F13% Holl o H TR
2016 4F 12 A EQUIPMENT ENVIRONMENTAL ENGINEERING - 47 -

B ER SRS R ESCIE s

ZRE ", KT
O ILRMEMEAS YU TR RESHSE, LR 100191;
2 PR TWHREBHNKBFRHERAT, A& 611731)

#)}

FE: BR #—FRAUKE S BB AR oy iRy X, RSB sR#E, ik RAL R

,f;i;th AL, @ik B E K BT RE 21269 CI-9 B & SR g it 7ot L. R Fl—o
v, FERIREN I, REERS R GHREFRD, MAERENGIE M, B—/A0iiiims

%%ﬁ%ﬁ%,ﬂﬁﬁ&ﬁ@%%&ﬁﬁ,m@ﬁ%ﬁ%,%%ﬁ%ﬁ% Bl — ARG, N1 R AL
, EAGRMEAEAG, DOENGHRAR, FA—EHTREQZGRE, 2Rk, LW RkEd

ﬁ"}?iiv’u, Bl — 2209778, NTJRAMK, EHRICEEWNSEAK, RR% R ENE, & bk

B 09 3 5 R R R 6 38 A R LR G R i RIS IR B BE AR 6 LA EMANEAL, iE R Y%

BEmAT RIL, R RAKE $ KR BARI QWK ER,

KR R S AR, TG FRERSR; TTREE

DOI: 10.7643/ issn.1672-9242.2016.06.009

hES %S TI0S; TQO51.5 XERFRIRED: A

XERS: 1672-9242(2016)06-0047-05

Research on Atomizing Properities of Centrifugal Swirl Nozzle

LI Cheng-ji"*, ZHANG De-yuan'
(1.School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;

2.AVIC Chengdu CAIC Electronics Co., Ltd, Chengdu 611731, China)

ABSTRACT: Objective To optimize the spraying method in LT-MED system and improve the heat exchange efficiency of
seawater desalination. Methods Malvern spray droplet analyzer, high-speed camera and auto overturn water meter were used to
research CJ-9 centrifugal swirl nozzle of different diameters. Results For nozzles of the same diameter, uniformity of droplet
size distribution significantly increased as the flow pressure increased. With the increase of water pressure, the liquid breakage
lines of the same nozzle thickened and length of the broken liquid film decreased. The better the crushing effect was, the better
atomization performance would be. The higher the inlet pressure was, the higher the peak value of the edge flow and the more
obvious the hollowing rate was. For nozzles of different diameters, at the same pressure, the higher the nozzle diameter was, the
shorter the span of double-crest formation was. For nozzles of the same diameter, the greater the inlet pressure was, the longer
the span of double crest formation was, the higher the peak value of edge flow was. Conclusion The uniformity of droplet size

distribution significantly improves with the increase of water pressure or decrease of diameter. Spraying density has two peak
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values in the direction of diameter. The principle of superposition of “peak-valley overlying” could be used to meet the overall

uniform disrtibution requirements of LT-MED system.

KEY WORDS: low-temperature multi-effect distillation; atomizing properities; droplet size distribution; sprinkle density

T ERR KGR B2 AD, (EAHAEK. B
A BRIR K BRI S ™R, il AN A A7 1)k
o SRR K SEL Y T AR R KRN KR
L (LT-MED ) M /KIRIEH AR 20 42 70
SRR L1 IDE 23 ®JT & 1™, J2& 3 Al i
KR A Z PTG 2B (LT-MED) i R 2
I v R 2% VRS WM K () Y 25 R A T A e, A b
TR 7K 52 IR R v 4, A8 N 25 702 HE e 25 1%
AU R R P2 S KOK . Wikk
FRTRT R L R T A R UG/ L SHILHI K BE 1 K DL
CETRUF AR R, 155 T Ok T

