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Influence of Inlet Pressure and Air Velocity on Film
Forming Characteristics of Nozzles

GONG Chuan-yao', HE Rui', LU Chang-shen®, DING Yu-dong’
(1. Dongfang Turbine Co. , Ltd. of Dongfang Electric Corporation, Deyang, China, Post Code ;618000 ;
2. School of Energy and Power Engineering, Chongqing University, Chongqging, China, Post Code :400030)

Abstract: In order to study the influence of the cooling water inlet pressure and the air velocity on the
nozzle film forming characteristics, taking the jet condenser nozzle as research object, the visualization
experiment method was used to capture images of the liquid film flow pattern at the condenser nozzle out-
let. Through digital image processing, the liquid film area and jet length were obtained, which was com-
pared with the calculation results of various turbulence models in numerical simulations, and the Realiza-
ble k£ — & turbulence model was selected. The Fluent solver was used to combine the Realizable & — & tur-
bulence model with the VOF approach for numerical analysis of the flow field in the condenser. Results
show that as the nozzle inlet pressure rises from 3 kPa to 25 kPa, the velocity near the wall of the liquid
distribution plate increases steadily with the increase of the inlet pressure, while the liquid film thickness
tends to decrease progressively. For DN15 and DN13 nozzles, the liquid film area reduces marginally
when the air moves from a stationary condition to an air velocity of 30 m/s, and the liquid film area de-
creases fast when the air velocity increases from 30 m/s to 150 m/s.

Key words: jet condenser, nozzle, heat transfer, inlet pressure, air velocity, spreading area

Wi AHEE.2022 -12 -25; f&ITHHEE.2023 -02 -19

E£ WA . A7 S EHRHE I H % B (2020-154600)

Fund-supported Project : Dongfang Electric Corporation Science and Technology Project (2020-154600)
EZB N BT (1978 - ), 5 R HRER BRI G I B2 wl i 4 TR )i,

BIEEE: TEM(1976 - ) B R KFHZ.



<62 - Mo fe

3 o TR

2024 4

51

il

KA RAT B A R IR PP S DI Y
ZRBEE UK G R EERA E—MR S
BRI AT, AR T B R i B85 v 1 289 5 W
T A 7R L e foh e A v 6, TR T LA 8 v A%
PFE AR BRIFEE SR SE A sscoe | mE
A8 147 ARG S XoF T J PAA R th ELA E ER
5 H TR 78 22 41 X 0 2 mggg -

H TR AR 1) ) P 2 5 (SR T oK ) RIS B 45 ) 2%
S5 M0 YRR ) e 50 7 JR A R e, T S =X B ) i 3
JE g XA B B A 2 PR AN D
S O g Sk VT Y AR ) S R T T W 5
Kedzierski M 25 A\ -8 0F 5% F 0 | B85 14 0 Bl < 4
{1885 5 R SRR BB A B R ), > SR M ) S R
AT b (8 R T 7 DR FE AR A R SR TR R - TR
FHRAL T 5 377 AR IR 5 20 A2 28
B G e, SR T AR N SE oK A B A
4 25 PR 3R X S B VR A AR ) LA e B
o W RV AR T IV 20K R I LD YR Ee AL
HETR Atk DRIt 80 R 1% BTk B o i %) A1 s oy
PER RS A BET A B3 TR BE o WS 1) A
M2 BN IR RS W £ B A A TR AR A 52 )
TN G A B R LR 32 1 1 D0 R I
U SIZ B | A XTS5 ) R RN S I 11 A
HEATIRRE AR IR AR ) IR | e IS R G 1 48
PR . Weinberg 5 A2 5% 5 18 EIK Ji ik T
ZEVR G V8 7K 25 FH AR 40 A 158 257 DX 3l o3 1l R A X
IR DX, 380 5 43 BT RS2 50 X0F LU A 3, VR X B
SRA , AR 32 Xl MR X AR A R e i
KT, e P 7] 535 96% , AW 1 M T A1
SESC IR ORI 38 TR I 30 5 484 o s s o
BCE IR/ N RS R R AT B /N 25 R 1 7 R TS
AEHA 0 A e POR IR A N AR g A X
EER AR AN R K a2 Rt i 7 — oK & 7
JE A0 B R A AW T SRR  fE—
FEFRRE LU/ ME R 25 | A PRI AR ML FE

