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Keywords: greater number of iterative design evaluations. In this study, a one-
Combustion chamber dimensional MATLAB-based code was developed for rapid flow
Analytical code analysis. In addition to computing the air partitioning within the
Aerodynamics combustion chamber, the code computes thermodynamic parameters-
Air partitioning such as pressure and temperature-inside the liner, as well as the pressure
Modeling drops across the holes and within the combustion chamber, employing

three different approaches. First approach: Assuming a constant pressure
drop across the holes, the discharge coefficient is estimated based on
literature values, and the corresponding mass flow rate is calculated.
Second approach: While maintaining the assumption of a constant
pressure drop across the holes and constant density, the discharge
coefficients are determined through empirical correlations, from which
the hole mass flow rate is obtained. Third approach: In addition to the
assumptions of the second approach, the flow is treated as compressible,
and the pressure drop within the liner is also calculated. The results
indicate that, in comparison with the other approaches, the third
approach offers not only satisfactory computational speed but also a
higher level of accuracy.

* Corresponding Author’s E-mail: eidiattar@ut.ac.ir

How to Cite this Article:
A. Ahmadi Tonekaboni and M. E. Attarzadeh, "Analytical modeling of airflow partitioning in a gas turbine combustion chamber,"”
Journal of Technology in Aerospace Engineering, Vol. 10, No. 1, pp. 67-76, 2026, (in Persian), https://doi.org/10.22034/jtae.2026.10.1.6.

COPYRIGHTS

Authors retain the copyright and full publishing rights. openr~ ACCESS
B Published by ARI. This article is an open access article licensed under the Creative Commons
Attribution 4.0 International (CC BY 4.0)



https://doi.org/10.22034/jtae.2026.10.1.6
https://www.jtae.ari.ac.ir/
https://doi.org/10.22034/jtae.2026.10.1.6
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:eidiattar@ut.ac.ir
https://orcid.org/
https://orcid.org/

.- ]
ladlgn wirigo

Ladlgy (owiige 3 (5,9

JTAE

Y5=FY dxaw ) 5)14»») AR 5)9.) AN YA JL»
https://doi.org/10.22034/jtae.2026.10.1.6
Journal Homepage: https://www.jtae.ari.ac.ir

YEVEFYOV 1 Saig Sl Sl

o gy A (w9 G gl dio 30 190 U > @39 S

Yool lae guas dgramo 9 O LIS o] LSyl

Olﬁl ‘Ol).g‘s‘ ‘Ql)-@ oKl ‘dlmwlf L.SLQ’L;)SL;é 9 P?’Lc‘ Olf.&&.i;}b ‘Lé_élyza JERAW 0 aSisly ‘ufJJ)wl; a5; ‘m)lwu)lf 9792".513 -\*
Ol)?.l ‘O‘)'Qf" ‘OI).Q; oKisly ‘dlm)olﬁa L;Lmd)sté 9 P?J“c‘ QKMI) ‘La'_élyzs AW ) 0l ;uf.b’)g}\? o9)5 ‘)L')h‘.w] -y

sASa Al ol
S Sy 5 (ST Gials gl s (6551 g Sliees 35S il e @i slagmys clldo ey U

diaitee )3 lon calio @555 pol ol 4 (it glael) Jl (o 055 plxl e Gl b casl p)Y
Ol iy S8l 4y loosiy W1 g a8 Spll gy 31yl B 03,5 0 carge & Cunl g gl
@ (b )T Olady sl g cuslie Cas s b aiilgny (ol U 39 00 el lgn @iy Jlow sy
& Jalod g e lBle ) e (gnSy 05 Sy Bl iRy )0 iy 395 )i jse Zusly
Sealdgn 5 (slojtal)l o d)oi 3yl dadone (639)9 slon @i LS ) & Canlord 0313 dawgi (b >
buogi |y (g5 Byl alaioes jLid 8l g Elig juw 93 )La8 SOl (izman g adl> (9,0 Lad 5 )L S
Olee Ehgw po 93 )L S8l (200l (28 b (s 3,55, 53 S (o0 Al Sglite 3,555, du
b pgd 3,509y 32 25 (0 dulro (6y98 (o2 £ Ol 00D 03] (3005 2lye g 45 w5
Llgy bwgs glygw 4l co o polie (I (291008 9 Elygu yo 93 L85 SOl l5m (090006 1258
Ol 8 2,Sg) ©logshe yrogdle B15,805) 1330, oo i Elyges 02 €53 9 086lCundty (225
ol piagh cnl I Juols glis 3,5 oo dnslone 5 il (19,3 )Lid 8l g ord aid)S Jlai > pdyeSTy
sl 130953 35 J9d BB B3l cunlio o sy 2 0gMe 13 )S09) s o Cannd g 3,50, 3

VF-¥F oldye YA il
VEF e A S5

VFF o0 VY by
VP bl o jlasl gl

sl slojly

g 3yl daisme
NN

lon 2595

SilwLe

eidiattar@Ut.ac.ir : Jszue sdiwng S xS cony ¥

How to Cite this Article:

A. Ahmadi Tonekaboni and M. E. Attarzadeh, "Analytical modeling of airflow partitioning in a gas turbine combustion chamber,"”
Journal of Technology in Aerospace Engineering, Vol. 10, No. 1, pp. 67-76, 2026, (in Persian), https://doi.org/10.22034/jtae.2026.10.1.6.

