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Model for calculating water bridge volume retained between vertical fins
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Abstract: When a fin-and-tube heat exchanger worked as dehumidifier, lots of water bridges would form between

vertical fins and the water volume of these bridges could affect discharge of water condensate. A model for the

calculation of water bridge volume was established by integration of meniscus curve along triple contact line of

the water bridge. An ellipse equation was used to simulate the triple contact line while a model of meniscus curve

at the water-air interface was obtained from calculation results of the Young-Laplace equation. The model for

calculating water bridge volume was validated by experimental study on triple contact lines and meniscus curves.

The model predicted water volumes of these bridges 95% times aligned with the experimental data within the
deviation limit of &=15%, which had a mean deviation of 7.12%.

Key words: water bridge volume; vertical fin; model; numerical analysis; experimental validation

P R H AT N T RGN, 1 E
GRS ATAENR T RO 2438 P AR TV 2 <
P R LR, B RPRKER S R, JRE
S STV N, /N 22 B B AR (AN
Wr kATt — 2D AR B SRS, MTIAE A (]
Wit S ER 18] (O = B 28 22 RAE, i

2016-04-01 Y EIHTF, 2016-06-03 Y BE 5«

BEA: THR. S—FH: A (1987, 5, Ht)E.

EEUIH: ExARRERELTE (51576122); EZHRRI LS
BT RBHARL ARSI E (51521004); _EHHHRFHZEAM LTI
H (16XD1401500).

LSRR, R, W A TR
PrRE 2,

BRI TURLE 3 A5 ek, Bl Al
PR o DT RIT TR 1 3% L T VRO 1) 2 i 2 D v
B Bl T U@ 5 7 A R =R %
HAFIE WA e B2 R E S, B
I A W BT AR 0 i 2 s () A AR AL, R0
SR LR P TV A e a7 B R X 2 pA T

Received date: 2016-04-01.

Corresponding author: DING Guoliang, glding@sjtu.edu.cn

Foundation item: supported by the National Natural Science Foundation
of China (51576122), the Foundation for Innovative Research Groups of the
National Natural Science Foundation of China (51521004) and the Program
of Shanghai Academic Research Leader (16XD1401500).



5% 10 34 FERFSE: &

L (B R AR T AT * 4081 -

UM IR, PRI R B . — R R B
TR AR AR, T PP I HE K R

TR VA A R TR R L T e o S [ 2 ik D R <R
FEART AR SR A, rb v ] A T 2 eh i 2R 6
BRI T s, SV e T 2 E 25 9 T P i 2 T e T
B BT DA ST VR ARV R (1) S 2 25 it Ak T i 4%
AR T R o 255 p 0 TR R[5 8 ik 1 2 52 B 1T
sk JJFNE DRI, SR Al A AN R 5 AT
MIANTE],  RMAE T SR AR I 75 2225 fR e
T 3K SRR I m . B AT B2k 5 fE B
AR TR A0, AR KPR ) B B fih 1
TR B PO [B T B f 2T100 o T A AR 5 0
BN, b AR, AR TR S W R
TR PR AR EIRE A . B el M 1B 7 A
SHACTAR IR T, 240 P A B PR )
i, fEEIRER PRS2 RAEIRAS, HAEmMA
SRl AT AR Ak, DR A B8 FH 7K T 42 i
F AR B R R (1) B A

AR T AR 25 8 3 /5 5 0 R TH 5K J4E R
[RRE A 1 BE T AL AR, BT T RERS TR B
J TN AR 2
1 ZFEA
1.1 BEIR

I A ()T BRI W 1 B M e
S G T 1 N 2 ) (= B S 3T A
o CV0 S R T . SR TR AR R ST
DA 325 - K S 2R K-8 5 B 2k, AR5
PR BN K A SR -3 22 T, i s
I I 5 1 3RAF M IR A4 AR

e

' -\rwater bridge

BT BB o) a5 1

Fig. 1 Schematic diagram of water bridge between

vertical fins
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Fig. 2 Interface between water bridge and vertical fin
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Fig. 3 Contour of meniscus curve of water bridge
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Fig. 4 Comparison of meniscus curve between analytical

equation and 4th degree polynomial
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Fig. 5 Integral section for volume of water bridge
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Fig. 6 Schematic diagram of experimental apparatus

l—auto-syringe; 2—elevator; 3—lens; 4—CCD camera; 5—clamp;
6—transparent sample; 7—fixed system; 8—rotation platform; 9—x-y-z

movable platform; 10—LED light; 11—computer
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Fig. 7 Deviation of predicted water bridge volumes from

experimental measurements
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Table 1 Advancing and receding contact angles of

different test points
Test point
Item Average value
2 3 4 5
NG 775 7184 779 781 776 77.9
Or/(°) 56.4 56.2 55.8 56.0 55.7 56.0
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