ACLA DN15 1 DN13 PR A A ] -5 14 5 25 =X
BEVR AR AT B SR S 36 AR (B AR AUL 1Y) T

5 ST TV HIRA T 3 R 2 000 X B A 5
FEPE R

1 MRS RERR AR B /) 45

1.1 WEEE LA sy

W P A A RO G ] 1 I/, YRORH 7K M B8 £y
PIANTE TR 48 o8 26 P 000 19 A3 YR b TP B0 s
DNI15 1 DN13 W8 N 42 D 43510 15 F1 13 mm, Fh
2 D, 5351 20 F1 18 mm, 52 B K 115 mm, 55
H % 80 mm, K F L} 135 mm,

1 DNI5 iR JL {2
Fig. 1 DNI15 nozzle geometry model

P2 S Mg () SRR A X Bl K D ) Y
VIS R ), Z RV R I, A
PRI SRAE X 7 1) P45 2B J2 200 mm , 7€ Y 7
[1a] P A5 428 Ji& 300 mm, ¥ Z &1 1E 75 ] 42 Jig 500 mm

=RHA

GRS

ERHN
\” [ g
e
7J(i& =} /

(a) T AR (b) HREIIERE

B2 BRI

Fig. 2 Nozzle computational domain models

1.2 HETEERRAFEE

TR AN B A0, T BRI AR N
J1ASACAR R BAR T A% 1 R 4 B2 A9 84 [ (A e
IR WSp/oticp SRR

RO F) 2 M ol O e, BIVEALSE I 8] P AR IX



54 PABRR 45 AT TR S 125 00 X I S A 1 .63 -
B AN PR BOT B R R I B S R R o IS R,
P A BTG e S AR A7, 255K M e L2 " Pr " ox,

7
%4 V(pi) =0 (1) 7

K p— IR kg/m’,

VOF f5ERI ] A58 5 — 20 3 sl 5 B AT 5
DX I A s —AH B AR FR S, S BRI 153 BRI T AR
B R . 7E VOF AL A A il AR rp & AH
AR BN SE T 1,/

a +a, =1 (2)
Ao, o, —BARFIAR BTN AR £, g—IK
FHFISAH

T b SR Al R — A B 3 2 M R B R AR B
T, VRO SR B AR R A B8 R 53 30

E(afpﬂ + V(afpfﬁ> =S (3)

9 .
Llap,) +Viapu) =S, (4)

X epp, o, —WARFISAR % B kg/m* 5 S, , S,—IK
AHAI SR A BT A IR, kg/s o

ST
(%(pfi) + V- (puu) ==Vp + V- [u(Vu +
Vu)] +pg +F, (5)

X p—IE 1, Paspg— SIIRFL ) ,N;Fg—i'%ﬁ%
JIII,N/m,

I8 W 5K T 5 R, SR H i 22 3R T 5K )
(CSF) BEHY SREAE F T OMOAR ST A 2 T 5K 0 4
RBU, HERIR AR .

