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Consideration on Burning at High Space Heating Rates in Ultra-micro Combustors for UMGT
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Abstract :

In order to clarify the functions of the space heating rate (SHR) for a combustor of ultra-micro gas turbines

(UMGT), the relation between the SHR, the residence time in the combustor (t},) and the heat loss ratio (HRL) were derived.
It is deduced that 7y, depends only on the SHR without any relation to the scale of the combustor, and is inversely proportional
to the SHR. This relation was confirmed for many gas turbine combustors of various sizes with a volume of 0.06x107 - 0.146

m3

using H,, C3Hg, and Jet fuel. Experimental results of flat-flame type ultra-micro combustors indicated that the maximum

value of the SHR corresponds to the chemical limitations on combustion rate for each type of fuel in the combustor, and the

minimum permissible value of the SHR was limited by heat losses to the surroundings. The HLR is also deduced to decrease
in approximately inverse proportion to the SHR, which was confirmed by heat loss measurements of flat-flame type ultra-

micro combustors. The importance of the SHR in ultra-micro combustors is discussed.
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Table 1 Residence time 7p in combustion chambers for various gas
turbines and jet engines.

Engine/ Fuel Vol i, SHR 7
Combustor [m’] [kg/s] [MW/( m’-MPa)] [ms]
o 0.150 N
MIT UMGT 0.067%10 0 7.7 x10 0.38
x
T™MIT e
1.14 x10* 0.065 2.3 x10° 0.94
MGT H,
TMIT ; 0.225 ,
C3Hg 2.39 x10° S 4.6 x10 6.8
MGT C;Hg x107?
Rinnai Cit
rnat = 4.8 x10* 0.010 5.7 x10° 7.4
RUZ-16WO (13A)
KHI S5A-01 Kerosene 1.18x10° 0.204 5.2 x10% 4.5
Allison T63 Jet fuel 3.55x10° 1.5 5.7x10° 4.2
F100 Jet fuel 0.03 61 7.6x10° 2.7
PR TF41 Jet fuel 5.91x107 61 4.3x10? 5.0
THI J3 Jet fuel 0.09 25.4 3.7 x10? 5.6
GE J79 Jet fuel 9.56x107 74 3.5x10° 5.3
GE TF39 Jet fuel 9.88x107 81 2.7 x10* 7.7
PW JT9D Jet fuel 0.146 110 2.8x10° 7.1
10*
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Fig.l Relation between space heating rate SHR and residence time Ty, in

combustion chambers for various gas turbines.
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Fig.2 Schematic of the flat-flame combustor.
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Fig.3 Flame appearances in the flat-flame combustors:
(a) Hy/air premixture (image intensifier photograph)
(b) C3Hg/air premixture (direct photograph).
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Fig.4 Flame stability limits of the ¢10/1 ultra-micro combustor for Ha/
air premixture and the $2044 flat-flame ultra-micro combustor
for C3Hg/air premixture.
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flat-flame ultra-micro combustor for C3Hg/air premixture at
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Table 2 Values of B and C for various fuels.

H,: Ah=119900 [k)/kg] CH,: Ah=50020 [kJ/kg]
Equivalence ratio ¢ [-] 0.3 0.4 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.7
Adiabatic flame ' 1.
temperature T [K] 1189 1427\ 1643 183? 2013 1066 1281 1480 1666 1839
B [-] 0991 | 0988 | 0986 | 0.983 | 0.980 | 0.983 | 0.977 | 0972 | 0.966 | 0.961
Cl-] 292 |3.19 3.40 3.59 3.77 2.81 3.10 3.34 3.54 3.73
BxC [] 2.89 3.15 3.36 3.53 3.69 2.76 3.03 3.25 3.43 3.58
C;Hs: Ah=46340 [kJ/kg] JP4: CH,,: Ah=43490 [kJ/kg]
Equivalence raﬁ'o o [-] 0.3 0.4 0.5 0.6 0.7 0.3 0.4 0.5 0.6 0.7
Adiabatic flame | '
temperature T [K] 1083 1303 1509 1701 1879 1084 1306 ’ 1513 1707 1888
B [-] 0.981 0975 | 0969 | 0963 | 0957 | 0.980 | 0.974 | 0.967 | 0.961 0.955
CIl] 2.84 3.14 3.38 3.59 3.78 2.85 3.16 3.41 3.62 3.82
BxC [] 2.78 3.06 3.27 3.46 3.62 2.79 3.07 3.29 348 3.65

(62)



