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Composition of Burning Gases and Combustion Characteristics
in the Combustion Zone of Gas Turbine Combustor

By

Teikichi OTsUKA, Takashi SAITO, Shoji HORIUCHI
Kokichi HOMMA and Sho MiYASAKA

In connection with developing the high intensity combustors for turbojet engines, it is of
prime importance to investigate the structure of the combustion zone. For this purpose, gas
analysis may be a useful method because it can measure unburnt components directly.

The authors carried out gas analyses to reveal the causes of deterioration of combustion
performances from gas composition profiles in the primary combustion zone. Experiments were
carried out with tubular-type combustor models, under atmospheric, low-pressure and room
temperature conditions.

As the results, a relation between local oxygen-consumption efficiency and local air-fuel ratio
was obtained. The gas flow pattern also had considerable influence on the completeness of local
combustion. The mean diameter of atomized fuel droplets affected air-fuel distribution in the
primary zone, due to the change of penetration of liquid sprays. At low pressure conditions,
deterioration of combustion performance was observed near the air.entry holes of the combustor-

liner, but it was not observed in the center region.
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(pp=l.lata, u=23m/s, Ar=68.7,0=90°, =20 cm)
T~ EBREE !
No. 3 No. 4 No. 5 o1y (REoREKE
D% -
JP-4 1. 305 1. 353 1.336 1.331 0.022
Ar 1.010 | 1.006 1.002 1. 006 0. 004
CO, 2.043 | 2,822 2,859 2.875 0. 068
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HADYIHT Z e LBBERANBROTV F e
D7, BIUREIOEMNFERES, LR, T I TH,
JP-4 D{EfIF#EE 10,250 keal/kg & UTHEEIT
LAY o

2.5 AAEBLIUSITEOERE
IREL 72360 H¥7ix, CEC 21-620A gy BRI
S ERAWTUT R ofce EOFEEMERKRDOED T
H 5,

EEH N s EY (b =g FR)
SYRERE : M/AM =130
EREIFEEBIE - 70V ([HE)
ERETER : 0~100 pA (W] Z¥)
AEHEAE P RRT VLA NEE AR

BONCEEA7 bAOHEKIIIRT, KRS
BEE ZLBUHEEACR, HEAR7 PV EDbY T
R e Yy, FoMPTIIREz 2 5, BB O TH
REERET PRI EHELERINEH, BEEH
MEHFL T L ERE, T TCObTILEEICE
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E—EDEEFT, ir B T0LVKEL D LEHR
FEREBEWMEZ R TIOR3, BRESSX 51,
DX D BRSSO 5 bARBREERRI O Y
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7 M BEE L CESRFER G IRE 8 fhE i xR
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nNabDEL, N7 74 U RRIKEOREE~ 2D
DA BREBEY 5 X 2V 0 LREL T, KER
EBRAROBRIDENV DT HH LI

SH LTSy

(1) FABEREH(UBF) @ [X10X Y iR E
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(20 HAREAFE(GHC) x5, 7ExF LY,

* R 22y MU LT M/e=43, 57, 71, 85, 99, 113
Zhbbbilb ' — 7 DEmES (A A VIR LHT5)
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8
B
6.0~
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EROTHDLLTC, FROSODHTFEZEELTEL
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KB4 ETRTE0ET B,
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1) Z=XEER :Wdinkg BERMCEZTh T
LEZBhAELER,
W (Air) =W (Ny) X 1. 3247
(2) RRFER: W(TCke #EFoFRicEE
NTW32REER,
W(TC)=§3 W (i) - fe(d)

TITT ) RS : OEFIRFERS
RERT,
DXL TRDIMER, ATRZRT X 9 ER
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(1) RPrE#RE BREEN T e bh Bh0D,
B8 2 2K ~ R EREA .
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(JP-4 ORFERIRE0.857L L)
(2) RFpEE—vZAreHs RE(G) %
AL e W(Air) T& £ 25 RPN RBATCHT 5
oy i DREERA,