= 1
F, =ouk Vap/ ?(Pf +p,) (6)

AT v — MR S S T 3 4 1 Sy B B
4% ; 0, — TR IHK T, N/m,,

B SRR LN S IR KT R IASAI NN R
it ., 30 I ot ZEAE P 7 R L A I T R A
TR k - & T LAY 125 R0 AT LIRS ffy b B0
SR A e, LGB 5 e e A DR P T B 2 A i
JZ o B I i A5 G T A 9 WU AR CR .k
%%j‘j :

Mm@)+ﬁmwwg

ot ox;

ﬁ*:k—fﬁ”ﬁfﬂﬁﬁ,mz/sz;xi—%ﬁiﬂﬂﬁi,m;ﬂg,[—
Wi 2 1 K BE, Pa - s Pro,—i 30 BE B R 4L
m’/s” s e—Im IMAEHUR ,m*/s”

& TN

M&%)+M&wmg)=j{( +Mw)§§h
ot A, dx, L\ Pr, .~ ox,

2
_ &, &,
ngISgEg _pgcz ———+C 46836{4.17 (8)

b, + o, v,
X Pr, i Wi FE BRI BIRRELG €, G, G,
Ci— W, AT Hh 0.09,1.44,1,92,1.0;5,—
PRI S A B B L m® - s,
1.3 Mgkl
PR T I8 W 3 ol RS 8 S5 7 sl ) 2 [ S 2k,
TR AN . ARG AR 1 AR 28 2 4 ] A
JANFIYS J B R T Ry s i . JF HARSS #4416
Fe R FTBREALA a2 F A A T 2E AT A Fag R, [
I, SR AR G54 P RS X TR SREA T R A% Rl 3, L
XIS 1 A AR AR HEAT R s o AR Rl 4
FUNE 3 PR,

B3 WiEksTEE

Fig. 3 Schematic diagram of grid division

SR M AT R A L 9 I P SR ) A, BT K
HRBE AT A 0.5 mm AR B F- T, R I T 3 24 1
AR TAT AR JRE A1 YR0AR AT B T S R 3 A AN 1 4 i
No B4 0TI AR AR B BOR S 0T
320 G R P % 8 /I, A AT R 8 3k
R, B T T I YR i T A

SR FHAN ) 5 PO A A Y80 A 20 B 1 1) i 2 73
A ANIEL 5 B, &S AT, PO T A R RS 5 22 A



.64 - g

3 o TR

2024 4

PO 7 T BE T 22 S T A, I EL DU o A oA A S 3k
FESI A UT 7 J7 ) P Sh AR T 22 Th 1A I A% ST BE T 1Y
HE AR U TR RS EOR T 243 T
HEURS 211 J7 AR BRI 4 R 221/, 27
BT R ST ) BB 211 J7 RS B 22 1
TRIIRE AT T RUEITHR

B /m - 5!
50.5
45.4
40.4
35.3
30.3
25.2
20.2
15.1
10.1
5.05
0

Z/mm

LB HR I

4 HRHOLEEEERRTEE
Fig. 4 Schematic diagram of velocity extraction

near wall of liquid distribution plate

HE/m -+ s

0 20 40 60 80 100 120

Z77 1 A8 4R /mm

B 5 RARREEE M7 iR & R E
Fig. 5 Axis velocity distribution near wall of liquid

distribution plate with different numbers of grids

2 imin B ER

2.1 XWEE

W T SRR S I A i 6 B, PR EE
AEKAR KR AN IE T R 3R W A
A NEAR 6 NP3 . KPR F A S 3 FH K i d2 it 5
TR, KSR BOVE R AR AN T 7 37 3hA5 38 A4
FEG KU R WAL W T R Y AT E

(AT S, e 7 38 FHOR I 2 3 2 773 P P e e, W8S
13 AR H e I8 S o BB . WK R4 R 12 m, Y i
9 m’/h; IR IR E TR ETER 1 ~10 m’/h AFEEH
1.0 %%, KU JE )1 R H0 2 30 kPa, RS EE 2597 0.2 94,
T RATEE N R, s LA E T R
W TS S B 1], A IS M A A R AR R
TEMshEE LI E TRIEE,

