w Jw-L?U )‘5 PUEY-E 9N J}.‘a >
WBlol 0y Glgp 4y g o aulS Leglyl glep 5l al> e
b oY Ul 4 lee daglisw Gyl 5l ez 0edise

g g0

LRRVET R 8 N PE R TN PRV

./\

-V

./\

(R

N N
AYY o

K) 0955 sloo

Kg/S)gp ooy 2

B/S) co 5 (0> (2

LS & 5080 00 315 (028 bt &5 ol o] ]
)‘ }.0L> d.sL]Ua.A G’LAJ R J){? )o gw‘ 0099 09}9.0

)..al:> )15 5o od&a\j‘)‘ C"L"’ 4...15 ol 00l solaul l.mu‘

Q—l o o..\.,.i}ui:..;‘b)’] bylos g 5l dbase pl 4 jasie

REIg



VWAV 5ol Yo lad o) Fale Ladlen SolSe gl — cole aslilad VY

K] Gl L b g, ol amlin (F) Jpir 575 b 45 U ol el 1) Jpie

6 ylows ) > &
Y Y ) - — Caai ——— mm?) colee Elgw s
Sl A by Y] Gles]
; 2lej] 2Les] b9 Ay AYD VAR ] g
2o
T:‘\]) S as s s aSeyll YN - VY- Yevyy adyl
[yl [val o VE Y \ONF YY oY 49l
il YN £ by V- AT YE &l s,
¥y YEA O YAY O YAY YA vaa 0 s ¥ B Y0,¥0 Vo Sss
s ¥ai Was YO,£0 Y 6,5
e ¥ e ff A sbos
£F1 45
PRV BEY B AV agys
01
VYWl o Glisl oY gaxe 1(B) J9oo b - -,
B |
O/F |
\f- WYy \Y- . , 108 -
5 Y o[ .
N game o oot elizl Jgo S ?‘; I L,
oosf T T T
e oA AR AL <Y (6{0) ﬁ‘ I
<+ YOY) < EYAQ . OYEA CO2 %y i
L oml
AYas. CAYAVY SNAYEE H20 L |
s
ey ey e NO ¥ -
FYOND - FOAYA FEVFS N2 ook 7
i o Bl - - — -
I
. - . PR ST I ST T N A N SR I R T T S T Y
WUL“” > db’“}‘ UYM {(7) Js"‘? O 004 0.08 012 016
OfF () Jsbo
D . Doz Jelos > ol 5 Y 5 oo (a0 ) S5
OYM )0 ods 9‘}?‘ ‘5!5.0).«»5 '>)"‘J
C e85 SeVeAd L e YERE CO, c . ..
P by Jukxi V-7
Y L ePAYY . eVEYE H,O | \ il ‘
o leke 4 aaw s gl gl abomes N
oYY e el e eV EY NO U OE R % ) ors o
LYODFY  NVOTEY - va)-$ N, eS8 @z Guleyl aw lald ol cad oolanul
SNSERY L ea8YY . AYD. 0O, 75 bl olyen 4 aSll g, il g 0als SIY oo

slaglell )3 wed oo Jol 3l AF Gloll lalyd b (o2
35 sles £ SKE jo il oais a8 F i s Gl saw
SEg & lga lacans (o Glpal aliie Job i
Cogw 4 lop Cond ool sanle ol a4 alisw
L aibios VEY ooliial Syse cdgu lp (5 yeseS sl
5 (o Ol Jebos DY Gledl 5 l9a oy (00 4 a4z
) g a1 o (g5 o0 (V Jgi2) S 9 (002 (20
o oldl Gl e Cosw 4 e Cad 0,5 awle
VAT o Vo fF Q8Y Ccog YV gV D 6[.&7&.[.‘0)'»‘

