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Atomization and evaporation performance experiment of

evaporating tube for trapped vortex combustor
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Abstract: Two kinds of evaporating tubes were designed for trapped vortex combustor,
and their atomization and evaporation performance was experimentally investigated under dif-
ferent conditions of environmental temperature, vapour-liquid ratio, temperature and veloc-
ity of air for atomization. The results show that these conditions have great impact on the
performance of atomization and evaporation, and there is a significant difference of atomiza-
tion performance at different axial positions of the outlet of evaporating tube. The perform-
ance of two kinds of evaporation tubes was compared, and the better one was used as the oil
supply device of the interstage turbine trapped vortex combustor. According to the results
of the combustion performance tests, high combustion efficiency, wide range of stable com-

bustion and low wall temperature can be achieved in the trapped vortex combustor.
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Structural diagram of trapped vortex combustor

P8

P4

D8

d—l—b-

D6
40

60

i
K2 Z&RE | SME S (BAAL mm)

Fig. 2 Structural diagram of evaporation tube [

(unit: mm)



5511

GO AR A TR IR AR e A% A Ak e L 1 25 Ak 2 A v B 2497

M EAR B 0.5 mm, B ARG 7 Y B A% B2 45
4 s,
1.2 ZREENRBARSR

ST R GRS 5 B 5 R
PR WS HROR S AZ8 A8 10 R BB
ARG IR ARG KR S Hh £ 2 AL
BV A« TR SCROERE BEASURE i TR
xR

ARG R B AR L AR R 4R . ]
PR T 0 R AT 9 R O R R TE T A
A

K BB v SO B4 AR 28 D RO
HEA B K FHE X K E B K FEAT I AR i i i
A 1R R B P . R R ST AR AT W Y TR
3R B O AR it 2 K T L I AR K Y
Fe 77 28R Ji 3 o 5 AR 2R HS IS I ) K 3

15
<+
S
4 ===
- ;I -8 el
60

&l 3 78 RE I HME 254 Bl CGR AR mm)
Fig. 3 Structural diagram of‘evaporation tube [[

(unit:mm)

it

MR 2R G« % 2200 B T R SCIOE R
30t o FH B SR ST E S MLE A7 500 SR 4 T 4 At
A LA B0 55 1 R KK P 3 B4R (SMD) il il 55
B RS A FE R (ND.

1.3 BEEEHEZRKES

R ZEA A 6 R, 32 E AL 45 Y A
ARG NMARG POK ARG MR RGE L RS,

IR S8 E TR A R e B A it
A B I I AL AR R . K R R IR A
A A K FE R Ty R L R RS
AR A IE TR ST R R AR L D R S
F B A T 25 & R0 B0 4 B 4 F
JFH 000 2 R AT ) A A R R 4 T B AL

FE AR T L SR KA B A R R g A 7R
KA Gt AL IR ZER FE R L Ak
R B0 AT B A IR SRR S W0 B0 o B 2R 11

- 15
HARRE il .
l 2
I
S
= - . . 3 | . g—
60

B4 e R 3% Hom 2B 2 28D (B : mm)
Fig. 4 Relationship of test pieces (cold conditions)

(unit: mm)

IR SCHROERIE X

i8]

JE A4

: [

FEIESUM

BB RIS L

K5 il RaEE G5

Fig. 5 Schematic of atomization testing system (cold conditions)



Yo ST S
n=1—(m,/m)
PR B 850 4 25 4 BEA I 2 B4R S

2498 it = 3 K ¥ 5526 %
KE R AL
g LE Wit it ]
-7 ——"]
- 1 E . .
Hh e () B E
LB g || BER
) \ l Fa—ad
ATl E S
L
Q it
IE Tt
3E
P E U
B 6 & KIRE R G E AT
Fig. 6 Schematic of evaporation testing system (hot conditigns)
AN 7 B AR T B A 7 1 —
KREHERIWAEZRKR TGN Tk, A E6e F
HIRZKIR & ) AT Il ik B i 5 7 T AU [ sl
Jiiz gy, 7K 5 R BE R I B R BETE % L ) i ‘ —C s
Z B E I AR VETREE ) R 45 8. ZE VN B s N |
AN TR G R R T E T @& L1
Bl KN TF G my, CHH & R - RN 3 ‘ g
I m, ORI R KW 26 4 8. A 00 7% |