LT-MED Z&/8 T.000 R 2SI A K e s 52 2
TE RGN, TRIEERE | Wbk iy o S A e B
WA B A: R, TSR =K & FEMEIHAS
Ko e B W AN IE LT, S T RE)
PG, DI SR MM e OR ,  [R]Bsf -t 2RI
RIS DI mes P RE S R R 22
BRI AR W IR, YR AR o3 A7 I
A8 A PP P e ) TR EHE AR

VT AER , V22257 3 0 I 1 VB0 A% 0 A R P
TS0 FHEAT T AR S50 i LUK o % Ak Ay
BT, TR 2 SRR AR i s 25 AL R 1 Y
M LD | ) sl S 55 A 3 ) M X b 2R G 1 e
W) P AT 5 AL AR e o 308 1 XoF o7 ) TR IR 2 R il
AR ESOTE I 2 1 25 e MBI R S A oR L 15
B A ST 45 SR 0T LLE— 25 DA AR 2 3 2R 1 e R
H B TR R 2, AT o 4 1 Y K R A AR R
HAEEMNE L,

SCHR LA B EE M KR AR T H SR CT-9
f B O T T X mE M S BF S X %, R A H R XC
Spraytec Wi 55 b7 B 43 BT AU FI 55 43 HE S E A AR ML 55 1%
B, NoF AN [ 5 Bt L AR M A8 ) 5 257 40 43 A B it
IR BE A A PE A T SE B A AT

1 ERBHARE

1.1 SCOOMmERE

S HG W Sy B L e U, AR 1 PR o %

Wt W 28 1 RR IR W IR T, AR ARTR 35 D0 1) 149 7 1)
NI | R I A BE A PN R R, S Y
AL PEAT R, A AN R 1) Y R, A
T 1 1T LSO FROPR VR A T 2R 1 o AT
BN EER L, ARV E Sl K Yl iz sl B i —
ASSEUHETE RS, DT IS W A, S A A — Ak
90°~110° =7 3 19 0 3t 78 5 V) 1 A& i i i /E T
STERERE . AR SR 3 HB L e, mE
WE AT FLAE d 2050k 15, 145, 13 mm (34
RITFR R KT . S RN S B ),

=YYy W
Fig.1 tomizing properties of centrifugal swirl nozzle

12 WERE

SR B A AR E R KR N 5 S 5 b, K
BB mEARE | KRG . MR RS AL
MRS, W 2 FroR. KRR, i
JKCHRE | R AU TR, I AR A A v
19 T HER AL . B RSO AT AR L A%
KA IR T R A

AR KSR B ] 1 5 K SR D B sl ], nT i
Pl B R 7 o B R A HKCFHRR R 2L A
PLBCRAT R . AR EK P H A&, ikl 3 fr
71 o ZK PR J A8 SR P T 3 LS [0 9 R
A3 B U2 AR G A S () 55 A R 22 B S0 R
HEIE 01X —BLG , TA Ay Hf A v JRE ) A A T ] —
A B3] ] BRI 4R 3 R 3 A AR E AN, SR AT B — A
Zond SEAERRZ V- i 30 2 S A R 2 T K
I ) W R 0T o K IROK IR AR E R, KA



BI3E Hel

ORI B BE U W 25 AR I SE S - 49 -

ASCRR G A8 D st 1 R BRI, X T DA I3k
RO s [ P TS O M ) 7K B, B T S B 0 A
2505 P HERR I & . SR 3C Spraytec i 25 47 43 AL
HFEN 4.6~2000 pm, FEREBTHEHT T 400 mm Ab X}
W% 55 14 YR LA S S A T S D, 00 o R AR
14 3 A7 B8

IR FEAL
N
~

3*%—*%%/

[—

Bl 2 fE K S 1R 5
Fig.2 Testrig of constant pressure water spray

B3 K5 i e

Fig.3 The rack of horizontal measuring cylinder

2 HERESH

21 MERBRESHELAE

3 VAT K B K 530 0.5, 0.7,
1.0 MPa, i FH 5 /R SOk EE IR A EBE T 400 mm
AT RIS o T TS AR AR, KRRV,
L7 HE I R AR DX ) 855 B AR, Sk {85 SR Sy v A
T4, JOAE T A  Fok AR H B BB 23 A
R TR T2 WS A Wl L P R e [ R T K N E
e, —2RBUR K i BN T A E AR A K R 4
B, o5 — 2P R K F AR R T R AR A K 4
52[13]0