RIS

Do g0 odalin 45 )9.|ouLo.® Lol 00 00)5] f Jea 4o
500yl YAl ol ol b o8 oDl aSiis g, gl
b}.wu;a \))‘9 VY uLo.” B u.‘>5.....: ﬁLo.v aS o uo)_e )lS u.s‘
Jooz yo Gl SYgame g 00g @il &l il Ll cpl o
d|)_._'>‘ uym )0 Og>g0 u—';w‘y}ﬁ iloads oé)g—‘ I
Slrly esls (1iSTy (V) adgl 4l 2l 51 (509,9 slo L
boes Glys! O¥gaxe g 0gd o0 Jo8 NV LI o
odas OVgass abl e ol (pSaSles gl

ol 0als ools Lad & Jgaz ;0 VF Ll o 5l

1- Kerosene



A 09y )l oolazwl b )lf P dlj.o‘ alraso 6)L»JM

wilge s by Sl ) i < /OA KPR a5 oL >

)\) ML"SA ‘/\A‘Y kPa )‘JM u.!‘ Aiu..: U’“"ﬁ) gJ.o.L?u )\)
Qo Y)Y d‘)"’" alrasxs Jéb )Li‘.é PV T ] C"L"’
ML‘LSA M)é \“/fV )LLO.A w‘ d.io.w J.o.l?u )s) 99 o»)%

am
Jad -
V| sho sy — — — —
..... sl ——
¥ 1 | ——————
As = LT

195 |-
|

5 3 3 N I N TN TN N T TN T [T TN T AN N N [N O O T |
A Y e - o = e
0 0.02 0.04 0.06 0.08 0.1 0.12

L |

{\__n., .\.L'!

=

0.068
VA0 -
nosTs b —— _
LR
n st Ny
g 08sTE BLF
3 _____ Ly —
Nanss -
uuuuu ¥ |
~ (- bl - -—- -
- . 2
. P ol Jaol
1 WERL [
e r
T oass L
~ U202
T
Lﬂ noRs |
04863
—_ [
= L — e m e i - s
nagis |
05045
O
LU L o
by oy ey by by |
B e oo T B
L AL Ul .13 L
(a) |1
)

clizes glacdl ,o 55 jLad (A) S

s s S5 ol ey ol San e & S5 o
Ows‘o OA.QLMAAS)BJ&UL«D Ll 00 ) aliseo M

Comd 4 ¥ Ghalesl lulid e cond ol 05z
90 4 o (R lod Sl S0P (6 RegS gl
loo VF Ll yo Glusl 85 Sl o Loyl Koo cdls
Sy e R Sl g 4 e ) Ghlel Ll
Sy Slgp 3959 cde Ay 4 VF LI Ls snalS Wy,
FY U 4 @l sbcwnd laglse 51 eslss!
abize bl o wise i &5 Heboles il e
alsp Cond) V Gilesl lulyd po (g5 5B oo Gl
ol i Ko adl g0 3l (VWY CE g

e o

L = [

Py
IRHLES o
00 1 1 1 1 1 1 1
S nns n T
u v o u.
¢ |
7 [,

Gl glacdls s 55 clos :(8) UK

l32 Slacoms )3 (wolgil Sloa slod Gl Y St )
Syl 4 azgi b oS ssslin olg oo Iy alide Cgu 4
5 o plool uglyil clagylall 45 ol Jlasl V¥ sl e
S8 nl 4 azgi baes o Gl el (slea sles
Bl 5 gl slso slos (Aali8l a5 @85 ames (g5 oo
U5 s 4 )00 s LB e 315 alions sl
ich o gyl sl slad taliél 51l Julo 51 samy 5o
NS
Shge 5l am (6959 HLad 4 515 L cod A S0 0
s il ogice sonlie 45 ebilan g5 e ounlin
Loy jlad lpol alaioue aolol )3 5 039 Shgw 5l (AU
alioe JS ;3 )Lad Sl IS g oo mizmed e oo
ol i 8 S8l s T3 L 5 005 oS 3l
Clo s Lid cdl oS wes e Bl o b Ss e



VWAV 5ol Yo lad o) Fale Ladlen SolSe gl — cole aslilad

V¥

G ez o)l (215 5 L sles ) S8 o
sanlice a5 b yled .ol 0 08)5] CSgu 4 Iga calisee
D)yge & S 4 lgn S GBI L S0Y Gled 398 oo
o W el olis b o Lo il ae LialS s
ol casdly o as Jb jocad ad 3 b o lasl sl
Shbl o)lgs les ule 5l (Jeds (oo 4 e 5ob

el 00 o0liad V¥ 5 VY L)

el o

87—

ssf
Lo v by v v by vy v by v b v by |
Nk 120 125 130 135 140 145

PSP R PO
gr g -

g¢.‘>9.~u aQ ‘5.% S o> ).,.;Y o)‘s.l.) LgLoQ :(“) J&J)