Bo MERINMFUELRFE

Fig. 6 Experimental platform for nozzle

flow characteristics

2.2 AREmREBEIE S KA ILE

K AN [ B | 3#F 151 H 0 % i R s S5 4 B 5%
M) AU 235 SR 5 S SR L & 7 R, 5 SR
SEILAH L, BT AT i A5 B A A YA A I R T
/N, SST k - oS RN 25 5/ (H BEHE 1 ) 1284k
BRI 25 K, Splart-Allmaras #5571 Fl Real-
izable k — & B! RNG k — & R AR IR S BE 42
AT, LR 0 S 111 ) A2 A R 5 S AH A, T
Standard k — & B PSR BTSRRI /N

900
/-
\g 800 - g <
M /o
o -
= 700F / X
4&( ’Aﬁimem
= 600 + —®—Splart-Allmaras
ig —A—Realizable k- &
—vY—RNGk-&
500 + —o—Standard k- &
I 1 = SST kl_ @
0 5 10 15 20 25
#EHES)/kPa

7 BiminEEELMES KR ER
Fig. 7 Comparison of experimental value and

simulated value of each turbulence model



54 3

B RE A5 AT R RS SO I R 1 A 5 - 65 -

2543k F |, Realizable k — & 5750 75 T+ Wi I 17D
FRFIE S K B W TR 2 A B4 ARG B, e ¢
Realizable k — & BBV Ry 8 Br a5 ) Jim IR Y |

3 BLEESEMGTEERIE

3.1 B XERB[EEST

P 8 S b Lo B R LA i
R VRO 7 DB L1 A I, A BE T PR A EL A g
AR RE 8 IS S T I S 5 1) B4 AR DX s
AR RE , R WRAR 7K 3 Ja [ ) 2 R — i 1 iz 30

8 HEEHHLKEE EREES

Fig. 8 Velocity distribution on horizontal plane at the

center of computational domain

SRR AN [A) 3E 1R 3 25 14 R I sh 4R AiE , 32 B
DN15 W 85 A7 ik 0.5 mm &b FR 5l 28 5 B8 40 A |, 45
SRUE 9 FiR,

a3 kPa
[ —e—7kPa
—a—10 kPa
r—v—15kPa

HBE/m s
—_ O = N W A N A
T T T T T T

70 15 30 45 60 75 90 105 120 135
ZJ5 18] A AR /mm
9 HRHULEEMEREEESF(Y=0)
Fig. 9 Axis fluid velocity distribution near wall of

liquid distribution plate (Y =0)

HIPE 9 RTA, AN s g 3L A B 38 1 2 W 5 7
[ B 7 %75 1) 52 SE R IS B AR AR 4 It B i e i

BB IR B — A FRE M, B SER K E
PRI SRV A W S ) 5 30 B TR U 2 1) YRORE 148 8 1 22
PRI H 1T B A2 DR Ay 3 HEL g S B0 ) VR A fi
B BE BT T WRIE s, fEAR IR L, T
ARG 7 O T, SR SR s 2R e (A,
BEAk, mEHE A T 7 M 3 kPa 14 #7231 25
kPa Fif 3/ BE [Tl 20 i A4 1R 0 T4 K, I HL 2 AR
AR f s R AR g $ e sk R0 TR
St I 30 RE R SRR AR L
3.2 WEEERSTH
2SS T AR T AR A R 7 AR Ak
W10 Fras, MK 10 mTAL 25 A R 3 kPa
K E) 25 kPa B, ¥R T FRE A A R — 4R oK
o HRETRE LT IR E MG, Ak,
DN13 Mg A8 Ak b 4T S B Bk SR 1 A8 A 3
ATRER P R, A O 7 B AR B e = R R VR
A ) B T, 1 2 A O T )
X T AR TR AE PSS , T2 i B AU/
e BB PR AIXT T DNIS WEHE DN13 Miig
WA A A B X T RE RN, ARG
911K FH 118 2 39 B8 32 11, AH X DN1S W DN13 Mg
W E [RIAE A 1 T It B /N 3 T A AR
K o AR, H I e ) 2 i Z A A A
R T R S AT REAEAE — 8 IR 22