R =HBIZ D,

O ¢ 10h1 Ho
R A ¢ 20h1 2
/ CsHg Flame
O ¢ 20h2 Ha
~ 7 HoFlame | g (o0 0 oo
5 = 10* ® Jet fuel
o S _
= @ H:(Flame Calo=04)
o = A (C3H;s (Flame Cal9=0.7)
‘: (ag}
B E
8=
B 100 |
g 2
g SHR
wn
102 | |
0.1 1 10 100

Residence Time in Combustion Chamber, t, [ms]

Fig.6 Relation between space heating rate SHR and residence time 7 in

various flat-flame combustors for H> and C3Hg when developing
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ROMEE D BENMEICEZ > TWB EELLGNS, wWThU
& KAERFNEERIRIC R 32 2 & iditskzwn,

(b) MABERRFRIR R
@) R, MBEAMEZ & S5 2 & THBREG 2 KR

TEBZILZRLTVS, O LEREPDDDIZ, [H
—RBERR 2 Fl o CERIRE 2 2L e G a L, W25
METRBERORESALZ D LICk-T, BBEAME
BEZT L EOBGRREG LIRBEARTE L OBIRE AN
7-. Fig7 12, ZO/RERT. oL ZFOBEIEE,
DIFD (5) KEHOTHR A AREOME”SFE L hEHL
72[22].

H,-H
HLR == e

m +m,)-C -\T. —T.

;1_( a f) p (ex m) 5)
0

Z 2T Hin & Hx ZBABEZRRA ERE DV YV E—, Ty

& Tex IBBRBEG AT & IR, C, I PIERILEATSH 2.
O X DU Flat-flame FURBERR DY E01%,  BABEELT
DB > TER R E S 1308 B3I I E W Pl L
T T2 Edbrol, FhFA—REAFMEKEIIE VT
1, BREERRDT A ZDKEWIZ ) BEEEEHGIMEL &5
ZEDMEDP® ST, X 51T Flat-flame BABESS TY L
EESIMBEDFE U %2 61, A4 XX D SBRBEAMERD D
BHEEHSEBANDHENIRZ I bbbk, Tho
DRI, [Fl—DBRBERRIC B W T OIS E X O E L
PELWBEICTE, SAMREIEZIER T2 2 LIk > T2
HEHEGZEMTELZLEZR LTV,
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Z OREIEIG L RBEAMT R & OBIRIZ, S ofho
WRIEAR D Swirling-flame RIS INRBRBERR T D ARk 22 i 1)
MEEND I EERHERLTED[10], @) ROBE®RT L
X, BBE RIS S RN R EEEZ SN S,

KL THEEE LN, BUNRBESR OB &1, BdER

DB R Z 2 =01 EAamRE2 ¥ X 2 %25
9, ZOREE L CORHERM?E 22 2L 2TRBL T
. ZolltroitwmT s, HlrbHHOHELEDIL
CREOFEELRITICE DL DML TEDbON TS,
Btdn 2 i MEd 2 L RBERRINTETEIR SR 2 2 £ B ) W
%, BUNRBESS CRIE R KR Z US| 5 & Eafiibe
Kb WH)HEPSELLRMEZT A 259,

4. 5&D

PRIGEZR MRER /NEIE > UMGT BABERRBATE IC B 1T 2 RBERAL
fif 8 & PABEAR NI AERF I X VBB & O BIfR 2 BB L,
IRBE BT & BRE AR NI E IRE ] D BIGR D R D B be 1 72 X
R UMGT HfiiEE /N B sEds NI BE I S 72 & m BT A b
DEHNCDOWTEZEL 7. ZDOFERLUT Offim%x 372,
OWhBER NIHEIRFENE, BABESS 2 JUsB/ NS 2 0 5 5

(2D TIERL, RAMMBREET 25618 %5,
OMRBESR 2 o OBIRRHI &3, BAMBRIES 2 2 i

Xo TR TE 3,

OB ELTR & IRBESSINTETE RIS & DBIFR I, IRB o
PBBERR D Z 4 7, MRILOFIICK S, 1ZIFR il
MEICERT 2 EHES,

OBBEamRE o EIREIX, BBERNOSMIC B 2 BN
ZRIRBE ST DR NS IR T 2. WIS TR O i
AMEIE, BURRDRIR D 5\ I3Y BT 0 72 o PAEERS
WAKRDIRE - B R B RAIC X > Tk
%,

i

BRI, PIFEEETZE (B) (No.19360383), Fl4:
B iR SRS (CERR 19 4ERE T — X F R No.04-069 )
B X OEAARYHE O 19 FEEMVITRE FE) O
B % 320 ) 72, ICEIL TR R R,

- -

- -
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