COPYRIGHTS

Authors retain the copyright and full publishing rights. op
B Published by ARI. This article is an open access article licensed under the Creative Commons

Attribution 4.0 Internationzll (CC BY 4.0)

EN ACCESS



https://doi.org/10.22034/jtae.2026.10.1.5
https://www.jtae.ari.ac.ir/
https://doi.org/10.22034/jtae.2026.10.1.6
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:eidiattar@ut.ac.ir
https://orcid.org/
https://orcid.org/

Lablan (gwdioe 5 (5)5l3
A Y Bylad Ve Bye0 AF0 Jlo

0523k 4ol ) i b aSl Bl P dlad (g9, 2 Bl o0 S
VT a8 358 ol Gl it jobdy Sl oo (53550
Cuto 6 o8 (o adyl 4l S Glaghgw Green
crl 86 Bl IS S 655 i 2l 4l 59y 2 Nl
L Slgso «38 2)lse g2 ogMe &S 3500 e 2] I ¢y
G Glel CidS 5g) p g g I DUST g5y p b
Sl g e (aled @jgf 4 poxie ol (45 Bk Bl ol
S Ay & Ayl dilain [A] 33,5 o Alsina g5 53 oY
215 12 & (93909 Olr £ U3 2 Gl 58U & Tasles
olpe |y lo b il g bIA] daudsg oails o 0gus oo I )l
el b & (s ol laoy (639)9 wgli cuslio walals o)1
o YT jials 4 e aSly 33,5 o Cdgu g lon yipo LS
SN o p3 59y 2 o) SWEDgw S92 [A] 29800 33
s Sl 8l &S ygboas A3l oo dlad (59 2 Slg5 oo 4l ]
23,5 Ciow g lon iy bS] cely Wlgy o isu (pl slaglygw
4l 5l (iS5l by blga co J3l cde 4 Bk STl [) - ]
Sl g ord 4l cpl 3 (2 plals el (35 50 3552 5b
odin byl [IV] s 5 56 cos ) alad gyluk
Syl SYgame Mg g9 p Wlyie gl adhaie slagl)gw
[A] sl Jee (ol Cos opizman g uSlgdcn)S s
el ol Gl il S)p sl ool slaghsw o5 )90y
SosS w5l i a5 Jya00 5 ok dlad (5 b edgae tals
S92 Sl &5 Db (Al 3985 gl g o8 3985 48 il
238 Seladgey gloyahly 6 Y] asl gge (SunY]
Go3E (2> T lid st b &S Cunl ligS @ 5l yan] dlaases
25 @leoan ¥ ags (lie i cal 4 g 03)5 i Elyge
LIY] b o s NOx

4l ol il Bas o)l deng 45k A.cﬂa.m_cdol.: o3 o
Syl lp JeoSS Cap 0l Gy )l 4 (b cuo
o 90 Hlid cdl daglyow wiis Dyl pisren g Sl ol
» Slgie $39)9 Slor o E5 9 Gl 398 wli Elge
AL yge sl boau YT ials

onl ol iy )1 3529 (gilusd) Lise o BT asb
Fdop o o )1E LB 3 5 (298 il (il sy
ol 3 ot ol slaglyse cusl g 15w lp S8 gl
Al pldy 635y slod o sy aS At Cyonl (glyld Cps
Coles o oS Ml JPae 4l cpl o plaals,S syl Wl e

