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Numerical Analysis of Liquid Film Flow of Horizontal-Tube
Evaporator Based on VOF Model

DING Xin,CHEN Ye,JIA Kejun

(School of Mechanical and Power Engineering, Nanjing University of Technology ,Nanjing 211816, China)

Abstract;In the design of the liquid distributor of the horizontal-tube falling-film evaporator, film forming quality is
influenced by several structural parameters of the liquid distribution tube. The relationship between opening spacing and
other structural parameters was studied by using the finite element numerical calculation software to simplify the design
calculation. The distributor orifice spacing is related to the width of the liquid film formed on the outer wall of the
evaporation tube. There are two main factors affecting the width of the liquid film on the outer surface of the evaporation
tube ; distributor orifice diameter and perforation velocity. Therefore, VOF model was used to simulate the flow pattern of
liquid film on the outer wall of the evaporator tube. The width of the liquid film was calculated under different distributor
orifice diameters and perforation velocities. The regression equation of the liquid film width L ( distributor orifice spacing
1), which described by distributor orifice diameters d and perforation velocities v was obtained by means of central
composite experiment. The results show that the relationship between the three can be established by the obtained
formula and the distributor orifice spacing of different distributor orifice diameters and perforation velocities can be
calculated. This formula can simplify the design and calculation of various structural parameters of the liquid distributor,
and has certain reference and application value.

Keywords : horizontal-tube evaporator;liquid distributor;liquid film width ; VOF ( volume of fluid) model
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Geometric model
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Figure 2 Geometric model grid partition

HINBE S B YR O S DR A AT 1B RN 24 A L

© BRINZE L YR N AU A, 1 S2 A W] R 4R, 78
RS A M S BON B8 A S B AU

Q@ AN JERET 78 R AL B, OB RS 3 RS i
T

@ BRI K Z AN BT 25 [ RS 5

@ ZE KA HIVE IRy TG B RE THT 1 AL

FRBE I R H TEIREE AR R 100 °C oK, <Ak Ny
100 C/KZES IR E T YRS BN 1 Fis .

&1 hrig

Table 1  Physical parameters
I p/ Bl ux107/  REKI o/
Pkt - e 3
(kg m™) (Pa-s) (N-m™)
100 C 7K 958.400 28.250 0.058 8
100 C/KZ#ER 0.598 1.269

2.4 BREXEFEHRE

JE SCHATTIETY | ST -5 PR R 5 i 5 S Ak g e R
T ST, S 0 RS AL D 11 R 5 % S L B il
Je T A s 3 10 TR s ) 20 05 5 SO BT A e
I VSR, T H 22y O 28 A8 SN BE O BE 1 5 E
SCHAt 4 A5 i 3 BRI

TEREATA FRICIT B, X8 48 SR Sl IR 28
AR R BB (VOF) |, AR T 3l o0 J2 i i 3l o
SRR I L AT T, A A T B R 3
(LA, IR 1077 s, B IRIEEE o 5 s, BSOS
JERERE 1077,
3 MIREEEMERS DN

N T BIRTE A 2 R IR 28 A BE 1) T 2l 1Y) 52

M , X AN [ 2 FL AL AL A T A I Sl IR 2 AT B
LA RIS AR, 369 A i 2 2004
T AL AL F Y 0. 30 ~0. 60 m/s, it 3 4~/K
SFHUEL 73504 0.30,0.45 F10.60 m/s fLA=ATHUETE
BN 2 ~4 mm, § 3 A7KFHAE S50 :2,3 Fl 4 mm,
3.1 RIEZEEHHERMER

3 7R LIfE 0 =0. 60 m/s, fL4£ d =2 mm
ZRAET, o BAALR HABETY TS B 4 2 A SN EE THT 4
TETE L R o

B3 (a) H1, 2 0 =0.02 s i, JAE AR IRALIAL
AR FRE T, B 3(b) A, 20 =0.04 s I A
Sl BE THT , T 4670 BE T I B . A 3 () ~ (e)
o, T LA B R Sl Y HE AT YR B 1 Al 1) A
Ji 16 77 Vi) [ P S i 254 Y S A B~ B 23 S
Bty b p TR TR I A e 0 A, bR A Y
TBONE 1) A 0GR R i DX Y LS R
IS0 N I SO £ = <03 o o N A R e [
JEE WA 08 T ) AL R A T, TR T I S R
BRI R BE T I b T by s, R
T3k g MVEE [k g AV R a  foi o RS £ Al 17 |
{OBuysSE St AN - s IO B A b /1 6T 3
il i) S0 PR3 B3 o, e R R T P R T P
BI3(O) , aT AR HAE ¢ =0.24 s I IR E 2 211 7%
FAEIRHR A2 3L 20 R ¥, i 6 BE IR OT 4 2R
o B3 (g) v, ATLUE M2 R B IR TR, Bt WA
B A Py e d. B3 h)Hh,fEe=0.5
s I, F AR R TR A i ok 1 A vk i, i AT
BT B3GR, 1E 6 =0.58 s I I IR AR IR
2N R RE , — NIRRT B A 45

MBI G e, JEHE AL 3 (1) Aol AW g
H VAR A BE IR B I, AR 2 S A8 il L R AR B
—RE S L WP AN P2 A, EL TR 114 98 5 ol o
RFIRHER R R o T A RCE B fLZ [l fL
1 o AT RO FLIRLAT AR A W r by T 5O U A 9
AR P FLIFL I H AR 28 A HEE L BT I B
ZIAA —E W, 15 WA 28 K B IR XN — 5 2
A7 Rk I 56 1 DX S, T B T B
U, R IR Sl B T BB A 78 A IR T
J I PR R SO TESE L, , A 4 TR

HIH CFD-Post J& A FRAR A, 0 A W] A ¥ LA A1
AL T, OB SRS E 5 R T8 1L, 25 5 nk 2
IR o



(8RS - i&it] T 8.%F.27F VOr REFUKEERLZBRIERDYEHAR - 43 -

~_~"

(a)1=0.02s (a) 1=0.04 s (c) t=0.06 s

<

(d)#=0.12's (e)1=0.16 s

(£)1=0.36 s (h) =050 (i) =0.58 s

B3 REEATL A

Figure 3 Formation process of liquid film
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Table 3 Design scheme and experimental

results of central composite experiment
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Figure 6 Calculated and simulated
values of liquid film width L,
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