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volume fraction of water vapor was 0.18. The inner wall temperature of the tube was set as a constant wall

temperature boundary with a temperature of 318.8 K. The upper and lower boundary is set as symmetric
boundary, and the axial side of the heat exchange tube is set as periodic boundary condition.

2.2 Governing equations and boundary conditions

The governing equations were listed from Eq(1) to Eq(13). The mass conservation equation:
% 5. (o) -5, (1)
or
where Sm is source term. The momentum conservation equation:
A _ — = —
;—r(pv)-v-V-(pvv):—V;;+V-(r)+pg+F (2)
where ris shear stress, and is calculated as follow:
= - -7 2 -
r=u[(V-v+Vy )—EV-VIJ (3)

Energy conservation equation:

(4)
The mass conservation equation of condensate film:

®)
where h is the height of liquid film.

(6)
The energy conservation equation of liquid film:

(7)
The mass flow rate of water steam in the interface was calculated using diffusion balance model:

®)
where ysat is the saturation mass fraction of water and can be calculated as follows:

9)

The momentum conservation of liquid film:

(10)

where
B, =—ph(#-g) (11)
P =-0oV_-(V.h) (12)
ophT,

L 2% o
] +vc.(pihTth'+DT) F[T/(Ts+Tu‘_27:11)+qmrp+mmp]‘] (13)

P

~
]

To compare 3-D finned tube with smooth tube, ratio of heat flux are defined as follows:
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E(Q) — QS-D finned tube (14)

Qsmooth tube

2.3 Result validation

Validation of numerical result is consisted of two parts. The first is grid independence verification. Mesh number
varied from 5.5 M to 16.1 M were tested and 8.5 M was chosen considering accuracy and economy. Then, the
results were validated against our experimental result carried out by Gu et al (2021). The deviation was within
30.1 % between experimental result and numerical result, which shows the result was reliable.

3. Results and discussion
3.1 Field distribution outside 3-D finned tube

The temperature and velocity was presented in Figure 2. In this section, the inlet temperature of moist air was
333 K. Inner tube wall temperature was 318.8 K. Inlet velocity was 2.4 m/s. Figure 2(a) shows that the
temperature was low after heat transfer with smooth tube and 3-D fin. Besides, the increase of 3-D fin height is
favourable for the turbulence of flow field in the tail of the flow around the tube. The main condensation occurs
on the front of smooth tube and it mainly happens on the fin surface for 3-D finned tube. The rate of steam
condensation lies on the thickness of steam concentration boundary layer. It develops with the flow outside
smooth tube. However, the presence of 3-D fins can break the development of flow boundary, which is
favourable for the condensation process. The phase change rate distribution was presentin Figure 3. The results
show that condensation rate was higher in the front of finned tube. The front of tube has almost two orders of
magnitude higher than the rear. The reason is that the boundary layer is thinner on the fin and the front of base
tube. Besides, the increment of 3-D fin height increased the condensate in the rear.
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Figure 2: Distribution of velocity and temperature field
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Figure 3: Distribution of phase change rate

3.2 Heat transfer performance

The heat flux of the tested tubes were presented in Figure 4. 3-D finned tubes has a higher heat transfer
performance compared with smooth tube, and Alien finned tube 3 has the highest heat flux. The total heat flux
(Qo) was 4.39 times comparing with that of the smoot tube. The latent heat flux (Qr) and sensible heat flux (Qs)
were 4.27 and 4.88 times, respectively. The area of Alien finned tube 3 was also the highest and was nearly 5
times that of smooth tube. Its enhancement of heat flux and heat transfer area was nearly the same. The result
indicated that increase fin height in circumferential direction is an effective method to increase heat transfer.

1.8

L 1.67
s mEo,
L)

BN q,

Heat flux (W)

0.6
0.4

0.2

0.0

smooth tube 3-D finned tube  Alien finned tube1 Alien finned tube2 Alien finned tube3

Tube type

Figure 4: Heat flux of smooth tube and 3-D finned tube
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Figure 5: Ratio of heat transfer between 3-D finned tube and smooth tube
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4. Conclusions

The condensation of moist air outside 3-D finned tubes with different circumferential fin height were numerically
studied. Through comparing with smooth tube, the results indicated that adding 3-D fins made the main
condensation place transferred from base tube to fin surface. Meanwhile, alien finned tube with highest fin height
could achieve 4.27 times latent heat flux and 4.88 times sensible heat flux enhancement compared with smooth
tube. Besides, increasing fin height in circumferential direction was favourable for the heat transfer enhancement
in the trail area of tube, and sensible heat transfer coefficient was more sensitive than latent heat transfer. The
results obtained in this study can give reference for the design of effective moist air condensation enhancement
elements. In future, the influence of thermal conductivity and different moist air parameters should be
considered.

Nomenclature

h —fin height, m

Cs — circumferential fin spacing, m M — mole molecular weight
Cphase — condensation coefficient p — pressure, Pa

D — diffusion coefficient, m?/s Q - heat flux, W

F — fin number W — fin width, m

v — velocity, m/s y — mass fraction

t—time, s ¢ — enhancement ratio

T — temperature, K 1 - shear stress

S — source term
X, y — Cartesian coordinates
m — mass flow rate, kg/s

M — dynamic viscosity, Pa s
p — density, kg/m?3
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