oolaiwl Jolw slo STy Jow 51 cdgpes sl ) cpl o
Joe 3l cal g o cdo 8l sl 4 sl ool
AT coyz S WY SE o 0sd colatul Jolay e
g & lgp calide Gacans ;o Jsb o (35950
CS g @ g Cod ;0 aS pl @y dzgi bl 00l g i
Gt alads gleo VY Lol Y u..)lﬁ)] Lyl ) VY-
Adgl (6 ydon ey ST ol K e g0 4 e
Syl AY Sldl jo Gl og a8l 4 az gy b 09 oo
250 o Judo e 4 090 o0 aid S Glas o 55 VF Ll o
bl Bulpd ) agdioe JalS 3l bl bl 4
QS| g0y S Al 50 g 00gr i) T Ll gles o)
VE Gladl jo ol aisS oS joblen ail oo yiion (5950
3 Giar ST ooy S (nlnle 09l o0 oS 3
oY @ bghsw e @)5 4 arg bww ) F oLl

s 2285 3y alais Job

).) "/V o_ﬁ...a.‘}uw)..a )o \35....)(5;7 J..al? ).u.\..S ‘Sa‘)io.b ¢\
WLSS 0 g oad [San oy ol ol V8 LSS

TR ISR SRS A TN SNNN T AN SN TN U NN U T NN T U T T T T O T M|
s o

Y =T 30 W TEn
2\ =i ou u ey 1 15 o

S5 sl
i

S5 slaws el o, Kos Sl (R) S

@l5e2) p)5 0k 2Ren TF 1SS o) cnl 1SS L
gy onl oo S0 cupo 50 50 Wl Cendy (Lo g jLad

2,15 342

4 l9p S cnzp (29> B sles Ve S8 o
97 3 les (S cpl yo cwl oad ools lid S g
oy G20l b5 O e g 4 Iy s SRl L

aAn
Ll
A0
Qow
A0
by

PR T N S T T T TN S AN T TN Y U S ST T [N T N ST |

3 T T T 135 T AN TEC

12V 121 13y 131 1=y 1%)

St ds lam Sl
B Aty :

S5 198 Comd oz (25,5 5B sles :(Ve) S



VO

A 09y )l oolazwl b )lf P dlj.o‘ alraso 6)[MJM

RSSO S VI T NP | ST Y. SR
cilises Glacamd ;o Jsb w5 Ol JBy g anSTlgoy S

P ——— _
i o

“r !
[ T A
T L
a r = —"—"=-"—"="
= r === -- -
i, |
L

-_n TR TR T AN NN N I_: T T T |

35 5 o 16 (15 oy S HOF) S5
g2 &y CSgas alizre (loons

Slp addad Gl VYW oLl o S ol ol o

Sl 5 ST (60 () e a0z pS nlple

lgo s sl VE Gladl jo Jg adil oo i Sl ol o

Jdo o @ 0dds Jolo o i o NV CSaw @

o a el pas Al pl jo s 90 () ey S

252 90 ol oz S Y Bl 4 laghgu Sl e G5
b oo oS VE Ll 5l

L - T
caelal daslp
L o T
celagl daelp s
L T
cE——— ] ol o
L
J]_\: i
& B
al -
o[ L
SR F——1
&4ov
- L
PR S SR TR NN (N N NN TR N SN S S SR
{oa) ok

2 dsb o O By oz S :(00) B
9o & Cogu alise slacons

359 i G e S
<
: : ;
[
L=
L)

=

”!||||||||||||||||||||||||||||||||

1
P
oo

3 ok e (55558 ST oy S (Y S50
lgo dy s g calizre gl

USRI N SR S U PR
Gt oo AY Ll o OAVFe Coaw @ lgp s
55 088355 aeuSlgigacn S oo peS 5 e Cemny
&S ol azg badl oo oS Ko adls g0 5l Cd ol
QST gige (9,5 Jlade 0l co JoS Bl VF Ll o
Obedl cpl o dsn 4 Cogus s > a2 6l (godgs
A2lge o L s slaplal
axgie g oo VW g IV S g0 0 Y ladl aslio b
B aeSlgigecn S 5 eS| adg 45wl
adly Gl s Gl b ()59 s aeST 0l o0 S00S,
b o el aeSTsise ()5 < Jy

o
12 i

1wl

i

3008

v

BHoos|

7

N

Sloiannd 53 Jsb auSTgise S soyz puS 1OF) S
Iy 4 CS g il



\#

10.