0.023
—=— DN13
—e— DNI15
0.022 -
E
g 0.021
=
=
& 0.020F
0.019 -
1 1 1 1

1 1
3 7 10 15 20 25
AL JE F1/kPa

B 10 HEEERENOEANTL

Fig. 10 Variation of liquid film area with inlet pressure

3.3 WEEEE

BT R T e W 0 /K ST T 1 Y8R JEE 32 11
PRI L, MABE I 11 4 3 A R AR ok ik
VR JEE BE Bt Z 5 ] AR AR AR AR S ] 12 B



. 66 - o mE

3 o TR

2024 4

No HIPE 12 Al FEmIE R EE 2 14.9 mm,
W L 3 RN V5 W/, B SR AR EAE LY 2. 4
mm, 4 B F R T3 3 kPa 3 # 4 Tn #1
25 kPa N, []— {7 S 114 3 5 5 38 W Bl ik /), 26 WA HG
TR,

TR B R I

B 11 BEEERBTEE
Fig. 11 Schematic diagram of liquid film

thickness extraction

16
—=—3 kPa
14 + —e—7kPa
—4—10 kPa
12k —v—15kPa
g ——20 kPa
g 10k —<—25kPa
il
o gt
s
B 61
4+
2 -
1 1 1 1 1 1

45 50 60 70 80 90 100 110 120 130
Z77 A Ak FR/mm

12 REEEER Z L

Fig. 12 Variation of liquid film thickness in the z-direction

4 RIES|EGTRERRE

4.1 HERER

13 Ryt itk R 17 25 kPa [ 50 F WAE 1fi
TR S S A AT, AL 13 e, 25 S
FEEEM 0 m/s ZRUFHE 5 5 30 m/s BV 1T B 2% 12
TR, 2SR 30 m/s FHTHEE R 150 m/s R
HR TRV T R 32 IR Oy, 23 O L R A 54
AEF) 30 m/s I, A 2 s S E AR b 1 7
TS FE R T A T AR (EL B A R 2 VR )T
B, BAABRIREA, S22 30 m/s B

#1150 m/s i, 25 SAOHE P B i, 7K I R A BE
T FE 0 RN B 8 78 25 AR T 2R, B s
URHER A E YRR i L

0.025
—=—DNI13
—e—DN15
0.020
£
=3
= 0.015
=
B
0.010 |-
0.005 L L L L
0 50 100 150

ZERWHE/m -+ 57!

13 RRFREREESIREHTW
Fig. 13 Variation of surface area of liquid film

with air velocity

K 14 [& 15 3 DN15 F1 DN13 W5 75 A [a] i
FURE Sy A 2s S el T i W B i AR = Jl, fl J T
Y Bt TS HE 1R 1 v R T AR S 3 S s
JIN B 233 A T S T AR S N R A,
G, AT LLWY S 7R W O 1 15 ~ 25
kPa,Zs M ER 1IR3 30 m/s I B EL AT 4 4 1) o gt
ek, ZEFTA B T 00F , DN1S B 78 15 kPa iF
FUE F71.10 m/s 25 /330 o A v A8 il AR e K, o0
0.024 812 m* ,DN13 WM& 1E 25 kPa #F 10 JE 1 25K
i 1 BRI AR K, A 0. 022 667 m’

W A /m?