W(@E) x H@G)
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R.E. (i) = X100%
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= o TR . LEE—EIC R, W S REOREE %X TRk
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» 7 I 133 & VRIS KB L e H LMD FEI VT,
50 - o5 Wi - o BREHRIREAEE (0°) Zric, #FmEk
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(3) RBiBEHEEDR e %
AL EW(AINI X > T X E2MRERMER Kzﬁgﬁi%ﬂ_
L, ERCHB S hRRRORE T, BEL G0z L2
BEOFBRAHE 2 stoich. =15 L LT, K L, FAMBISHELCRAIRE T8I UED
ORI L VEHE L HEE CoKMEL AR
W (Air) X0. 2301 — W (O5) DFHEEK

£ =

0,
W (Air) X0. 2301 X 100%
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K *) —{__°— %
(A= 15 DEE) p(r*) (

Pcoy + Puz )eq (1)
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H 2 F -V ERERIC B 2REEFIR O 5 2 M85k & REER B 11

£ 2 AFNRE (T*) & RPHRE L (K)

SREHT Fhs =it Pco-P o
K | A e |
) &Rz R Ar =80. 07
180° 30 1923 4.077 4.2889 2) BETREE T* °K i3 4 2 Mk
" 20 1949 3.945 4.3855 PR U SRR
" 15 1860 4. 354 4.0484 3 _ { Pco+Paso
” 10 1904 3.673 4.2162 Ke ()= (P002-PH20)eq- (r)*
” 5 1907 3.828 4. 2267
90° 20 1823 4. 402 3.903
" 15 1954 3.893 4. 4027

BRF. 2 ThhsXok Ke(r*) & K3k 180°, 270° D &4k & LIRFRI— R Bic» Y, bluff.

VIR L E T T body fR£5%IC X 3 WBRFERORE LW EE
ZDREH—RBI b 3ROV AR, S bhb,
RBbE 75412, ZOEA, #iLicRnTREEL 2 I=20cm X Y FHiMTl IEELILE VEATS
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TR R R 1665

1+ % EBRERE KX (1)
EHFS | AW AL E 7 2 #H 1% (%)
NO. 6° Jem | JP—4| CH, | CH, | CH. | CH, H,

SRR (P,- =1.057ata, T, =25C, u=22.(hn/s) *

A7=80.07 WEE RS (CC No. 2, "As - 24

11-10 9 40 0.050 | 0.052 | 0.047 | 0.062 | 0.034 | 0.522
-1 / 30 0.080 | 0.146 | 0.144 | 0.379 | 0.233 | 2.200
~12 y 2 0.137 | 0.105 | 0.502 | 0.953 | 0.575 | 4.514
—13 y 15 0.031 | o0.111 | 0.095 | 1.002 | 0.532 | 5.062
—14 ; 10 0.000 | 0.022 | 0.107 | 1.325 | 0.591 | 4.352
~15 , 5 9.509 | 0.231 | 2.679 | 0.907 | 1.211 | 4.033

11-20 | 180 40 0.016 | 0.060 | 0.009 | 0.092 | 0.060 | 1.311
—a1 v 30 0.024 | 0.054 | 0.057 | 0.666 | 0.331 | 4.925
—22 ’ 20 0.019 | 0.030 | 0.115 | 0882 | 065 | 6.012
—23 . 15 0.018 | 0.064 | 0.067 | 1.034 | 0.578 | 5.124
—24 ) 10 0.007 | 0.023 | 0.077 | 1.304 | 0.654 | 5.495
—25 v 5 0.006 | 0.024 | 0.141 | 1.499 | 0.813 | 5.566

11-30 | 270 40 0.06¢ | 0.050 | 0.049 | 0.044 | 0.035 | 0.403
—31 y 30 0.238 | 0.062 | 0.110 | 0.05 | 0.061 | 0.386
—32 y 20 0.23 | 0.137 | 0.473 | o0.458 | 0.357 | 1.641
—33 " 15 0.065 | 0.072 | 0.483 | 1.491 | 0.828 | 5.507
— 34 , 10 0.024 | 0.044 | 0.353 | 1.665 | 0.893 | 5.545
35 ’ 5 11150 | 0.201 | 2.979 | 0.946 | 1.224 | 4.166