% 0 A AS TR K R R4 A B0 BT A dn x4
Fim. BB 4 ATLIE H, NS BIERE CKRLE 0.5
MPa Fl 1.0 MPa I, ki 21450 4 A it 46
BB E] 80% MK ARME 650 wm I /N8 450 pm,
VRO TP E AR B 2 W5 1 K R A 3 Rk /), Hoki A2
(14 it B DX [ AH 7 /), VR T kAR 25 fh 3 S pE
FEN A5 205 5 o 32 R T WM W5 R 7Bk, VA
TE B0 N B0 BB K, B HFmE s, 28 30X
TR REE R AR XTI B VR P IR K, T8 B It 30 I8 A i 3
ISy NS 2 €T L R N E VN N R T
TV BB TR R R /)N, VR AR 55 1) 1 i A gl
U PG — AR R mERE | Bl 7K R T f s,
TR R AR S0 A () 55 1 S A v

100F —=—1.0 MPa 120F 1.0 MP. 120F 1.0 MPa
—e—0.7 MPa S NS v 100k - 0.7MPa
80} ——0.5MPa NS — 0. X ~*T0.5MPa
8 5 g0l —— 0.5 MPa S sof —
= 60r = 6ot e
Bk Bk Bk
i 40f i 40 i 40]
& 20k & 20r & 20+
of ot
ok
R B, || S 270 | M T S S
200 300 400 500 600 700 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
REARMAE/ um AR B/ um AR E/ um
a /NFmEk b 5 mEsk c KRS misk

K4 ARBESIEL R K SRR R

Fig.4 The relationship of water pressure and diameter of different type nozzles

[, ZEAHFIAI KT T, WiEmf LA )N,
TR RAR o3 A ) ST R o 5110 — RS 7E 1.0
MPa JKJE R, BEEWIEFLAEAYAS/N, Hagmk 1 2it
B oA 28U 80% LA _EARIFEH 600~700 pm I
/NEI 450 pm, HIBTRAAR 53 AT IS4 S A B AR 46
o 1K TEZK A 25 i 5 a5 AL, mifL

AR A RN 2 X I 55 S 2 T 19 77 A 45 e Ji = A
HER . fE—E MBI, WL EARRE,
F U B A AN S 8, T U Y
Peshlchisg, HEbgtss.

1o S 1R 23 RO AR AL I A 5% 4 Sk 72 A (]
F 3R /NS SN RS AN AL 5 B o H &L 5



. s0- %K B TR

2016 4F 12 A

AR Y, B KR ARSI, [ — I W R A Al e
AIECER AR, [ ] YRR PR R ) B B AR R, R IR
by, SAPERE TRt o I i TR KR
AR, WA B E AR R IR Rk AR, TRl

a 0.5 MPa

b 0.7 MPa

57 SRR S BHRIE , 5 BCRERE B RN 5
SR W B KRBT 25 0 A 1 AR o
HAPRARLAR . G W A A U
— 519,

LA oA,

K5 /NSRRI T i s A

Fig.5 External flow field images of the spray nozzle under different pressure

2.2 MERKZEHSMESHNE

K SR AR K 28, RIS T Jy D0 o S 7 SRS/ T
BRI ] SRR I IRER, SR RNk 7K
[ia) WS 90K 2 32, FH AT G Py ok B 25y 5 ¢ v
BFE R ¢, BREMBUKSE N H, BFHOH
B FA S, WEWE W AR v, Tk AR
TR -

Vv H

1= =7 (1)