150 0.024 900

0.022 110

. 0.019 330
® 100

: - 0.016 540

) 0.013 750

oo 0.010 960

& ‘ - 0.008 175

0.005 388
0.002 600

5 15 20 25
AHHJ1/kPa
B 14 DNI5 BiEERERBAOENFTES
MENENLZE
Fig. 14 Cloud image of DN15 nozzle liquid film area

varing with inlet pressure and air velocity



a4 EALEE A N 2SS0 T I AR 1) 52 i) - 67
WA T A /m? ERFHE/m - s
150 0.022 700 150
0.020 160 130
o0 0.017 630 110
w w
. 0.015 090 )
£ £ 9
b 0.012 550 =
b £ 70
v 0.010 010 e
L
¥ 0.007 475 ¥ 5o
0.004 938 30
0 . 0.002 400 10

10

15
A J1/kPa

25

15 DNI13 Wik iR BEE R FEN O E F1 70
EERENTURE
Fig. 15 Cloud image of DN13 nozzle liquid film area

varing with inlet pressure and air velocity

R 19

23 S EE R TR R I AR AR R RIS I b i
SIS I RN, 755 28 AR = U
B B R R A R R TG TA R B, 3 Fluent $2
VYR R % T 174 ~F- 347 YAk 3 >Fe 3R A1E VBB 199 O 2 R
DN15 11 DN13 Wi 75 A [ Wi W6 32 11 1 0 025 <00
T R BT Y R = AL 16 AR 17 s, A
PR R Bt T /K 1 38 - 24 i ke
AR SEIG RS B A SR G N TR T4
SRS, DN15 1 DN13 W5 50 HI7E 15 kPa F
25 kPa HEITJE 7 150 m/s 23 0 3 B BUAS e vl
FEESP- A A K

4.2

RS Y 8 /m -+ 57!
150 ‘ 13.50
130 12.08
- 110 10.65
w
. 9.225
E 90
) 7.800
70
% 6.375
T 50 4.950
30 3.525
2.100
10755 10 15 20 25
A& /kPa
16 DNI5 fREEFHREMNOE ST
EEREFNTHU=E

Fig. 16 Cloud image of DN15 nozzle liquid film average

velocity varing with inlet pressure and air velocity

10 20

A B J1/kPa

25

17 DNI3 BBEF R EBN O E 7
EERENTHEE
Fig. 17 Cloud image of DN13 nozzle liquid film average

velocity varing with inlet pressure and air velocity

38 v 1A YR T PRIV o 118 YR T 14 Tl 35 o 46
AT I it 2 A5 0 %) 48 R e R R VR 3
WA B S, AT LG H IR 0 R s
AT THOGT IS RS 1 5 ) P Y R 47 9
WA A Z BUE P Fa R

DNI15 FI DN13 W M 76 A ] 5 6 3 11 1 g s
AT PR 25 e S VR T A AR s R
18 FE 19 Bz,

ISIA
7

AT AN x S P /m® - s

150 0.14600

130 0.13080

- 110 0.11550
w

£ % 0.10030

b 0.08500

B 70

J{qu: 0.06975
N\

50 0.05450

30 0.03925

0.02400

10

10

15 20
A B J1/kPa

25

18 DNIS REERSREFHREZR
AAEAESRENELZE
Fig. 18 Cloud image of the product of DN15 nozzle
liquid film area and average velocity varing

with inlet pressure and air velocity



- 68 - wof B

A N 2024 4F

150

WBRETE R x P23 /m® - 57!
_ N 0.11400

130 0.10260
; 0.09125
. 110
. 0.07988
£ 99
;‘g 0.06850
r 70
{m 0.05713
50 0.04575
30 0.03438
10 T 0.02300
5 10 15 20 25
A H/kPa

DNI13 ik B R0 % IR F it i 2 FRBEN
AEHNFMZESRENTLZE
Fig. 19 Cloud image of the product of DN13 nozzle

& 19

liquid film area and average velocity varing

with inlet pressure and air velocity

ME H AT LLE Y, DN1S BEME7E 20 ~ 25 kPa i
FETT 50 m/s (925 S0 T A 5 e 1 RS- 15 3
JiE ST AR 2 AR, DN13 EETE 25 kPa 3k JE )
30 ~70 m/s WS SR T A B e 8 IR T 18
SRR Z R,