' fﬁfﬁg‘é (P, =1.085ata, u=21.6m/s)

12-60 | 340 40 0.034 | 0.061 | 0.109 | 0.393 | 0.188 | 3.371
—61 v 30 0.193 | 0.111 | 0.552 | 0.660 | 0.400 | 4.646
—62 ’ 20 1.681 | 0.161 | 0.852 | 0.448 | 0.418 | 2.178
—63 v 15 2.783 | 0.143 | 0.978 | 0.457 | 0.465 | 1.995
—64 ’ 10 4372 | 0.143 | 1.037 | 0.344 | 0.412 | 1.564

*P | IR A OMIE (ata), T, D A DIRE (°C)

u D RBEERIROK N I P R (m/s)

BAlciE R L wigAi, Th=25C, MeedsiEfit CCNo. 2

B2 24 22 E2E2EDLT,
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WA Z— U FHETERBERRC B4 B IRBEEIR o 77 2 H1ik & 1R GEIR 8

A M B (=r%) RO R R A 5

CcoO CO, 0. N, Ar mx, & m?éjﬁﬁ ﬁnc%$
1.987 6.820 9.862 79.572 6.991 22.01 78.54 90.89
5.703 6.885 6.172 77.089 0.970 13.78 69.98 W
10.378 6.914 1.948 73.022 0.951 8.75 90.00 »
10.447 7.991 0.213 73.587 0.930 9.00 98.91 »
10.570 8.113 0.174 73.797 0.941 8.78 99.12 "
8.039 6.440 2.782 63.112 0.969 1.66 83.47 y
3.669 7.125 7.821 78.860 0.976 18.45 77.28 4
10.461 7.693 0.581 74.279 0.929 9.72 97.07 4
11.802 7.274 0.216 72.077 0.916 8.70 98.88 "
10.538 7.291 0.537 73.794 0.954 9.35 97.27 ”
10.733 7.568 0.558 72.654 0.927 8.81 97.12 #
10.850 7.638 0.466 72.066 0.931 8.41 97.57 "
1.285 5.074 12.671 79.392 0.960 29.31 78.48 ”
1.233 2.452 16.473 77.974 0.955 33.72 46.73 n
6.517 7.116 5.844 76.194 1.027 11.18 71.24 "
10.748 7.277 0.926 71.670 0.935 8.08 95.16 "
10.179 7.934 0.315 72.116 0.932 8.18 98.36 4
7.428 6.311 2.705 61.849 0.952 1.44 83.60 "
8.661 8.337 2.618 75.277 0.950 10.72 86.96 93.19
9.617 6.880 3.147 72.845 0.949 9.14 83.80 "
4.173 3.415 12.473 73.238 0.963 7.92 36.14 "
3.246 2.676 13.977 72.325 0.952 5.98 27.54 ¥
2.663 2.593 14.458 71.473 0.941 4.30 24.16 v

This document is provided by JAXA.



28

AT TR R 1665

{F % L EHER B X (2)
EBERS | A& B mE o2 Mok (2En%)
NO. x lom | JP—4| CH, | CH, | CH. | CH, H,
lé:*i%r; (P, =1.114ata, u©=21.6m/s)

13— 10 90 40 0.210 | 0.109 | 0.226 [ 0.347 | 0.117 | 1.311
~11 y 30 0.863 | 0.132 | 0.455 | 0.304 | 0.290 | 2.278
~12 ’ 20 9.339 | 0.126 | 0.758 | 0.204 | 0.450 | 1.988
~13 ’ 15 2.433 | 0.046 | 0.985 | 0.380 | 0.602 | 2.414
—14 y 10 1.80 | 0.117 | 1.192 | 0.59% | 0.822 | 2.083
~15 " 5 15.181 | 0.221 | 2.146 | 0.070 | 0.830 | 1.355

