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Condensation of Moist Air in Heat Exchanger Using CFD

1. Introduction
Goal is to reduce energy consumption for room cooling
Literature research
Summary of most important parameters

2. Test Case
Simple-geometry channel was used
Volume and mass fraction of phases were computed
Different setting were tested
Grid independence test
Analytical determination of condensate

3. Experiment
Description
Data have been recorded
Amount of condensate was measured

4. Numerical Model
Only space between two ribs was considered
No solid-fluid interface
Simple boundary conditions were used
Comparison of results

5. Conclusion
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Mesh

Quadrilaterals only 50x50x1000 mm
Edge sizing Enough elements?

Bias faktor (boundary layer)

Boundary Conditions

Inlet speed = 0,1 m*s-1

Inlet temperature = 295,15 K (22oC)
Temp. longitudinal walls = 274 K      (0,8oC)    Atm. pressure, Re = 330, Velocity inlet, Pressure outlet

Inlet air specification

ωwv mass fraction of water vapour [kgvapour
.kgmixture

-1] 

SH specific humidity [kgvapour
.kgdry_air

-1]

Φv volume fraction of water vapour [mvapour
3.mmixture

-3]

mda mass flow od fry air [kgdry_air
.s-1]

ρma density of moist air [kgmoist_air
.m-3]

ρda density of dry air [kgdry_air
.m-3]

mma mass flow of moist air [kgmoist_air
.s-1]
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Laminar flow – mass flow of condensate:

mc,lam mass flow of condensate, lam [kg.m-2.s-1]

WB , WM molecular weight of condensate and mixture [g.mol-1]

DBM binary diffuse coefficient [-]

ρm density of mixture [kg.m-3]

δ boundary layer height [m]

x molar fraction of component in mixture [-]

Turbulent flow – mass fraction of condensate:

mc,turb mass flow of condensate, turb [kg.m-2.s-1]

TM coefficient of wall, depends on form of flow
YBP mass fraction of condensate in node near wall [-]

Tested models
NAME DRY AIR CONSERVATION? CONDENSATE GENERATED? COULD BE USED?

Mixture NO NO NO

Mixture wall film NO NO NO

Volume of Fluid YES NO NO

Eulerian - - NO

Wet Steam - - NO

CFX YES YES YES
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Summary:

+  Computes condensation
+  Is functional setting
+  Good convergence

CFX results
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CFX results
Model proofed its stability → find out quality of discretization
→ Grid independence test

Analytical solution
Need to know temperature and velocity outlet profile

Results comparison

Numerical model predicted of 3,4% condensate more → This is correct procedure

Average temperature
(outlet) according to 
CFX is 275.2 K

BC for longitudinal
walls temperature is
274 K

Equilibrium was
almost reached

Title Value (gvapour
.hour-1)

Amount of condensate - CFX 4,536

Amount of condensate – analytical 4,3856
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Experiment

 Visualize and quantify the condensate

 Numerical simulation of condensation on

heat exchanger (setting comes of previous model)

 Comparison of results (especially temperature field)

 Record of parameters while making experiment

 The most important parameters study
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Numerical model

Mesh
379 422 elements

Boundary layer near
pipes from chiller
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Comparison of results

For 234 ribs

Calculation model Condensate (kg.s-1) Condensate (g.h-1)

κ-ε 9,103.10-7 3,277

κ-ε EARSM 9,093.10-7 3,273

RNG κ-ε 8,586.10-7 3,091

κ-ω 1,138.10-6 4,097

Different
models
test

Value Unit Comparison

Experiment 264,163 g.h-1 100 %

CFX 766,836 g.h-1 290 %

More accurate model must be
created for more suitable results
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Mesh
Space where air flows (556 410 elements) + Alumunium part (223 440 elements) + 
cuprum pipes (57 600 elements) = 837 450 elements in total

Inlet
3,53 m/s, 23 st. C, 0.00842 mass fraction of water vapour

Outlet
Atmospheric pressure

Temperatures
Bottom row of pipes = 7.11 deg. C
Middle row of pipes = 5.71 deg. C
Top row of pipes = 3.97 deg. C

Interface
Al-Cu = conservative interface flux
Al-Fluid = conservative interface flux
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Experiment 264,163 Grams per hour Real value 100 %

Num. model no.1 766,863 Grams per hour From diploma thesis 290 %

This model 521,7 Grams per hour Fined BC 197 %

Comparison of results
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Model of half of the room from experiment

Convector 10 cm from cooling wall

Mesh 925 760 elements

Turbulence model: RNG k-e

Compressible flow

Steady state

Ideal air at 25 deg.C. (no condensation)

CFD  Modeling of Condensation in  Heat Exchangers

Overview Condensation Improved model                  Flow in heated room

Wall
296 K

Inlet (from convector)
0,1 m.s-1, 313 K, verticalOutlet

Cooled
wall
287 K

Symmetry
plane

Gravity force

9,81 m.s-2

Free slip wall
adiabatic heat transfer
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Need to visualize and compute
temperature field on cooling wall, 
so it was changed boundary
condition according to calculation:

To value -42W.m-2
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Too low temperature

Not finished work – need to find more suitable boundary conditions



Summary & Outlook

 Problems solving in TU Liberec were presented

 Computational model for condensation was found

(advantage: without creating any User Defined Function)

 Comparison with experiment was shown

 Improved model of condensation between two ribs was developed

More suitable model is still needed – work in progress

 Flow in heated room with consideration of cooled wall was presented

Different boundary conditions need to be used
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Thank you for your attention
Are there any questions?

Thank you for kind acceptance
during whole my internship

Special thanks to Mr. Stiller
for all the time help
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