11.

12.

13.

14,

Large Eddy Simulation Models”, Journal of
Engineering for Gas Turbines and Power, Vol. 138,
No. 5. pp. 051504, 2016.

McGuirk, J.J. and Spencer, A. “Coupled and
Uncoupled CFD Prediction of the Characteristics of
Jets from Combustor Air Admission Ports”, Proc
ASME Turbo Expo 2000: Power for Land, Sea, and
Air, American Society of Mechanical Engineers,
Munich, Germany, 2000.

Samuel, B. “A Jet Engine Combustor Design
Analysis Suitable for Electronic Computers”,
ASME Paper, Vol. 1, No. 61, pp. 305-310, 1961.

Gouws, J., Morris, R. and Visser, J. “Modelling of
a Gas Turbine Combustor Using a Network
Solver”, South African journal of science, Vol. 102,
No.11/12. pp. 533-536, 2006.

Mongia, H.C., Reynolds, R.S. and Srinivasan, R.
“Multidimensional Gas Turbine Combustion
Modeling Applications and Limitations”, AIAA
journal, Vol. 24, No.6, pp. 890-904, 1986.

Stuttaford, P.J. “Preliminary Gas Turbine
Combustor Design Using a Network Approach”,
PhD Dissertation, Cranfield University, Faculty of
Engineering and Applied Science 1997.

Gouws, J.J. “Combining a One-Dimensional
Empirical and Network Solver with Computational
Fluid Dynamics to Investigate  Possible
Modifications to a Commercial Gas turbine
Combustor”, PhD Dissertation, -University of
Pretoria, Faculty of Mechanical Engineering 2008.

Stuttaford, P.J. and Rubini, P.A. “Assessment of a
Radiative Heat Transfer Model for Gas Turbine
Combustor  Preliminary Design”, Journal of
propulsion and power, Vol. 14, No.1. pp. 66-73,
1998.

Stuttaford, P.J. and Rubini, P.A. “Preliminary Gas
Turbine Combustor Design Using a Network
Approach”, in ASME 1996 International Gas
Turbine and Aeroengine Congress and Exhibition,
American Society of Mechanical Engineers, 1996.

Sharma, N., “Heat Transfer Analysis for
Preliminary Design of Gas Turbine Combustion
Chamber Liners”, PhD Dissertation, University of
Toronto, Faculty of Aerospace Science and
Engineering 2015.

Pretorius, J.J. “a Network Approach for the
Prediction of Flow and Flow Splits within a Gas
Turbine Combustor”, PhD Dissertation, University
of Pretoria, Faculty of Mechanical Engineering,
2006.

Varol, G., Sarikaya, G., Tunger, O. and Oztarlik, G.
“Emissions Prediction of a Reverse Flow

G S azas -V
abize SO 50 Lo g by adsl Judod glp Al o,
ylel gl ol Jlesl (bgd g9 515 s Gl
o lah ol ool anylie 025 @l b s, cnl @ls
Al g 4,5 |8 ax gl 090 3l ol aladoe j0 0y by
@l b )las Cdl s popz (00 Sl g0 a4 Joloo
Lol ol odalin o9 ogmed g dload alie oo
JEsl s @l (285 i o b aladome 0,5 )by e
Lis il g (gles dliie ool snd o ol
> 25 Sl @eeed L @S Lot anule

.M\)Ga

5 S Olaiz 68 Il o ileand 0 &S Gl L

5 4Sd 3y sln sk by (g Wl e sy 55 GE0

Uosy 55 45 el I 1l 5 ce Bbyo Slolims alov

9> S0 L @mli g oog o5 sl Slawbre (loj Sl
Dbl e abaize (b gl slagaieils (5555l

JEsl s bz Jelos Glgee aSed () @b

A g, b0 jgl Cawds Cas o a1 gl o] alaame )l
595 oo 2y @ g |y ISiw 5 onizmy sloawas
abaize o Loyl canss 1) laslsr (o5 jlaws loj 5o
Sleesd Gl &Sl by, ahewgts 5 s Gl
555 oy ety 4y |y 3lyim] alaiee cilizee (glalxe

Py Bk sl awaie ol 85 4 Al By, Jo 2o
o gl dsle oo eolawl s Ja.gb) S8 9 LU
é».«.:o.\m oolawl u_a)‘).> JLM‘ w‘fogul.a)} Sl

RPN

&1y A

1. Kruse, S., Kerschgens, B., Berger, L., Varea, E. and
Pitsch, H. “Experimental and Numerical Study of
MILD Combustion for Gas Turbine Applications”,
Applied Energy, Vol. 148. pp. 456-465, 2015.