A g AN mm/s, B HEEMEHN,

R T GE— 7 [R) 1 AaS Mg A T MBS bk R ) A2 ]
WSR2 JBE A3 A, S8 L — NI G i M Bk R O

0=251000=" %1000 )
u ut

A w ORI B, mm/s, Wi
WTC R WEUKE"Q (W) PR XA A IACAE 26 1T
FE L T S%h 07 1 388 -tk o G B ) LU X
AR B AR A O A i, (AN RIS
N i ol N N L e

DA WEWE 73 B AT 7K R 0.5, 1 MPa MGk
RIS, MR B R 620 mm. T [ 7K T Wb
SR 6 Fs . HIE 6 WL Y, AR FH I3
BEAIR A DX 3R o 3 T AT AR A Ao 0 W S ) e U
o2 It TG L LKy ) M gk 2 B 1) X AR R
U, BRI U ELAR T B A g, Gl %

-m- K51 MPa
-e- K% 0.5MPa
—&- 15 1 MPa
—-v- §15 0.5 MPa
—o— /N5 1 MPa
— /N5 0.5 MPa

BT
K6 ARSI B 620 mm 7KW B A
Fig.6 The horizontal spray density distribution of nozzles at the height of 620 mm
AR — AU B i d s, hIPESAUKERRE &, BT DS, RIS NBERI YT, Tl
o BRI 1) N SUIR e LB B, JEMERRYEEE R D)mnash . BN R ARR I, A F RO,



134 %56l

ORI B BE U W 25 AR I SE S 51 -

%
Hh G b, 2SO0 RHEBIE (2005
Rl G fre g W (B DR B R IR LE ).

[l F P 6 AT LA HY, [l — s 0 T~ AN AR A
M, RSO, HIR R W ) i s ) —
AR RIS, AR R, JHE RlOUUse e £ 15 13
MR, Ol G (B o P R 48 T LIRSS
T WA P 7K P I8 7 B A e oL, ds g AR &
JEUHE, oA T A AP HR 22 R R AR R 42 ST PR 2K

3 #Hit

FFE7K IR AL LT-MED Witk 2 4t () ML A mg
Xt YRR A 3 A R MK P I AR 2 R 4 ) P o A
AT TIKEETE, BRI 4.

1) WSRO RAR AL« BEAE W K
F 3 B T A s s FLAS ) 0l ) , HOREAR 73 A 24 2 1
BERR.

2) JRVWEIb o BE 3 ST o A R i - R —
A U < R S N B 4 S R ST
[al— FIAR I, A S0, HOE R 8 1)
5 PEB, A G I (R e o MR 1) 7K
WU A R, a8 P VA B N IR A B 1 45
B, DUHOR R 28 A A A i 2l

EE P

(1] FRSC R Mg g K iR AL TR AL BT 2 AT 5

[D]. B FBEET K, 2006.
WANG Qing-wen. Study on the Pretreament Process of
Tianjin Several Thousands Tons-Scale Seawter Desa-
lination Project[D]. Wuhan: Wuhan University of
Technology, 2006.

[2] AL-SHAMMIRI M. Multi-effect Distillation Plants:
State of the Art[J]. Desalination, 1999, 126: 45—59.

(3] &, sRAm, BOEERR, A K IR AR AR B

B 0 AR DB O R A SR BT (0], A PR TR, 2014,
11(3): 105—1009.
LI Chao, ZHANG Jian-li, HUANG Gui-qiao, et al.
Corrosion Analyses of Aluminum Brass Tube Heat
Exchanger in Homemade Equipment for Seawater De-
salination[J]. Equipment Enviromental Engineering,
2014, 11(3): 105 —109.

(4] MR, EL04, AR, (K2R KIRIE RGN

BT R[I]. K PEE AR, 2012, 38(10): 50—53.
XIE Li-xin, WANG Hong-ju, WANG Shi-chang. Pro-
gramming and Calculation of LT-MED Desalination
Process[J]. Technology of Water Treament, 2012,
38(10): 50—53.

