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Effect of fresh air/exhaust gas combination on performance

of wave-rotor-topped gas turbines

XING Fei', ZHANG Lingi', CHAN Shining®
(1. School of Aerospace Engineering,
Xiamen University, Xiamen Fujian 361102, China;
2. Aircraft and Propulsion Laboratory, Ningbo Institute of Technology,
Beijing University of Aeronautics and Astronautics, Ningbo Zhejiang 315800, China)

Abstract; For the wave-rotor-topped gas turbines, the exhaust gas recirculation and the
fresh air exhaustion phenomena in wave rotors were considered and the status how the fresh
air or exhaust gas splits and merges due to the phenomena was studied. The thermodynamic
governing equations were derived, comparison and parametric investigation on the general
designs was conducted, and regulations in the parametric investigation results were analyzed
based on thermodynamic models. Results showed that: the exhaust gas recirculation and the
fresh air exhaustion reduced the work output and the thermal efficiency by different degrees;
the effect of the exhaust gas recirculation was smaller than the fresh air exhaustion; an ap-
propriate increase in the wave rotor pressure ratio could keep the general performance of the
wave-rotor-topped gas turbine with the effects of the exhaust gas recirculation and the fresh

air exhaustion.
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Table 1 Physical properties of thermodynamic model

of wave-rotor-topped gas turbine

A K
Yair 1.4
Veos 1.33
Cpoair/ (kJ/ (kg « K)) 1. 005
Cpogs/ (KJ/ (kg « K)) 1.148

xR2 REFEINLGRHRNBERSH
Table 2 Parameters of the realistic thermal cycle of

wave-rotor-topped gas turbine

A Ko BT K
7 0.796 T 3.6
N 0. 84 Teomb 0.98
T 0. 83 e 1.8
Tt 0. 83 po/Pa 101325
it 0. 83 T,/K 1116

Mitst 0.83 T,/K 300
Mi-ze 0. 83
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Table 3 Performance of wave-rotor-topped gas turbine under different mass-flow ratio combinations
S 1 5 5 A 5F
PEGR PFAE A K
TEEFR T/ (k] /kg) R/ TEEF 2 (k] /kg) R/ %
0 0 292.10 34.51 161. 30 19. 86
0.1 0 292.10 34.51 156. 80 19. 30
0 0.1 264. 49 34.52 139. 74 18.99
0.1 0.1 264. 49 34.52 135. 41 18. 40

M5 3 Al AL FAE Jii i il AH [F] (0 EGR i
BR[O 58 - A BLAELIE 24 b HL A AH ] A 0
T AR s E IR AE P5 R EGR B £ 19 J7
ZAET) AR T AL., EGR J 8 b A 7] L AL
FAE it & Ho 09 AS [a) 19 77 22 76 P R8O 34 L 52 B 6
IR It FAE T 2 (9 J7 S 106 B0 2 A 76 S AR
W FAE B 2 09 J5 2 V02 0, 1 22 554X
0. 01 AN E 4y 2 AR /N s AL L BRI 3R v FAE B2
(977 ZE AR B B ARG, 22 R B2 0.9 A
G R IXRE RS 628 R Sl AL AR T A R AR
R H AR, B 2258 5 5 40 S 5000 i
HE— 25 o3 BT H S e R
3 SETZR/MBERIRAEGHNREET

EoHERESE S
301 BER/MESIRAREAG SEEENZME

2 SVIHARTE B 7 MR I FAE 5 EGR
NEL . FHEAELZR TR IE . EIK. FAEYS
EGR FJi i L6 5% ) 2 5 3 L2 ik 09 T 5T I
L YT RS SRR RE . B R SO S B B
TAEE e 58 FAE, EGR ¥ & %F 34 1K M g 1y
A

SRR I A B T R R i 1 4R
HBER) R 134 28 miow » B XN mow = pu/ 1o JETIHE
5 T AFAFBIEN 1w =p2/p1 s 1o [RFW T
IR P8 2 F A A0 AL B M T R B S
W 7 1) R Sh AL S VR A0 B0 Jn HE 10 8 R ) 2 U8
B 7 T 1 X ARG BR R LR T BB 4R AR . EGR.
FAE i & Ho % 8 5% 1 P T3 38 25 o A S5 1
R ENHL T AR FR A& 5 s .

5Ca) J&: L PRE PR N FAE 8¢ EGR i i b
BURT 7100 5 0 A B 2R & . 7w B FAE 8 EGR R
BB R N . X UL B FAE 5t EGR
DLk LA 1 R B ST R S Uk T N B
H 2 I ok R 014 g — Pl I O e S A A 5 7 I

e H CEAML FUIRES IR AR AT IR BE 45 2 11
LR (AR 2 Fr ) - 5% 1 75 220 58 4 1 W ik A
A DLOREE B B 09 8 1 18 5 T 0 2 U T I ik
PR E T Cp O BEAK, T L) 0w = 00/ b1 FEAK .