1. Centeral Recirculation Zone(CRZ)
2. Swirler

3. Dome

4. Snout

Gl gy 4 g gl dade )3 lee by g il e

EVRUTR
015 YL Cond il gl sblie > 4 5B Glagysd
0P st gw b ()l «lyss 4 @y GBSy (g
lord Joas 6551 M5 wlie cp e Sl (S 4 eogd plesdy
WolSg i 53 o 5 (Li5lpdag) (52)9l9n Canivo 13 o0 s (]
Sl ol 2l 292y b )l les S ) (Ll Wy)
S3A I Soi i lizpen pnSle3n S Sl (gl il
el S35 sloimyg ok ) ohagts g (e (slacdgu 3l Lid
SR ETP
ol olyen 0T W b aduen Glpsl anld Sl
L) ool B gy @liel ladaize d90 9 Jib
2,10 392 Juol 5,505, dw adlaise pl Julod (ol o)l
G0 Yl 03,80 ol o (2Kt ojl) 05 slo3,S) )
Sl o Lol a8 oo (il | (Bl Ll b 5 dien
oo I ikl clacodgaze 5 04 pole; YL
Al 3,839 xl
b oanlio )0 o,Sog; opl igis giloand sy, Y
Lol 35,13)95 52 (6 08 slacasgazme I (0)25 o3 S0,
Lyl gyllesu gl Saon 5 YU Sluwle 450
ledbl 4l o a8 oSy, cpl tddos (o, Sy, ¥
Sl poogde a8 WS o )1 (g by, g (220
5 ims o 4l adyl b sl oolazel 6 ol
VT 8)1595 52 (08 dizjp g 093 €8> Vb oy
3 Vgoa cs,mls JS3 53 Oglds 3929 b gly! (sladlaioes
4>l g gl a4l @yl anb wwloas JSis Lol iy 4w
SIS S)n sloghsw 3529 Cond ol 3 Y] ilosd,
D0 S e Sl 4l S slrl cage wdyl anb
4l anl Job p sl io Lol laglhpw 6p5)5 Jore
gty dad Cul 3 Mg & 039 Sge 630 i 25k
2l S35 ol 2 4y Jlis Loy JSTF] 3L S0 wofins
hgels 4 oxie (939)9 (Sl C g 0ad SasS sl ol Jsb
ol G Gl 4 pxie (391 )93 Cpgo 3 9 33)5 oo alad
gl 4ol (ol laghgw 5518 Jore x8U [0] 39800 4l

by aded cos b Slyie 6500 GB35k 42l ol Sl
lod Lulpd 69y s i Oygods ol GBI, 50




o3lj llac gaus dgrun g (D (cdonl Loyl

owludd S5, ¥

Dgdee oS YISy S0 3)lg jgmpeS I (295 lam by bl
ol el a5 20,5 ol iU dw 4 lop Cuand pl o
addls 45 00 3,lg (glom 33,5 0 3)lg acled is & laa osiledly
Bl daase S calisee gl yiso (V) S5 00)5 0 3l

A oo LS ) oy

Lablsn (qwdige ) 55k / Ve
Y Bjlod A Byg3 AF0 Lo

S 20)5 lyel daiss I (29,5 clod @5 ) elaia 4 i
0L 398 a9y cpizmen Y] ol oo cpye 2,Shes (g9,
[A] sl pge SVl ials s 55 ¢lhgw 95 9

5 dlad p Laiw lpsl dbaase Saolodg ! Juloo aeis po
A ol sy calie slod 5 b Sl fcul g (SALYI
S S8 o sas I3 4 Bl s

(eSS 3,550, duw dy (S o A8 S s oyl
CE p oogMe aS Cowl ol 00> dawgs Lo > g oyo0des
J> b it e @l e sl 3080 Vb syl sl
Slodds 558 ot g 0l duwlio [i] 0 odid plol (g2ae

83lg23

\
\

> wils 4ol ghgw  ojled GBSz B diwgy
Dome Cooling Gap Mid-Regﬁ)n Hole Wall Cvling Gap / Shell
Dome wif
g \ wz)l> 4al> Quter Ring
il g Y St r—
Fuel Injector sy R | /4 f
/ pri : U et aulsi J3li
Primary | | i) glhaw Bleed Nozzl
X Region Middle Region I Dilution Hole SO
| oSuisy C awslali | wilie sl : (gl gaBy sl sl
Sprayer X : Wall | Dilution Region /% E’u"sr\l JI
- " rbine Nozzle
' |

ETAPS
Nose Cone
oAdils

Gl e ——

- L

Inner Ring = aal>

lurbine Wheel
adgl azli 8 Siz glyjgw
Primary-Region Cooling Hole

Fig. 1. Schematic of a combustion chamber [3].
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Table 1. Methods analyzed by the code.

Method Cq Piotiner APpotes | Friction
1 Constant | Constant | Constant No
2 f(0,K) f (m,u) Constant No
3 f(a,K) | f (m,p,u) | Constant Yes
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combustion chamber (All sizes in mm) [2].
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Table 2. Geometric parameters of the outer liner holes.

Row Number | Unit | Number of Holes | Diameter
1 mm 5 14
2 mm 5 14
3 mm 5 14
4 mm 5 14
5 mm 5 14
6 mm 5 14
7 mm 9 7.5
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Table 3. Geometric parameters of the inner liner holes.

Row Number | Unit | Number of Holes | Diameter
1 mm 4 145
2 mm 4 145
3 mm 4 19
4 mm 4 19
5 mm 4 19
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Table 4. Boundary Conditions and inputs [2]

Boundary Conditions Unit Value
inlet mass flow rate kgls 2.8
operating pressure kPa 658.613
Inlet temperature K 504
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Fig. 7. Schematic of the combustion chamber generated by code.
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Table 5. Model Validation against Reference [2].

Inner Annulus Outer Annulus
Unit kgls ka/s
Analytical [2] 0.88 1.80
Numerical [2] 0.79 1.94
Method 1 1.3 1.3
Method 2 1.08 151
Method 3 1.05 1.6
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Fig. 8. Airflow distribution of outer liner holes.
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Fig. 13. Mach number distribution of inner liner holes.
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