(5]  MJREAE, BT ST AR AE T AR AR AT Ml B BT SR
3 [CY/ v I AR T E R 5 0 e S dE e,
2007: 51 —S58.

FENG Hou-jun, ZHAO He-li. Industry Applications
and Needs Analysis of Copper in the Desalination[C]//

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

China Copper Technology and Application Forum
Collection. Beijing, 2007: 51—58.
PNVINEE, RN TERE, PER, S5, [0 AR IR 2 30k
AIRACFE AR FH[1]. KA F A, 2010, 36(1): 124—
127.

SUN Xiao-jun, LIU Ke-cheng, PANG Yi, et al. Appli-
cation Research of Homemade 12500 m’/d Low-
temperature Multi-effect Distillation Process[J]. Tech-
nology of Water Treatment, 2010, 36(1): 124—127.
Jradte, BPRAR, BrE. RE 2RISR A EL
R[] R, 2002, 21(4): 22—26.
YIN Jian-hua, LYU Qing-chun, RUAN Guo-ling.
Technology of Low Temperature Multiple Effect Dis-
tillation for Seawater Desalination[J]. Marine Tech-
nology, 2002, 21(4): 22—26.
B, RARoT, MR, 55 IR RIS 2 A K
e W AR SR AR AT (0], L T AR, 2014, 65(12):
4709—4715.
ZHU Jie, WU Zhen-yuan, YE Shi-chao, et al. Drop
Size Distribution and Specific Surface Area in Spray
Tower[J]. Journal of Chemical Industry and Engineer-
ing, 2014, 65(12): 4709—4715.
JERE, AT, A, G5 U s A o Ay
PSR BFST[)]. 2 &I T AR, 2012, 9(2): 38—45.
TANG Hu, CHENG Zhu, JIANG Jun-liang, et al. Ex-
perimental Investigation of Spray Characteristic of
Air-blast Atomizer[J]. Equipment Environmental En-
gineering, 2012, 9(2): 38—45.
Syt TRALBL KA R (R T35 AR DI 56 AR f0) o4 D0 A
FE[D]. #ifH: hEE S PSS KL, 2007.
Y1 Xian. Numerical Computation of Aircraft Icing and
Study on Icing Test Scaling Law[D]. Mianyang: China
Aerodynamics Research and Development Center,
2007.

SRR O IS 55 AR S 6 5 R BL{EL 23 A [ D).
Jemt: w ERRE B TR BT, 2013,
ZHANG Yong-liang. Experiment and Numerical Stu-
dies on the Atomiaztion of a Pressure Atomizer[D].
Beijing: The University of Chinese Academy of
Sceence, 2013.

BELRN, M AYERR. BRI AL R S S
i o A R PRI ST (0], BARESD 1 TORE, 2006, 21(6):
632 —634.
GONG Jing-song, FU Wei-biao. A Study of Atomiza-
tion Characteristics of "Swirling Gsa-liquid Spray
Atomizer"[J]. Engineering for Thermal Energy &
Power, 2006, 21(6): 632—634.
DWAYNE B J. Icing at the Mckinley Climatic Labor-
atory—An Update of the New Icing Capability
Project(end of FY03)[R]. ATAA 2004-735, 2004.
WHME. B 5 ZRBE S UFD]. Jbat: Rdup
Ji K2, 2001.
Al Yu-hua. Investigation of Spray Atominzers and
Steam- Ejectors[D]. Beijing: North China Electric
Power University, 2001.
HAE]. Wi M]. dbat: AU Tl Rk, 2005.
CAO Jian-ming. Liquid Sprays[M]. Beijing: China
Machine Press, 2005.
TILE, BTER, 2R84 )25 A e A 1] 3 ik
BRI TR T]. BT R RS TR, 2009, 25(9):
52 —54.
FANG Li-jun, KAN De-min, LI Tie-jun. Measure Me-
thods of Spray Distribution in Radial Direction of
Pressure Atomization Nozzle[J]. Electric Power
Science and Engineering, 2009, 25(9): 52—54.