13-20 | 180 40 0.148 | 0.096 | 0.206 | 0.423 | 0.282 | 3.047
~21 " 30 0.038 | 0.13¢ | 0.517 | 0.669 | 0.417 | 3.520
—22 ’ 20 1.706 | 0.166 | 0.805 | 0.534 | 0.486 | 1.377
—23 ’ 15 1.511 | 0.164 | 0.814 | 0.514 | 0.57 | 3.085
—24 ’ 10 1.479 | 0.203 | 0.951 | 0.606 | 0.728 | 3.381
—25 ’ 5 1.331 | 0.211 | 1.122 | 0.731 | 0.897 | 2.719

13-30 | 270 40 0.378 | 0.107 | 0223 | 0.220 | o0.146 | 1.424
~31 y 30 1.252 | 0.065 | 0.332 | 0.147 | 0.157 | 0.429
—32 v 20 2701 | 0.096 | 0.52 | 0.164 | 0.269 | 0.786
—33 ’ 15 2.715 | 0.130 | 0.715 | 0.250 | 0.413 | 1.605
—34 ’ 10 2.179 | 0.177 | 0.987 | 0.346 | 0.617 | 1.992
—35 v 5 9.460 | 0.151 | 1.312 | 0.121 | 0.575 | 1.857

fﬁiﬁ% (P, =1.120ata, u=21.9m/s)

14—60 | 340 40 0.370 | 0.129 | 0.294 | 0.244 | 0.180 | 2.226
—61 v 30 1.700 | 0.104 | 0.343 | 0.114 | 0.189 | 1.189
—62 v 2 3.160 | 0.086 | 0.495 | 0.081 | 0.266 | 1.156
—63 " 15 4232 | 0.100 | 0.541 | o0.104 | 0.308 | 1.174
— 64 y 10 6.660 | 0.071 | 0.458 | 0.016 | 0.199 | 0.772
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A Y — € RE RS 31 DIRBEBUR O 4 A MR & SRBER 18

@K (EA%) Bk E | R RE| ® B
co | co, 0, N, Ar L RS %uc%$
6.117 8.127 4.884 77.459 1.031 11.73 76.36 88.89
5.385 4.324 10.050 74.862 0.969 10.47 49.66 ’
4.351 1.938 14.195 72.625 0.937 6.87 26.72 n
5.218 2.141 13.148 71.684 0.947 6.24 31.23 u
7.000 2.757 11.159 71.345 0.979 6.35 41.36 "
5.316 2.598 10.130 61.280 0.874 1.19 38.02 "
7.346 7.412 4.041 75.942 0.968 11.25 80.05 "
7.887 6.410 4.769 54.315 0.974 9.61 75.94 u
6.789 3.569 10.512 73.046 1.013 7.00 46.04 "
6.726 3.119 10.376 72.138 0.959 7.45 46.07 "
7.199 2.959 10.192 71.353 0.948 7.17 46.44 "
8.456 3.172 9.308 71.076 0.977 6.87 50.90 »
4.973 7.064 6.811 77.668 0.987 12.59 67.12 "
2.687 2.343 15.960 75.619 1.011 12.22 20.87 "
2.400 1.114 17.607 73.512 0.823 7.17 10.20 "
3.386 1.424 15.838 72.583 0.939 6.55 18.19 u
5.212 2.076 13.512 71.943 0.960 6.68 29.58 "
3.730 1.649 13.804 66.481 0.861 2.06 22.15 "
5.456 6.697 6.966 76.478 0.960 12.16 65.85 91.92
2.827 2.331 14.824 75.427 0.953 9.89 26.31 Y
1.931 0.856 17.807 73.241 0.914 6.47 8.84 y
2.098 0.947 17.360 72.222 0.905 4.90 9.88 "
1.175 0.697 18.273 70.804 0.874 3.29 3.24 u
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i % 5 O RS A (3)
| gmmy | AR R E wox Ml & (Ea%)
lNQ g° lm | JP—4] CH, | CH, | CH, | CH, H,

;?f*i?i?ﬁ#%z (P, =1.06lata, u=22.7m/s)