NATE S o EAR R B LA B ROR B 5853 R
FOUKIR S ITE L THE IR 3 b Bris 21 59 3 g 76 20
O3 g WREAT AR o B B 9CK 70 8 O SR
MAEFOKIREYRIBIREH R 4 T — B E 108
B3 A TS 0 20 5 85 4[5 6 R 3 R K
TR W0 Sl RE A R L 5 U0 e AS 22 5 L 7K
T AL P L T R Y K R R B

2 BABENLBERESW
2.1 HBEEZUASHEEMNZLZEHOKE
SMD &Y 8 i

B8 AR 9 iRz E I MELRE N O
W SMD WEZ8 & & 0 A V., B ZE 1k i

40
-3

B 7 B0 or B g (A7 mm)
Fig. 7 Schematic of centrifugal separator

(unit: mm)

ZRIAL L P AP L I B T I 2 ]
FEY . po A Q000 2678 78 S A8 B B K s T R4t
IR 5 pase I Quie 7 591 2 71 258 A8 B I U 0 AN
BEAR B B R DU L 7 (R — A 0
Ak BB 2O A A R, R ) SMID 12
Wl /N B 2SSO0 R AR B A RO B 2 s R



5511

GO AR A TR IR AR e A% A Ak e L 1 25 Ak 2 A v B 2499

AR B LAY, 1 RGR R SMD 3%
/).

100

05 [ —m—[=10mm —e—/=90mm
T —o—[=30mm —q—[=110mm
o0 | —a—L=50mm _p_j-130 mm
- L —w—[=70 mm
= 85t
€ gl —
i | — e,
T 5¢ A
Z 70} 4\
D
= est \\;
e
60 | y
55F <
50 1 1 1 L L L

45 50 55 60 65 70
2 UL (m/s)

Kl 8 SMD ffizs i V. 19381k
(GERE L, p.=0.8MPa, Q.=1.42¢g/%)
Fig. 8 Influence of air velocity V, on SMD
(evaporation tube | , p,=0.8MPa, Q,=1.42g/s)

140

130 + —a—[=10mm —e—[=90mm
: —o—[=30mm —<—[=110mm
1201 —A—[=50mm —»=£=130mm

—v—[=70mm

110 -
100 F
90
80 |

FIIRT A% um

70F

(‘n - 1 1 1
45 50 55 60 65 70

43 U /(mfs)

B9 SMD Bz S iid V. 24k
(GEEE, p,=0.8MPa, Q,=1.42g/s)
Fig. 9 Influence of air velocity V, on SMD
(evaporation tubell , p,=0.8MPa, Q,=1.42g/s)

2.2 EXEHOKHSMD BRAEHOMME
EEATW

K10 FE 11 ol 28 k8 1 fzs k4 1 1E
EREFHHNAET pa=0.058 MPa i}, i F#K
T SMD Vi I BB LA AR Akl £ &L
HR] LA Y LR R — K R Bt 5 1) B A 1
W 1 SMD J2 52 3 /1N B 18 K, i 10 e
TRLFEK A T AF 110 mm BE B M iE A &/ SMD
B, F R i, R TP XANE B R SMD iR
SN S P R DN = s e e
W SE A BT, BT A SMD #B% K, £ 20~110

mm 3 > 1 FE T AR O W 58 25 b SMID % i
U/ s B 110 mm BT 5 A 52 35 4k, SMD 35 3|
/0N Bl RS 1S KL BT/ IN IR 19 78 R Al
BER , AT SMD A2 K. i A EL 11 ] LUR
LR A L FERE T 90 mm Ab 25 1B 850 e 4F
XU W R 25 A TE AR TR Y AL S T A
F /MY SMD Fir 7 09 5 B 2 A —FE Y.

- \ ‘\-\.__,.--"
N

L i\n—-‘"‘“

0 20 40 60 80 100 120 140

Al 1] B S mm

—u—p =0.8 MPa
282072016 MPa
—a—p =04 MPa
—v—p, =0.2 MPa

=)
Ch

FRIOT-B A% um
e wn
o h

v

{

35

Pl 10 SMDJi i [ i BE B L 284k
(ZERE 1, pu=0,058MPa, 'Qi=2.2g/s)
Fig. 10" Influence of axial-distance L. on SMD
Cevaporation tube [ ,/p..=0.058 MPa, Q.. =2.2g/s)

