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Motivation

* The study of the two-phase condensation
region Is important for the design of heat
exchangers.

* The condensation process of binary mixtures
IS more complicated than that of the single
component fluid.
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Heat and Mass Transfer during
Mixture Condensation — different from pure fluid
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Heat and Mass Transfer during
Mixture Condensation — Resistances
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Definitions In this work

* Equilibrium vs. non-equilibrium models
« Equilibrium: no mass transfer resistance
example: Silver [1] and Bell & Ghaly [2] models
* Non-equilibrium: mass transfer resistance
example: film theory, Colburn & Drew [3]

= Heat and mass transfer resistance

The resistance emphasized in the present work is specific to the vapor phase.
The mass transfer resistance in the liquid phase is not predominated.
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Overview of the models

= Resistances considered 6 S
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Equilibrium models

= Conservation equations:

d (ap, Vi) = — M,

Mass: vapor

dz
liquid L (1= a)pnh) = M
dz |
Momentum:
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Equilibrium models

» Heat balance: @w = Qw + Qs

_ Dy
heat ﬂUX Qw = D_W(QI'U + QHJV)

= Condensation rate:

4 (QW — (DV/D‘-’U)GHV}
Dw Hlv

M, = , Hiy = f(Teq, Co)
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Equilibrium models

= Heat balance: @w=Quw +/@/

D,
heat flux: 9 = D—w({}'lv +9/.<{j

= Condensation rate:
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Equilibrium models

= Heat balance: Qw =Qn + Qs e ] —

_ DU
heat ﬂUX Qw = D_W(QI'U + QHJV)

= Condensation rate:

4 (Q‘w - (DV/DW)GW} . .
DW H]v 3 HIV — f(TCQ3 CU) @D

:'uft —

= Sensible heat (Del Col et al. [4])
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Non-equilibrium models

= Additional conservation equations:

: d
Species: —(ap,V,Y) = —M,

dz
Energy:
1 1 4D,
é (ap VL, H,) — Hvié (apy Vi) = — D2 Gsv
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Non-equilibrium models

= Condensation rate of each component

Based on film theory and Fick'’s law,

Ul_MtY—f ko (Y —Y)

W

My = My — My

= Heat flux
D?

Sensible: ¢ = h(Ty — T)

L atent: Qv = 1D, (1I1Hh | + My Hyy 2) Hy, = f( )
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Summary of the models

Model Conservation Eq.s solved Information needed

1 mass, momentum T-C diagram

2 mass, momentum T-C diagram

3 mass, momentum, species UG CLEgem,
’ 5P diffusivity data

mass, momentum, species, T-C diagram,

4 e o

energy diffusivity data

NTNU - Trondheim
Norwegian University of
Science and Technology

www.ntnu.edu °



Results

» Study case
Mixture: R134a/R123 0.349/0.651 by mass

Inlet pressure: 495 kPa
Mass flux: 300.5 kg/m?s
Tube: diameter 8.4 mm, horizontal

Wall heat flux: interpolated from Kogawa's [5] experimental
data with quadratic polynomials
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Results
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Results
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Results
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Results

08 : ' ' T T [ "m 0.35 . ' - -
: : : : = - —=- Diffusion, Model 3 Condensation, Model 1
- - e .
= 075 | ! 8 gl Diffusion, Model 4 Condensation, Model 2
& 0.7 /"‘/ | I — Condensation, Model 3
> b b g Condensation, Model 4
g 0.65 [ [ | [ ‘7w 0.25¢ 7
o I | | =
z L 2
« 06 L B S 2l -
a1 | | | | =
u, 055 I I | [ g
s .
= 05 | o % 0.15} 1
|

£ 0us I E
Z 0. I 01t -
2, . Model 1 =
g 04 L Model 2 |7 &
O o35l o Model 3 | | g 0.08¢ I

. | | Model 4 g

03 I I I o ] T T 8 0

0 1 2 3 4 5 6 1 0.8 086 04 0.2 0

Condensation length [m] Quality

NTNU - Trondheim
Norwegian University of
Science and Technology

www.ntnu.edu °




Conclusions

O The non-equilibrium models give better predictions than the two
equilibrium models.

U The mass transfer resistance in the vapor phase has a
significant effect on the condensation length, and it overweighs
the influence of heat transfer resistance.

O The equilibrium models are simpler, computationally cheaper
and faster than the non-equilibrium models, but it may under-
predict the required length for full condensation.

U A method that can predict mass and heat transfer accurately
and efficiently is highly demanded for the reliable design.
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Appendix: closure relations

= Pressure drop model
?plfvo

(Dlzo =(1-x)°+x + 3.24A,A3 Fr 00% We=00%
Pv fio
0.91 0.19 0.7
Ay = 22781 — 0024 A, = (ﬂ) (/ﬁ) (1 _ &)
i - \py M Hi

”

G2
Tw = ﬁo Z_plq)]zo

= Heat transfer coefficients
h, = 0.023Re,%Pr, %42, /D,

2.22\ A
h = 0.023Re,*%Pr,%* (1 + ) —=
X3.89 Dw

= Mass transfer coefficient
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