15—10 90 40 0.028 | 0.05 | 0.001 | 0.002 | 0.007 | 0.065 |
—11 ’ 30 0.027 | 0.071 | 0.015 | 0.015 | 0.012 | 0.30 |
~12 ’ 20 0.019 | 0.068 | 0.051 | 0.182 | 0.067 | 0.841
—13 ’ 15 0.006 | 0.066 | 0.019 | 0.188 | 0.064 | 2.030 |
—14 p 10 0.000 | 0.049 | 0.009 | 0.35 | 0.148 | 3.068 |
~15 ’ 5 5.000 | 0.279 | 2.591 | 0.764 | 0.873 | 3.672

15-20 | 180 40 0.021 | 0.061 - 0.000 | 0.005 | 0.062
21 ’ 30 0.007 | 0.070 | - 0.025 | 0.014 | 0.436
—22 ’ 20 0.004 | 0063 | - 0.040 | 0.018 | 1.290
—23 ] 15 0.002 | 0.066 | - 0.033 | 0.014 | 2.181
—24 ’ 10 0.001 | 0.057 - 0.118 | 0.059 | 2.742
— 25 ; 5 0.002 | 0.043 | 0.007 | 0.353 | 0.159 | 1.425

15-30 | 270 40 0.020 | 0.054 | 0.002 | 0.004 | 0.006 | 0.051
31 : 30 0.045 | 0.040 | 0.001 | 0.002 | 0.007 | 0.024
—32 v 20 0.024 | 0.075 | 0.0 | 0.021 | 0.015 | 0.285
—33 v 15 0.00 | 0.061 | 0.0 | 0.172 | 0.060 | 0.984
34 v 10 0.002 | 0.048 | 0.053 | 0.720 | 0.223 | 1.305
—~35 ' 5 3.826 | 0.250 | 2.393 | 1.034 | 0.935 | 3.602

fﬁfﬁﬁi (P, =1.084ata, u=23.1m/s, W4 14 )

16— 10 90 40 0.026 | 0.060 | 0.007 | 0.030 | 0.025 | 0.836
~11 v 30 0.150 | 0.001 | o0.187 | o.168 | 0.15¢ | 3.214
—12 ’ 2 149 | 0.138 | o0.911 | 0.319 | 0.610 | 2.757
—13 y 15 1690 | 0.144 | 0958 | 0.328 | 0.670 | 2.566
14 ) 10 3.377 | 0.164 | 1.38 | 0.400 | 0.889 | 3.411
~15 p 5 1686 | 0.078 | 0.615 | 0.116 | 0.339 | 1.036

16-20 | 180 40 0.015 | 0.031 | 0.018 | 0.057 | 0.060 | 2.884
—21 ’ 30 0.060 | 0.058 | 0.161 | 0.240 | o0.214 | 5.031
92 o020 | o4 | 049 | 0743 | 0.385 | 0.605 | 4.900
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ALY — CRHETERRBERRC 31T DIRPEBUR D 1 AR & SRBEIR 1B

31

g 2 MK (1%) B AT | B E % -3
e B |WHRBR B FE| B 2 S
co co, 0. N, Ar 1L c % ne%
0.271 5.272 13.657 79.651 0.990 35.76 85.15 88.95
1.318 8.207 8.566 80.429 1.001 21.38 85.62 "
6.283 11.208 1.098 79.124 1.059 11.44 94.80 "
5.478 10.583 1.132 79.444 0.988 12.56 94.66 “
7.893 9.872 0.357 77.281 0.966 10.91 98.27 4 ‘
7.219 8.100 1.709 68.750 1.034 2.85 90.638 "
0.531 8.018 10.465 79.788 1.046 23.86 80.85 “
3.926 12.502 1.490 80.480 1.067 12.79 93.06 #
6.458 11.156 0.342 79.622 1.029 11.82 98.39 "
5.820 11.034 0.118 79.762 0.992 12.39 99.45 "
7.192 10.313 0.048 78.504 0.982 11.61 99.77 n
8.367 10.702 0.109 77.780 1.051 10.26 99.48 "
0.232 5.413 13.683 79.538 0.989 35.04 82.94 "
0.214 2.444 18.596 77.589 1.038 65.95 44 .57 "
1.510 8.194 8.465 80.385 0.998 20.94 84.46 "
6.114 11.272 0.979 79.258 1.049 11.60 95.37 n
8.082 10.612 0.278 77.627 1.049 9.99 98.66 #
7.684 7.934 1.846 69.464 1.031 3.36 90.04 ”
4.458 9.487 4.958 79.094 1.016 14.55 76.50 86.61
8.045 7.413 3.792 75.840 0.946 11.33 81.25 n
5.751 2.117 13.111 71.853 0.937 8.17 31.58 4
5.428 1.759 14.013 71.212 0.932 7.04 26.22 "
6.571 2.139 12.230 63.507 0.930 4.45 33.07 #
2.762 0.935 17.627 73.856 0.948 10.15 10.51 ’
7.341 8.532 3.202 76.903 0.957 12.51 84.39 y
10.918 7.307 1.449 73.630 0.923 9.78 92.62 4
10.898 4.998 4.746 71.231 0.922 8.39 75.02 u
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f & EBEE K E (4)
EBRES | A & R WA E ¥ o2 M &k (24%)
NO. 6° /ewm | JP—4| CH, | CH, | CH CH., H,

