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Table 1- Selection of Operational Gas Turbine Combustor Test Rigs

. Air Inlet Conditions Exhaust Temp.
Name Location Fuels o Source
P[Bar] | [Kgis] | T[°C] [°C]
IKDG Aachen, Germany 24 12 550 NG (40 bar, 850 Kg/s) 1350 [8]
HBK2 | DLR, Cologne, Germany 40 30 700 kerosine, g)'/'r;;;phta' NG, 2130 [9]
HBK 3 DLR, Cologne, Germany 40 7 700 Kerosene, oil, NG - [10]
- [11]
HBK4 | DLR, Cologne, Germany 40 45 700 kerosine, oil, naphta, NG, ; [12]
Syngas [13]
LSM Helmut Schmidt University, 2 10 630 NG ) [8]
Hamburg
[14]
ENEL Sesta, Ital 25 42 - NG, Hz, CHa, CO,, propane, 1230 ﬁg}
aly butane, CO, Ny, Liquid Fuels [17]
[18]
SIT Finspong, Sweden 1 - - NG, CH,, Ny, CO3, CsHs - [19]
. Gas mixture plant; NG, CO,,
HPAF Lincoln, UK 19 - - N, Hy, CO, CsHs - [20]
HPCR | Crdiff University, Wales, UK | 16 5 630 H./CH, blends, CO, - Eg
GTTL GE Greenville, USA 31 50 510 55 bar, 260 °C 1440 gi}
GEAE Evandale, USA 24 49 500 - 1430 [25]
Solar San Diego, USA 75 16 316 - - [26]
PSM Jupiter, Florida, USA 24 27 50 | NG Ha CHa CoHe Cots, 1930 [27]
C4H1o [28]
NASA Glenn Research Center, [29]
CE-5B-2 USA 31 55 730 - 1760 [30]
ASCR NASA GIennURSe;earch Center, 60 23 700 Jet-A ) [31]
DGTC NETL, USA 10 0.75 330 NG, Liquid Fuels - [32]
Takasago Machinery Works, ) - [33]
MHI 1 Japan 16 50 NG, oil, methanol 1500 [34]
MHI2 | Takasago “ﬁiﬁg‘;‘ew Works, |44 20 - NG, oil, CsHs, methanol - [34]
® Gas Turbines ® Test Rigs 4 AUT Test Rig
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Figure 1- Overview of worldwide combustor test facilities and selection of typical gas turbine combustors
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Table 2- Selection of worldwide combustor test facilities and typical gas turbine combustors

No Gas Turbine Combustors Test Rigs
name [Kgls] P [Bar] name [Kals] P [Bar]

1 KHI M1A 8.1 8.5 MHI 2 19.7 1
2 KHI M7A 44 16 LSM 10 2
3 MAN GT6/8 4.7 15.1 Solar 15.8 7.6
4 Solar Taurus 70 2.2 17.7 DGTC 0.5 10.1
5 Siemens SGT 750 14.2 24 HPCR 4.8 16.1
6 Rolls-Royce RB211-H63 10.5 25.3 IKDG 12 24.2
7 KHI L30A 10.6 23.8 CE-5B-2 5.5 31.1
8 GE PGT25+G4 3.0 24.1 HBK 3 7 40.1
9 GE LM6000-PH 45 32 PSM 27 24
10 Alstom GT24 25.1 35.7 HBK 2 29.8 40
11 MHI M501J 375 23 ENEL 42 25.2
12 GE Flex50 Fr 9FB.05 46.4 20 MHI 1 49.8 16
13 Siemens SGT-8000H 51.8 194 GEAE 48.8 23.7
14 GTTL 50.1 31
15 HBK 4 44.7 40
16 AUT Test Rig 0.25 1
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Figure 2- schematic of combustor sector in test section
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Radiation Heat Flux to the Casing Convection Heat Flux to Annulus Air
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g I )

Radiaton Heat Flux From Gas Convection Heat Flux From Gas

Figure 3- Heat Transfer Model of Combustor Liner (adopted from [3])
(vl b L) & ol dlidzo oylus o Wyl JU! Sl -F Ko

Jol:.’i u.»‘ ! Qi £y u_?j):} 9 (§99)9 6[9)LZ L;)‘)’ Jola.'; J..al.> PPUEY-PS o)L\? <5L’L’ dLao Y JS...; d,aUa.A
:[Y‘]a}&@ ok pyakl, b Syl
k
R1+01:R2+C2:t—W(Tw1— w2) =Ky )
w