5 & i

T SRR SY T M A SRR Y
FSLRRARE I | WS A8 It S S0 R 194 7 2 R P B B W 1T 1
FyREE SO R A B S5 e

(1) bz AT R AR R Y
T 2SR T S Ot AR E M, miwg i o
W 2 3 ORI | SRR Mt 11 AR X
7 T IS LY 11 R YR IX L B A RSN 0 % B A0 V55
VO AR G X, DINT3 ME s f 97 68 1 AR 5 K
JE3E H/INT DN15

(2) #IEa AT, YBiHEA L R 3 kPa
FreEr ) 25 kPa B, A YRR I RE 1A 1 9 B 43 A KA A
o, JF ELRfE A I3 (0 o i 0 B T 0 3B
2E0E A T S N 3 kPa T 2 25 kPa I, 3 i T
FRURIT R R JE KA [R) — B K o A A BE
T J3E VAR B T B R B B s s A 1 P g 1 AR
PR, K I 3 B A 11 R 38 iz it e, (2
AR AR AR

(3) Fsha AN T, % DN1S Fl DN13 Wi
2 NE RS AE AR F] 30 my/s 37 s V0 5 T R
R, 25 S BE M 30 m/s BEANE] 150 m/s A AR
ARG R R, 4T DN15 F1 DN13 WS | i 25 Wi
TR RN S S0 B A 1G24 e S A I
SIS DN1S BIMSLE 20 ~ 25 kPa HEJE )7,
50 m/s Y78 S AR 1T EL A B e IR OT- ) 3
B 5 W A B, DN13 7 25 kPa 3#E TR 7
30 ~70 m/s A ZS T A 1 T AT R VR F- 1
W SR A A,

SE .

(1] BRHEA, BRI A 2 IS TR [ ML e st HLAR Tolk
i ,2003.

QUE Xiong-cai,CHEN Jiang-ping. Practical technology of automo-
bile air conditioning[ M. Beijing: China Machine Press,2003.

[2] LEE G H ,YOO J Y. Performance analysis and simulation of auto-
mobile air conditioning system[ J ]. International Journal of Refrige-
ration,2000,23(3) :243 - 254.

[3] AFZR4 WSS RBE A T 25 LA IR0V HI 38 5 50 50
WRFEL D] b Aedb i Jy ke, 2019,

FU Jia-xing. Theoretical and experimental study on jet type con-
denser used in peak cooling of air cooling unit[ D ]. Beijing; North
China Electric Power University,2019.

[4] PRI, STFHFE, R ek, 25, Z5H 4000 B O mems O TR RS

BERISEI [ 1], TL35 R A7 4l ( A SR B i) ,2015,36 (3)
271 -275.
QIU Qing-gang, JIA Dan-dan,ZHU Xiao-jing, et al. Effect of struc-
tural parameters on film thickness at centrifugal nozzle outlet[ J].
Journal of Jiangsu University ( Natural Scieace Edition ), 2015,
36(3):271 -275.

[5] XU, AT ARG, 2. XU 0 2 IS 8 YRS 25 1) 92 6

5[], ALat Tl K274, 2020 ,46 (5) :431 - 439.
LIU Zhao-miao,ZHENG Hui-long, LIN Jia-yuan,et al. Experimen-
tal study on liquid film morphology of the dual-orifice swirl nozzle
[J]. Journal of Beijing University of Technology,2020,46 (5) .
431 -439.

[6] KEDZIERSKI M A,KIM M S. Convective boiling and condensation
heat transfer with a twisted-tape insert for R12, R22, R152a,
R134a, R290, R32/R134a, R32/R152a, R290/R134a, R134a/
R600a[ J ]. Thermal Science and Engineering, 1998, 6 (1)
113 - 122.

[7] YUJH ,SUHJD ,JUHK ,et al. Apparatus and method for pre-
venting moisture condensation : US10847819B2[ P].2020.

(THEZE IS M)