16—23 180 15 0.531 | 0.220 | 1.147 | 0.537 | 0.949 | 4.047
—24 : 10 0.605 | 0.239 | 1.479 | 0.683 | 1.303 | 6.133
—25 " 5 1.664 | 0.210 | 1.887 | 0.746 | 1.483 | 6.186

16—30 | 270 40 0.065 | 0.057 | 0.036 | 0.017 | 0.031 | 0.263
~31 : 30 0.156 | 0.070 | 0.097 | 0.026 | 0.068 | 0.562
~32 ’ 20 1.155 | 0.154 | 0.858 | 0.307 | 0.571 | 2.120
=33 ’ 15 1.370 | 0.220 | 1.415 | 0.578 | 0.999 | 2.887
—34 ’ 10 1.801 | 0.260 | 1.634 | 0.667 | 1.202 | 4.854
—35 ’ 5 8.668 | 0.207 | 1°804 | 0.454 | 1.088 | 4.110

IR (p—1osata, w=28.3m/s, WS 19)

17— 60 340 40 0.015 | 0.063 - 0.007 | 0.011 | 0.706
—61 ’ 30 0.202 | 0.088 | 0.176 | 0.061 | 0.111 | 1.398
—62 " 20 1.371 | 0.102 | 0.510 | 0.153 | 0.348 | 1.507
—63 » 15 1.570 | 0.088 | 0.480 | 0.162 | 0.333 | 1.416
—64 " 10 2.086 | 0.077 | 0.464 | 0.139 | 0.303 | 1.213

fﬁi‘:;ts (P. =1.077ata, u=22.4m/s)

18— 12 90 20 [ 0.164 | 0.093 | 0.622 | 0.958 | 0.661 | 5.402

.fﬁﬁﬁ% (P =1.088ata, u=22.8m/s)

19—12 90 20 | 0310 | 0.113 | 0.755 | 0.907 | 0.65 | 4.010

fﬁiﬁ% (P, =1.093ata, u=23.0m/s)

2012 90 20 0.552 | 0.156 | 0.851 | 0.777 | 0.638 | 4.218

fﬁiﬁ? (P =1.100ata, u=22.8m/s)