2. Tyliszczak, A., Boguslawski, A. and Nowak, D.
“Numerical Simulations of Combustion Process in
a Gas Turbine with a Single and Multi-Point Fuel
Injection System”, Applied Energy, Vol. 174. pp.
153-165, 2016.

3. Mazzei, L., Andreini, A., Facchini, B. and Turrini,
F. “Impact of Swirl Flow on Combustor Liner Heat
Transfer and Cooling: A Numerical Investigation
with Hybrid Reynolds-Averaged Navier—Stokes



S 09y )l oolazwl b )lf P dljo‘ alraso 6)L»JM

26.

27.

28.

29.

A.George and J.W.Liu. “Computer Solution of
Spare Linear Systems”, Oak Ridge National
Laboratory, 1994.

Rashidinia, J. ‘“Numerical Analysis”, Iran
University of Science & Technology, Tehran, Iran
2005. (In Persian)

J.McBride, B., Gordon, S. and Reno, M.A.
“Coefficients for Calculating Thermodynamic and
Transport Properties of Individual Species”, ed.
NASA, NASA, 1993.

Morris, R.M. “An Experimental and Numerical
Investigation of A Gas Turbine Research
Combustor”, PhD Dissertation, University of
Pretoria, Faculty of Mechanical Engineering,
2007.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Combustor Using Network Models”, ed, ed., Vol.
Springer, No’s. 167-175, 2016.

Zhang, X., Toal, DJ., Keane, AJ., Witham, F.,
Gregory, J., Ravikanti, M., Aurifeille, E., Stow, S.,
Rogers, M. and Zedda, M. “Isothermal Combustor
Prediffuser and Fuel Injector Feed Arm Design
Optimization Using the Prometheus Design
System”, Journal of Engineering for Gas Turbines
and Power, Vol. 138, No.6. pp. 061504, 2016.

Wood, D.J. and Rayes, A. “Reliability of
Algorithms for Pipe Network Analysis”, Journal of
the Hydraulics Division, Vol. 107, No.10. pp. 1145-
1161, 1981.

Greyvenstein, G. and Laurie, D. “A Segregated
CFD Approach to Pipe Network Analysis”, Int.
Journal for Numerical Methods in Engineering,
Vol. 37, No.21. pp. 3685-3705, 1994.

Patankar, S. “Numerical Heat Transfer and Fluid
Flow”, CRC press, Florida, United States, 1980.

Stewart, J.R., “Pipe Fractional Flow through
Branched Conduits”, PhD Dissertation,
University of Texas at Austin, Faculty of
Petroleum and Geosystems Engineering 2015.

White, F.M. “Fluid Mechanics, WCB”, ed:
McGraw-Hill, Boston, United States, 1999.

Fang, X., Xu, Y. and Zhou, Z. “New Correlations
of Single-Phase Friction Factor for Turbulent Pipe
Flow and Evaluation of Existing Single-Phase
Friction Factor Correlations”, Nuclear
Engineering and Design, Vol. 241, No.3. pp. 897-
902, 2011.

Gordon, S. and McBride, B.J. “Computer
Program for Calculation of Complex Chemical
Equilibrium Compositions and Applications”,
National Aeronautics and Space Administration,
Ohio, United States, 1996.

McBride, B.J. and Gordon, S. “Computer
Program for Calculation of Complex Chemical
Equilibrium Compositions and Applications II.
Users Manual and Program Description. 2; Users
Manual and Program Description”, National
Aeronautics and Space Administration, Ohio,
United States,1996.

Lefebvre, A.H. and Ballal, D.R. “Gas Turbine
Combustion”, CRC Press, Florida, United States,
2010.

McBride, B.J., Zehe, M.J. and Gordon, S. “NASA
Glenn Coefficients for Calculating
Thermodynamic  Properties  of  Individual
Species”, Aeronautics and Space Administration,
Ohio, United States, 2002.