95
—m—p =0.8 MPa
r —eo—p,=0.6 MPa
_ 85F = — p“=0.4 MPa
EL . i —v—p,=0.2 MPa
¥ s Hﬁﬁ“\ﬁ
g ’ N Q T .-""".‘.
:’Z osh \\
™55 ~ "
45 1 1 1 L L L
0 20 40 60 80 100 120 140

Sl B /mm

B 11 SMD B & ki iE e Ltk
(ZEEE . par=0.058 MPa, Qi=2.2g/s)
Fig. 11

(evaporation tubell . pu=0.058 MPa, Q..=2.2g/s)

Influence of axial distance L on SMD

2.3 SEkELZEHOKE SMD WM
WE YRR EEKRWE V, —E N, 1
KRIERENIW L AFR, ZF ALk B SMD /),
AR SR H RE R 2R R A I A R ORIK Y T
HEZ .
Bl 12 fE 13 il 228 L | MzE k% 1 7F
BEESH T L="50 mm &b Fr P45 09 H % SMD



2500 o7 @

1o AR

55 26 &

BE AU L 1 A2 Al it 2 Pt 2k R WL 7 ) — U
TS ALW SMD B SIS B 38 T i /), T
TEAATR) SO L A 25 1 TR 2 /=00 T B R W 55 1k
[ SMD /. AP B b ke g 8 | BE
SRR M 28 8 (L SR L T EL 2 A Ak
R A T By AR i 2 O X 25
PR P E VR T R T B g A Il T B
BHARLE | 2587, W Z TR = R
B PR X AR il T LR R 1] AR
KAE.

83 V,=63.71 m/!
. —m— V=057l mis
r v —e— |/,=50.22 m/s
E 75t L'h'. —a—V,=5242m/s
ar \\ —v— V,=45.68 m/s
é‘l:‘ I \
5 °f \
2 \
N8 T2 16 20 24 28 32
L
Kl 12 SMD B Lt AFR 724k
(K 1+ L=50mm)
Fig. 12_~Influence of AFR on SMD
(evaporation ‘tube | 5, L=50 mm)

130

120
110} \
100 |- \

90 |-
T \\K
0+ .

60

—u— | =63.71 m/s
—o—},=59.22m/s
—4a— V,=5242m/s
—v— |,=45.68 m/s

FRIRT-E % /um

10 14 18 22 26 30
ki1

K13 SMD R Ui Lt AFR #9722 fk
(ZEEE, L=50mm)
Fig. 13 Influence of AFR on SMD

(evaporation tube [l , L=50mm)

2.4 Stk . ZRREXNBEHRTHHAZ0

FALWFFE R BR T B S W T B AR AN i
SR YRR KN B 0 A 1 L W R ST o3 A
I ALY o5 — A F 224, m] DA 23 A 45

BN FRARWRG 09 RF o0 A5 25 N ORI, 55 10
T3 ) A - R SO R G 8 A5
TR L B R 0 A 45 80 2R AN A 14 A 15
s Rl DU L FE A TR A R V., &
PETR 20U L R, 25 10 RS A 18 0 Ok
TR ] ) SO 2R T 28 RO 4 R SRR
A A RO /N 45 R T AT AT O L
RAM 2l SMD F F dLfili 55 e #s T3 27 HR
FAIRN SR LR 38 R, SMD A, 25 16 RS 43
Aii F5 RN L Z5 AL AN 2.

22
—m— {25
2.1 —e— (it 1.4

Iy
- T
BN

-
ﬁ 1.9 \
iy
&
S 8
1.7}

1.6 1 1 1 I Il

45 50 55 60 65

ULV, (m/s)

Bl 14 rAfe % N Rz S V. i34k
GEXRE T . L=50mm)
Fig. 14 Influence of V, on N

(evaporation tube [ , L=50mm )

—m— "R 2.5
—e— "k 1.4

I —~—

™~

ra 12
= =
1] L 1
/

Sy AR

1.8 1 1 1
65

45 50 55
SALIEEE V., /(mfs)

Bl 15 Zrffe%k N Rz <mE V. 284k
(ERE N, L=50mm)
Fig. 15 Influence of V, on N

(evaporation tube [l , L=50 mm)

A WE A E RSN E MRS &t



%114

GO AR A TR IR AR e A% A Ak e L 1 25 Ak 2 A v B 2501

PRI | RSB B 6 A 1 AT
3 BRERARABRERROMNM

7% B AR S O SCAY R L H B9 A T A
FHAABE DX AR BE ™ L5 1 P 20 ORI AR LR A R
IR PN:EY 3 SV NTTEIR G IS -V &N 3 CEES
IR Y PR RE AR 25, BT DL A0 BEBIF 50 2% 45 TE A
Be & SR TARIRET b i 78 K 1R BE.