21— 12 90 20 1.099 | o0.164 | 0981 | 0582 | 0.682 | 3.617
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72 5 = € FHETARSERNC 1515 5 ARBHEN 0 A 58 L IR B 33
A # X (£1%) B | B E " B
FiN Ji7 OB E W k2 54
C O C 02 02 N2 AI’ 11 L € % Ne %
10.656 | 4.612 | 5.027 @ 71.318 | 0.957 7.17 73.57 86.61
12.768 | 4.315 | 4.175 | 67.375 | 0.924 6.35 76.77 ’
|
12.416 | 4.010 | 4.682 | 65.783 | 0.932 4.70 73.31 y
1.541 | 5.483 | 12.630 | 78.898 | 0.978 26.77 71.35 ’
2.322 | 4.245 | 13.723 | 77.761 | 0.970 24.85 56. 06 .
5.858 | 2.566 | 12.734 | 72.711 | 0.966 9.19 34.34 ’
9.204 | 3.322 | 8.922 | 70.000 | 0.993 6.40 52.27 ’
9.527 | 3.257 | 7.810 | 68.059 | 0.931 5.36 56.97 !
7.963 | 2.808 | 8.664 | 63.365 | 0.868 1.93 48.73 v
2.944 | 10.077 | 4.936 | 80.242 | 0.998 15.97 81.93 86.23 |
e
4.138 | 7.554 | 6.923 | 78.201 | 0.968 13.99 66.85 ’
2.85¢ | 1.127 | 17.160 | 73.932 | 0.935 11.57 12.97 ’
2.186 | 0.893 | 17.816 : 74.127 | 0.931 11.19 9.89 ’
2.299 | 0.821 18.45§_J 73.219 i 0.924 8.97 5.50 ’ |
' T ; =
10.942 |  6.194 J, 2671 71349 | 0.945 | 8.4l 85.96 91.00 |
: [ S
10.057 | 5.627 l 4.619 | 71.96¢4 | -0.983 } 8.51 75.93 92.70
[ T | i R
8.868 | 4.957 i 5.999 | 72.017 | 0.969 8.48 68.77 94.40
7.663 | 3.147 | 9.307 | 71.784 } 0.972 7.98 51.39 92.70
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& ABEER—EE 6
EBES | A X 2 WAL & b8 Z #H % (£19%)
NO. g° [ lem | JP—4| C,H, C,H, C.H, CH, H,
L{KZEM I _ _
Lr—E50 4 (P =1.110ata, u =22.8m/s)
2212 90 20 1.908 | 0.147 | 0.906 | 0.348 | 0.547 2.138
SRR _ _
Xr =557 (P =1.110ata, u 22.8m/s)
23—12 90 20 2.392 | 0.116 | 0.737 | o0.274 | 0.383 1.968
L RZEm I _ _
Ar=51.5 (P. =1.120ata, «=22.6m/s)
24—12 90 20 2.487 | 0.111 0.767 | 0.126 | 0.318 1.648
SRR (P, =1.080ata, u=23.0m/s, WEE32HE% : CC No. 21)
Ar=79.61
25—12 90 20 0.100 | 0.090 | 0.465 | 0.694 | 0.491 4.082
fﬁfg% (P =1.080ata, w=23.0m/s, MAE4SHE : CC No. 21)
26—12 90 20 0.189 | 0.160 | 0.892 | 1.037 1.022 5.245
A1 =69.96
F27—12 90 I 20 | 0.257 | 0.322 | 0.951 1.102 1.229 5.480
SRR (P =1.080ata, u =23.0m/s, MR @ CC No. 21)
At=63.88
28—12 90 20 0.472 ‘ 0.336 1.594 1.085 1.611 5.503
ERzERL (P =1.070ata, u=23.2m/s, BAEEIHEE 1 CC No. 21)
Ar=58.16
‘L 29— 12 90 20 1.472 | 0.200 1.117 | 0.461 0.826 3.130
SHEMRL (P =1.080ata, u=23.0m/s, #3247 : CC No. 21)
A r=54.59
30—12 90 20 | 1.974 | 0.202 | 1.055 | 0.38 | 0.743 | 2.485
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H AL — ¥ RETERBERIZ I DRI O 7 X #AR & G 8

A M K (%) B R |BEHBE| B &
co T <o . - " mode )R m%’ >
5.575 2.023 12.548 72.879 0.983 7.32 35.45 92.90
4.194 1.820 13.568 73.586 [ 0.962 6.97 30.87 94.15
3.352 1.590 14.473 74.164 0.964 7.18 26.83 85.80