Il LB 5 L, 5l as

Ry =0.50(L+ &) Ty (T° —Tui”) *)
&g =1 Exp[-290x Px (qx 1p)*® xT4*°] )
Re = b S Ty e =) )
Crp: 20'017;(_{(5;-2 AmL—Z)O-Scrg ~Tua) @)
C =0.020[')‘§‘_n2 (%)0-8 (Tuz ~Ta) 0

Cdpan g 3l pimis gl oaile aly, a5 coul oads ezt [YF] il Ken 5 Jl y20 slogses] b
¥l oad aogs p) opsaes by, o slp 10 wilsoly las shls (Vo & SYolae) >

Ry =0.13706x (L + &) Ty > (TE° ~T5°) QAP
ke , M

Cp =02—2, (—21)08(T, , —T3) 'Y
Dgnz Aan a W. ( )

S,Ll gl 5 alaime oo (3l s Sl s clrs e sEw &g (lesar il cdl 0 waiole Luls, 4

P aliizes ooz Caslies by o3lyiml Els sbaslE 5 GLLI clsn walaims ojlaz il o> JGl cul,s kg g ke ki
(el alaize (19,0 Eld Slojls x> 5 JSC5 & aily 45) alad (6550 Job I dga 5 S gm (JolaS Conns @ (31l jL28
L gl a8 (3D Dy cabsies alaiie corlos Aj cabiizes jlad Dy oSlbl aly) Corlas a4y aliioes Corlocs Cornd Au/Ae
T doles 5 )5S lon 5 Els lajls el fta 5 g «Sb1 6,5 S5 Slgn 9l by white Colus Aan calaione

I¥]gs oo anlne ) Lalg, bawgs b eyl ol 5 (S ocenslos

I, =0.6D, QD)
A
D =4--
L=4 QD)

ay



&HLBT sz § 55 BlSES paality 003 b (sogedemme colad asdlo ¢ Sse Lule wielozgli Folo wolj)lac (gase Sgmus ¢ sonlie ‘yws ol

6
AL:%X”(roz_riz) o)
P,_=2(ro—ri)+%><2ﬂ(ro+ri) %

5 5 o sles o alyl, 1o Sl Jolas by 6lo,) jshiteds dayl slegan o g saball Lals, 5l solizol L

5| glazals sl 15 o 50 absizes &> JUil Elslors gl OF JSS 55 sl dpslone b6 3l ] alsime ooz )l

i 5] g o a8 S Lo awste yolie Sl olsS sl logai o2l ey y sl o ail,] 3l (gl slos
R PR W c\jl)‘ Y de? o uo‘a? U"‘ )JOLQA Ll 00 ).Lud].a Loo

2100 -

= TInner Side
1900 [-|== Outer Side

1500

1100 -

Combustor Liner Wall Temperature [k]

700
300 | | | | | |
600 1000 1400 1800 2200 2600 2800
Combustion Gas Temperature [k]
Figure 4- Results of combustor heat transfer analysis
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Table 3- Material properties used in Combustor wall calculation
Property Ka Kq K Ua Hg Ew &
Dimension [W/m.K] [W/m.K] [W/m.K] [N.s/m?] [N.s/m?] - -
Value 10.23 e-2 2.82¢e-2 20.8 1.96 e-5 6.01e-5 0.88 0.78
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English Abstract

Designing a Gas Turbine Combustor Test Rig and Testing a Sample
Combustor at Atmospheric Conditions

AmirHossein Azimi, Masoud EidiAttarZade, Sadegh Tabejamaat, Abbas Oni, Salehe Zahab,
MohammadMahdi BalZade, Benyamin Kankashvar and Majid Aghayari

Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran
(Received: 2016.10.21, Received in revised form: 2017.06.17 Accepted: 2017.06.24)

In this paper, the design and construction of a gas turbine combustor test rig and the experimental results of a
sample combustor sector at atmospheric conditions are described. This test rig can be used to evaluate the
effects of geometric variations on the performance of the combustion chamber. Flammability, stability and
ignition maps, exhaust gas composition and temperature profile, and liner wall temperature can be studied.
This rig has the potentiality of performing combustion tests with maximum air flow rate of 800m%h and
preheated air up to 1000K, as well as different types of liquid or gas fuels. A single swirler sector of an
annular combustor is tested at different air and fuel mass flow rates. The results show that the exhaust gas
temperature has a non-linear corelation with the fuel to air ratio. Using a one-dimensional model, the exhaust
temperature of the combustion chamber is predicted and compared with the experimental results. The model
results show good agreement with the experimental results.

Keywords: Gas turbine, Combustion chamber, Test rig, Test section, Atmospheric
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