3.1 RBEREMFZERXENHI

UnTEL 16 FT i » 26 Ao AR Bt A 28 A A8 BT AR R 85E 1Y
ik J3E ) 39 T T B v S5 AL R ) O A N LR
(2 S A . Ta) B R B vy 2 e R Y AR AL KR
WA 16 B, f T ] — A2 SO R . 24 0 B2
150 ‘C 3 420 °C i, il e BRI 28 R RE N8
M3 R X BRI 2% PR R il B S WA 2R
AR RN R EERE L — P& 28R
4 o 3 2 72 e 11 e 23R R 3 15 T A il
1 B — S R L 28 R RN il K 1A A A AR AR AU
AR YN WoE ARy & &y & SIVER - IS

100

[ —=—457m/s —a—50.2m/s
—e—524m/s —v— 854 m/s

8o} o
L '____________'//

v
60+ /

i k__________________...;——a

40t

20 .’/4.?7’/.

F —

I %o

0 " h L . L .
100 200 300 400 500 600 700 800

MR C
Bl 16 75 kR WA 5 0 3 AR Ak th 2k 18
(FEXRE D
Fig. 16 Influence of environmental temperature
on evaporation rate

(evaporation tube [ )

B 16 38 AT LLUE 7R 45 P 28 S R ik an
45.7 m/s B, MR F] 720 CHEL KR F AN
30 %0 5 A8 P 28 ST BB AN 85. 4 m/s B, I BE
FE 150 CZERFHMAE T 655, XU ERNER
T X 78 R A A5 R Y AR K.

3.2 EEABEEUASREMZLERNTIT

Bl 17 BTR 9 2 25 R R Bl 78 K A8 N 28 ATl
A TR BT T LA 7 AR [R] 0% RS I BE AR A
T 78 R S AL R A 28 &R A R B N

ZE R AR 2 SPGB AE 45 m/s [
U ANFEAE 85 m/s B AT 2% A A 22 i B 5006 72
A 3 U I T 0 S U R R R 2R R AR R R

100
80
& 60f /
¥
¥ 40t
—=—150C
—e—420C
20F —a—570C
—v—720C
0 L . . L
40 50 60 70 80 90

FERAE NS i mis)

B 17 ZERFEMETHE VA2
(ZERE)
Fig. 17—Tnfluence of V, on evaporation rate

(evaporation tube [ )

4 RKBAELAE | NIERKEERN
WA J5% 1 BE

xR ZE L 1 B E IR B be = AT R et e
I I, MR be % i 45 A 7 B L 1 R L i
S HOE ER i 0SS 0.3~0.6, F
HE 2SR R 2R R R R R TR E
B~ 300 °C, WF5E 45 R R W], 78 KA 41l 5 % A
T BE WA & B R ROR BT 0. 96, a5 KR
S H/NTF 0.0065, 48 K B /N T 0.0018, M
s B TR B R BE IR T 850 °C M ] L, R b &5
P 78 R A 0 B i R e 35 LA A0 I R e R R AL
PRSP GUETH

5 & it

D ZAREFHR RN EEEm N R AL
AT A IR TR 2R R
1 B i B S 4

2) ZRE SR, = T E A, —
75 WIS 55 AL SMID 72 /N [ It £ 948 3 R~
IR AT AR A HE R B AT CN /N 5 S0 EE B8, AR
AU R 55 AL SMID 72 /)N [] s 3 5 9 3% R~ 4
A 843 N 2] CN $ 0.

3) 28K A B de /N o5 A0 UKL BT A Y BE R
ZR ARG A T ST TR PR AL M AR A Sk



2502 it = 3 O ¥ W % 26 &

HREEF A K. (7] MFERE 2% N mE R = M. b E By
O W R AL 1 FTN 19 % LR o e L

N e e N e o [8] fEMeE, Mg, XK, &, m i ae it as S e WL gk be

SMD % 39 pm. 25 & 45 11 #9H 48 pm . PRl 28 & 45 R, . h ’

. N ARIMI. ALt s E&B7 Toll ik 2002,

HOW SMD 2 FR 5P ATAE 39~ 130 e Z AV BEIE 1o g, vt 5 o, B AIRKE B R IR 10T . A

I T RS F AL BE % 20~ 200 pm 117 12 43 2581 J1 24,2009, 24(2) ; 318-323.

