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Abstract: In order to uniform distribution of liquid
in the large horizontal-tube low temperature multi- m

. g . . . p Film-distributor @
effect distillation (MED) desalination, the spray NN
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characteristics of a hollow nozzle were studied i ,,’{«MM
Falling film flow

Falling film working fluid T
Tube-bundle

experimentally. A centrifugal nozzle spray
characteristic test-bed and a radial spray density Hot medium ~7
measurement device were designed and built
independently. The spray cone angles of the nozzles
were obtained by marking the spray edge with the
spray photographs taken by the high-speed camera.

The variations of flow rate, spray cone angle and

Spray shape diagram of hollow-cone type nozzle

radial spray density versus spray pressure, as well as

the radial spray density versus spray height were the main focus of the present work. The experimental results showed
the export flow rate with the increase of inlet pressure, and the growth rate of flow rate tended to be slower. In normal
experiment conditions, the spray cone angle was determined by the angle of the divergent section at the nozzle outlet,
while it shrank the inner edge of the circular liquid film due to the loss of power under gravity, and the spray of the
hollow nozzle exhibited a regular annular shape. As the inlet pressure increased, the effective spray area extended to
the center as a whole, and the peak value of spray density also increased obviously, the symmetry of which was
improved and the spray density was basically symmetrical when the pressure was 349 kPa. While increasing spray
height had an opposite effect. With the increasing of spray height, the two peaks gradually moved away from the center
and the radial droplet distribution was more uniform. The peak value of spray density decreased but always dominated,
and the effective spray area expanded outwards. When designing the horizontal-tube evaporation distributor, the
operating pressure should be controlled reasonably depending on the uniformity of nozzle spray density. The ineftective
spray area can be eliminated effectively according to the principle of peak-valley superposition.

Key words: hollow nozzle; spray cone angle; spray density; experimental investigation

Yrks: 2018-11-19, f&[E: 2019-04-11, M%K% 2019-05-06, Received: 2018-11-19, Revised: 2019-04—11, Published online: 2019-05-06

HETH: ERARBSAESHFETH @RS : 51406027); ERAREIEESE ST H @GRS : 51336001)

EE®Y: B(1979-), F, CrEREBA, HL, BIEE, A TEL), Email zhmf@dlutedu.cn; PLHER, BHERA, E-mail:
zzbshen@dlut.edu.cn.

SRR B, BHE, T8, % OB ESTIRET Y. R TR, 2019, 19(6): 1085-1092.
Zhao L, Jiao J J, Wang P, et al. Experimental investigation on spray characteristics of hollow nozzle for liquid distribution (in Chinese).
Chin. J. Process Eng., 2019, 19(6): 1085-1092, DOI: 10.12034/j.issn.1009-606X.218321.




1086 U R D 19 %5

HA

10T R AT P SERR AT SR

KB,
KA TR IR S0 0, LTI LI A0, LT k3% 116024

B B RAURCHE IR 2 R R KR A B IS PRI A R 2R S S0, B BB IFE A T & B O I R 1k S2
Ky RAR AW Er FE M R B, S el B AT B A ARy X R SN AT AR DI B, A9 B S WO M, X Bl
R . TR A R4 (e W A FEE ST S BN L 70y Wt s B2 (K AR AL AR HEAT SRR AR TE 0T . S5 5RRH], TRl
AN n, BN DR, s R SR IEH AT, WEAHE A O TSR B E, EWIEY
SRAOREE— 20, EEER T HBLA P AR I REEIL s R A AT, N 10 388 TN R DX S A )
o 4, W PR AR R, PRBE RS AR TEAS B, TS /07N 349 kPa I, Wb s LA SE AT A, B g otk s B2 U5 L A
S0 HRAR LIRS L O AT i, R BV 2R AT VLA IR 5 B 1) T P i, MR Ve 4 25 T i B T A 280 oAk T Rk IX 3K

E BRER],  VORER

REEIA): LW WEMAER WOKE L SKIRRTTT
FEFHES: P747 SCERFRIRAG: A

1 ® 7

T [ B 25 R 28 2 K AUIGIR 22 208 RO 7K IR A ¢
BRI, AMEBEON 5T T bk B2 45 ) 7 5 B X I
T DASE e SR T B Lo A R A R
TEBGHRA I S IEOL T, B EERE R A, B )R
FEI R P BUE BEZR R TR, WO JE i /N o A B
TRIGEAEFCEARIIN R, Fom B RGN TAETERE L 2
IR AP S AR AL B O IRk Y 3 S P B
ERE R AR