E 5(b) ~ &l 5 (o) 43 ) J& & 2l Bk <P I
TR R R, B 5(b) ~ &
5Ce) 1Y PIAS 2k 43 A U6 W], FAE 8¢ EGR i & Lt
IS S €T 7T & w0 0T A N/ (DS M A <
(b) FIE 5 Co) By 2\ A s {8 3 Fl AT 0 418 26 2 (4 A
X AR R F WA A BT DL RRIOR =W /Q 2
WYL T 5 (D) s

YRR [0) %) tE FAE 5 EGR 5 0 R B () 22
5. B 5(b)~FE 5(dD) Mg L, i 2R (pror S 1H
2R Bl rar 28 AR T AR 10D B AF R K T L LR Cprar
SEHZ BE orox AL AZ 40D L U0 W] EGR X 1/ 26
Ty AR AR E I 52 e R AR 2 /N T FAE

—— 0,0

1.0 f —F— @001
—A— ‘P[.»A,;:O-z

—B— 0.3
0 0.1 0.2 0.3 0.4

¢li(;k
(@) Peprn (pICGRXrJ'n-Im\ 95 i

0.9

160 F

140 -

120

(pEGR: :

Wi(kJ/kg)

100 |

80 0 /
/ (pFAE:0,3

60 : - :
090 095 100 105 110 LIS 120

T,

(0) 0y O, MBI I




LA X P T S S AL BE Y R IR 231

%2 VI S W R
900 .
' Pon=0
800 | . —7 77
o) (/)EGR:O 4 / / / | / /
§ L / / [/
= / / /1 7
< 700 7y
Q ,/ 1/ L uf
/ (pFAE_O‘3 / // // /(PEGR 0

09 095 1.00 105 110 115 1.20

Tiow

(©) Ppprn Proce XTI IR 5EMR)

0.20
Z
(PFAEZO ///4'
7
% ’///’;
/ 7 N0
=015 ~ g EGR
¢E0R=(i'4%//(
/
}/ (9,0 =0.3
0.10
090 095 1.00 1.05 .10 1.15 1.20

nlo\\
(d) Ppup P MRS
lzl 5 QFAE » QEG RXT ﬁﬁ%ﬁ%ﬂlﬁ’]g‘
Fig. 5 Effect of grars ¢ror on

performance parameters

(. T HER A T8 5 (o) B i i W R L S22k i Rt
RIJLTH 0, UL FE (R4 FAE 8 L 49 A 25 1 1
BT AL A EGR i e % Dk 5 7 & s HLIY
W IR TL T A R

BT XA LA SR B T R S L
SR X FAE 9§ & L i) (09 BR324t EGR
T A RE ARG 2R 2 BRCR M RR S BR K
3.2 REHTFEEFMRRINREI BN M

B v K S HLIE 3 S 5 T
W 5% F A BRI F R KO R B 4T AT, A Y
(0 5% 7 2 ShALE RE Al 2 BT A8 4k, Jir LAAR 15 43
Mr il 5 1 (0 23 S TR LU e R SHHIL 4 988 46 BT 0L
R Jpt 2 140 S 3 10 0 o %) 050 R T0) x
TR SHLERPERE 2 . A B9 A HT N Rl
JE A F SR/ MR I TR W R T R L. S R
SO 3.1 AT 4 R B grar = 0. 1, gror =

Lo 7E 25 2 I it o i $2 T o G B 3R 1 R 48
FRSEr T s R B K A&l 6 Frs .

6(a) ~ &l 6 (b) T 7 16 1 T SR80 4 A
FOBE o B T (3G i TH v Ud B B 8 5 7 R
b Bk 2 S AL I 50 A T R A A I 0 R
fE. 1 6Co) b 78 6 B T 4 5 1 B 7E 4R ) 06 3
PR A — A EL A AR Ak B OF fie e TR CRL

300

250

200 F

Wi(k/kg)

150 1

100 * * y + :
1.0 1.1 1.2 1.3 1.4 1.5 1.6

(@) 7., TRHESS050

0.26 |
0.24

_ 022} i3] 7 '\n o
020} o e
// S IT=1116K

018} =t

0.16 t
1.0 1.1

1.4 1.5 1.6

l

() 7, Tjﬁ‘??w@f?lﬁ@%ﬂﬁ

op LMK — -

1.0 1.1 12 13 1.4 1.5 1.6
T

low
(c) 7. TXHEH ? TR T, A5

Bl 6 e To X PERES HUHIRE M

Fig. 6 Effects of 7y, T, on performance parameters

Ty B8R . FE L IEAI R LR . 55 L
W&em,{ﬁiﬁ T, oK. XAFG 116 3V RE Bl
16 B 14 Fe LU 6 20 S5 e W BE T I O Y A
JRH

B 6(c) iy T, 5 T, FE7E 30 ~245 K 1y i
22 XS I A BT N BRI K R 22 . B Ik
Job R ) a2 B I T BB s i B K B BE s L 3G
B LABRRE T, PRGNS o B I NG T, B3
e TR0 AR U8 A - 0] E AV A R G I I B SR A
T R B B e i RE | 2 T B R R Sl LR RE Y
&l = [B= G| o R = R - W T = T = B2
TEBLHY B ¥ JON LA S H B S5 H i & e R 2
Fb i e E 11 S AR TR

%?Xﬂ‘?ﬁi%%ﬁtmﬂ%?ﬁﬁﬁﬁ%%%&ﬁ
BT B 8 - T L s e I AT LR K
LS ARYERE . Horb 48 5 R 1R e — o



232 o= @ o R

%35 %

FEE & SRS WA 55 /0N 1) R a4 TR A B R i
b A s A T AT
4 ETFHAAHBEIMER 200 [EIE
waiiy

ES B M ey 5 al b, gk — 25 X ek 5 7
JEEC AR 1.2 F0 1. 8 My SE bR 3R T-s &,
B 7 B . BT BT 8163 ) R SHLIE e
ME& . T, %5 .9t H EGR 5 FAE i & L 5 #F
HF 0.1,

1400

1200
1000 £

M
¥ 800}
600

400 ¢

200

0 0.5 1.0
s/(kl/(kg+K))
B 7 WEFEESA 1.2 1.8 WIEH T-s mEE
Fig. 7 T-s schematic diagram of wave-rotor-topped
gas turbine with wave rotor pressure ratio

being 1. 2 and 1. 8 respectively
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Table 4 Requirements on the wave rotor pressure ratio
to achieve the pre-set performance metrics with

different flow combinations
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