10.472 7.128 2.309 73.219 0.949 9.06 88.17 85.56
10.451 5.606 3.874 70.599 0.926 8.20 79.43 76.76
10.731 5.289 4.304 69.393 0.942 7.63 76.75 73.96
9.971 4.264 6.090 68.590 0.935 7.07 66.71 63.90
6.546 2.246 11.952 71.117 0.933 7.52 36.99 55.14
5.594 2.038 12.945 71.645 0.933 6.87 32.26 50.64
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BT H WU e R 1665
% 5B R R WK (6)
Eggsr | A8 % WA E 77 2 M o (2a%)

NO. 6 lm | JP—4]| CH, | CH | CH, | CH, H,

ZRERL (P =1.080ata, u=23.0m/s, MEIHTI :C C No. 21)

Ay =149.39

iﬁ 31—12 90 20 2.375 0.179 1.045 0.298 0.621 2.349

fi*fsf‘g (P =0.43%ta, u=21.3m/s, HOIH: 1)

32— 10 90 40 0.097 0.081 ' 0.054 0.012 0.025 0.276
—11 " 30 0.255 0.100 0.161 0.048 0.068 0.965
—12 Y 20 0.522 0.192 0.665 0.424 0.360 3.632
—13 " 15 0.213 0.139 0.696 0.834 0.573 5.597
—14 " 10 0.299 0.159 1.063 0.971 0.810 5.728
—15 " 5 2.368 0.189 2.098 0.546 0.901 3.766

Csm | 10 40 0.012 | 0084 | - 0.009 | 0.007 | 0.556
21 ” 30 0.013 0.050 0.007 0.020 0.008 2.616
—22 ” 20 0.021 0.080 0.081 0.168 0.119 4 467
—23 n 15 0.016 0.063 0.152 0.442 0.240 5.452
—24 n 10 0.016 0.061 0.343 0.790 0.544 4.825
—25 " 5 0.082 0.085 0.722 0.869 0.747 6.049

32—30 270 40 0.129 0.074 0.073 0.019 0.034 0.247
—31 " 30 0.337 0.062 0.152 0.030 0.065 0.360
—32 " 20 0.809 0.144 0.706 0.308 0.351 2.318
—33 " 15 0.455 0.170 1.025 0.778 0.705 . 4.789
—34 4 10 0.651 0.186 1.379 0.812 0.853 3.609
—35 " 5 2.645 0.220 1.378 0.384 0.657 2.738
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HRE— L BETEREERNC 31 DIRGEFIR O F A HInk & REEIRfiE 37

oo M R (2% B e | ARk om0
TR A
co co, 0, N, Ar 1. e % e %

‘F 4.657 1.839]. 13.957 71.746 J 40.933m 6.48 , 27.06 53.37 [
1.376 5.190 T 12.779 ; 79.127 0.983 27.31 71.81 ‘ 74.21
3.294 4.921 11.403 | 77.809 0.977 " 18.80 56.45 "
8.033 4.454 7.562 73.209 0.947 9.87 61.27 n :
11.021 5.369 3.441 71.188 0.928 8.56 81.88 " |
11.118 5.366 3.409 70.136 0.940 7.70 81.77 "
6.859 | 3.119 | 10.251 68.908 0.995 5.12 44 .23 "
2.476 8.443 7.221 80.212 1.005 19.03 84.02 "
7.557 i 9.621 ' 0.814 | 78.318 . 0.976 11.88 96.10 ’
10.419 8.078 ! 0.505 é 75.100 : 0.961 10.22 97.48 "
11.475 | 7.260 | 0.5% | 73.431 | 0.934 9.52 97.26 "
12.819 i 6.774 0.706 ’ 72.176 0.946 | 8.43 96.33 ”
12.596 I 6.443 0.897 E 70.572 0.938 7.85 95.23 »

1.231 ; 3.714 15.154 78.343 0.982 32.64 59.78 "

1.030 : 0.995 19.397 76.602 0.970 . 38.27 12.91 "

5.156 ! 2.665 | 12.840 : 73.743 0.960 11.47 34.72 "

9.803 4.550 5.848 70.931 0.946 8.28 69.09 ”

9.674 4.651 6.390 | 70.805 ' 0.990 7.44 66.16 v
135'457 2.612 12.327 ‘ 70'61?; 0.972 5.49 34.55 ” ;
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