) HE Xiaomin, XU Jinsheng, SU Junqing. Experimental re-

Ve heng qing. Exp 1
5) ﬂ(f% S J—‘igi E,(J 3‘_[_ r%.} ﬁ ;FIJ T B 2‘{ }3 EI/‘J jf}\EIE r%.} search of the performance of the trapped-vortex combustor

FARRY b
e N e s e [J7. Journal of Aerospace Power,2009,24(2):318-323. (in
IR 78 8 55 A AU 3 A ) T ok 3 28 R 8 2R
R = Chinese)

7’{%3 [10] Brankovic A,Ryder R. Emissions prediction and measure-
6) 7E 450 C Zﬁﬁ%fﬁfﬁfﬁﬁ?ﬁﬁ% ] ,;\%?71_\ ment for liquid fueled TVC combustor with and without

BECI AN 2, 7F 450 °C DL 78 & 5 78k R 3 water injection[ R]. ATAA 2005-0215,2005.

15 v BE AR AR B i, H3E R AT 5k 80 Y. (11T BERFE, P2, By BL, AF. T3/ BROE IR/ 3t B 0 4 b &
7y B | B R T 2 R 1 LR 18 NOx HEB[T]. k52 A . 2006,27(1) . 88-91.

e e T FAN Weijun. YAN Ming. YT Qi.ct al. Low NOx emission

SR TS5 H 1 B IR A B A BLAT B 0 0k A N Weun: VAN Ming. Y1 "

of rich-burn, quick-mix, lean-burn trapped vortex combus

% s 22 g e S 2 < F T

% VB SE R R R R @%Diﬁ(ﬂ& A T s e T IR tor[J]. Journal of PropulsionTechnology.2006,27(1) :88-

91. (in Chinese)

Z %ifﬁﬁ . (121 PhERH. 78 R A8 Sk am S5 e e e e A 9 ) 0. = 3l

[1] Hsu K Y, Goss L P, Trump D D. Performance of a FEA1989.4(3):277:279.
trapped-vortex combustor[ R]. AIAA 95-0810,1995. SUN-Yuezhong. An experimental study on fuel spary at-

[27] Roquemore W M, Shousese D, Burrus D, et al. Trapped omizing chareteristics of\ evaporating pipe atomizer [ ] ].
vortex combustor concept for gas turbine engimes[ R, Journal of Aerospace Power,1989,4(3):277-279. (in Chi-
ATAA 2001-0483,2001. nese>

(30 LRGSR, 5. % RIDAE A IO s i fhppas 1O SRR SRR TIAR. SRV 20 3 38 1 % A0 A
SR AT I P I 200 1 2% 4. 2007, 220 BLI. MEFHITFR2010,25(6) : 12881244,

1132-1137 ZHANG Rongchun, FAN Weijun,XING Fei. Experimental
KONG ZhaojiansFAN Weijuh. Y1 Qi et al. Ignition and study of wall temperature distribution on annular inter-
lean blow out performance of trapped vortex combuster stage trapped vortex combustor[] ]. Journal of Aerospace
with evaporating tubes fuel injection[ ] ]\ Journal-6f Aero- Power,2010,25(6):1238-1244. (in Chinese)

space Power,2007,22(7) 11321157, (in Chinese) CLATJRBAE oA SRR 55 A R A TR R BN SR/ ST

[4 fRMES GRBEHR WEWEEA FIBIM. Jb 50 ob 847 {2 A BRSSP MR M 300 248
#2002 2008,23(12):2280-2285.

[5] Lee] Y,Kushari A,Lubarsky E,et al. Control of combus- XING Fei. ZHANG Rongchun. FAN Weijun. et al. Experi-
tion instabilities and emissions using an internally mixed mental study on single/fuel-lean trapped vortex combustor
liquid atomizer with a vaporizer [ R ]. AIAA 2002- ignition and limit blow-out at different main air and mix air
143602002 temperature[ ] ]. Journal of Aerospace Power, 2008, 23

[ 6] Lefebvre A H. Gas turbine combustion[ M. London: Tay- (12):2280-2285. (in Chinese)

lor & Francis Ltd. ,1998.