] P A 25 3 ot s e P A 9 RSO0 2 T 5 A v R
SFANA AR MER), Santolaya S5OV 7T 1 YR Al 48 X 5%
Z T R 20, U T 3 FRAS RIS He 77 7 i 55 IR RS
Sun FETHUAERAN 1 i I A SE M A S I 1R L AR
SR ZHO TN FFE RS20 ;- Saha ZEEIX LI B AR
0.3 1 0.5 mm )75 /0o 5 0o M W I bR I 22 RS i 5
W EERALEREAT TS Gad SRR R - G
A3 Sl B T BRI 1 55 A s A 1 2 (Al R
B 0 4204 3 mm B RS RE I, 4 SR AR T 55 4 A Bl
iR N TR A NP U 2759 R e RIS M= B = NI
Tratnig S5OV AHAL 2 85 038 B O —Fh B 0 5 AL A 1
FARRERAR EAT I &, FE A0 55 48T P e e ik
AT, FURRIAEEE /N T 100 um; Halder S5UER H 5256
S B TH B 7 3 56F He 77 T I S 0 W B (1) 97 B R ORI
W55 25 HE AT T 0 A, Ik RS ADA A L 1T A AR AR [ o
0 A B B UE T FR1E k—elm B 2 Fo0M0 (1) 1A
Rabe “EIASLIGHIFFT 1 7K — Jo k48 2 1 bt 30 Hr fe
IEN B ST5r B4 Broniarz-Press S53IF] H
AT H I TTER I T S T ALRIHETE L 55 A 3 s 25 A0 L

EHES: 1009-606X(2019)06-1085-08

H, 5 Radcliffelfi1 Rizk Z5USWE ¢ 1) BAA AL FLAL %
W 1) AV T B S ek T AL IR

LR, FE A A5 1 W RO T 7 32 B S R s
KANPLBEE =, X H F LT-MED (Low Temperature
Multi-effect Distillation) ¥ 7K ¥ ft. % B 1) 25 0 55 0 W55 6
T BRI 1 PR SEE B B AT, R R A O IR B IR T 9T A
/o LT-MED Wik [¥19 7K 75 4 IR SR T T OB BE, 1ok
S PR P A ) R R IR B BN, AT S
KR o W TRD YRR R AR o A R bR 38 43 A7 TR 35 SO M
P S 1 B 1) 2 R R AR RE S SO ST T R
WMk RG, BT mE W, AR R T
IR P AR (R, 73 31 B K PRt i e R 1)
MEEE A FRRAISES Y RBE T H X, 153
NIRRT Vi A I bR 5 R PR A AT R, AT T A
) 20N W AL 17 R B bk 85 93 A7 PR 5

ATARE BRI I T8, ki WivbhaE M A
[ PO AR 5 5 I O 1 2 A ik T I 7K IR A 2 o0
WE R SMBRIA BERRE L, VA9 T BRI — AR S R
U, N2 WEBE TR A B L 28 K 2838 S
B IE T .

2.1 XBESK

Kl 1 AiEid PROE BRI S50 & =44 B R
. BOBIHEBTEEE ST RGN R R
BIRHKUR, 5505 BT KRR, [ e SCEE s
AR G| RS R B, WAL R, AR M
A E M RKIEA R FH2EE . SR TT U6 A KR TR K AR
HRIE A — R R AR N R 4, T8I 57 R



6 W]

BATESE: AL B LI BT T 1087

[ K WP\ AR RRIRCRE, B0 AU A 222 [l 7K A 19 [l O
ZIRAE, 3R MGk S 22 45 K B TE AT A W o E HLE
PE TR AR R R R AR E R Rl AR e %
BN WEI R el PE s TR A 1 S5 S IR T Y
N2 AN [ 1 E AR IR TR L o o KR
IR R KR 20 5 RS I S AL PR 8l BK AT, SKBlK

MIPEERFI -
2.2 EIXER

Bl 2 AT LB SR E E, B EH IR
C1 WA & S5 MHe = O BRI . B
kA, BRI 1.

)

1. Water tank
8. Slide device 9. High-speed camera

2. Feed water pump 3. Bypass valve

4. Electromagnetic flow meter
10. Radial density measuring equipment

5. Pressure sensor 6. Serpentine pipe 7. Nozzle
11. Water sink 12. Cycle pump 13. Filter
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Fig.1 Three-dimensional layout of experimental platform
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Fig.2 Picture and schematic of hollow nozzle
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Table 1 Value of nozzle size
Parameter Di/mm D,/mm D;/mm D,/mm hi/mm hy/mm h3y/mm Li/mm Ly/mm a/°® a/°
Value 22.1 29.1 17.9 13.5 14.1 1.6 2.9 2.9 135 135
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Fig.3 Spray cone angle recorded by digital camera
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(a) Diagram of radial spray density measuring device
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Fig.4 Spray density measuring equipment
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Fig.5 Spraying images of nozzle at different inlet pressures
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Fig.6  Effects of inlet pressure on nozzle flow rate
and spray angle
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Fig.9 Fragmentation of liquid film at different inlet pressures
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Fig.10 Radial spray densities of nozzle at different spray heights and inlet pressures
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