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Tento studijni pobyt mél za cil navazat na predchozi tfitydenni pobyt na stejném pracovisti v prosinci
2012. Cilem bylo navazat kontakt a spolupraci s mistnimi specialisty na proudéni v mechanice tekutin.
Cilem dlouhodobé¢jsiho pobytu v roce 2013 bylo prohloubeni spoluprace a tvorba odborného ¢lanku o
kondenzaci vlhkého vzduchu. Vysledky vyzkumu byly pfedstaveny pii pfednasce v anglickém jazyce
pro celou katedru dne 17.12.2013. Zaroven byl vytvofen spolecny c¢lanek, ktery byl poslan na
konferenci Interational Conference on Fluid Mechanics, Heat Transfer and Thermodynamics do
Dubaje, kde byl také na konci ledna 2014 prezentovan zhruba dvacetiClennému mezinarodnimu
publiku. Béhem celého pobytu byla s mistnimi odborniky konzultovana odborna témata z oblasti
proudéni tekutin, kdy mi zaroven bylo z jejich strany umoznéno nahlédnout na jejich zplsob prace a
vyuzivani nejen teoretickych, ale i praktickych poznatk.
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CFD Modeling of Condensation in Heat Exchangers
Overview

Duration of stay at TUD:

Arrival: 21.10.2013
Departure: 20.12.2013
Supervisor: PD Dr.-Ing. Habil. Jorg Stiller

Content of presentation:

1. Condensation in Heat Exchanger Using CFD
2. Improved model of condensation

3. Flow in heated room
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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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Condensation
Mesh
Quadrilaterals only 50x50x1000 mm
Edge sizing Enough elements?

Bias faktor (boundary layer)

Boundary Conditions

Inlet speed =0,1 m*s’!
Inlet temperature =295,15K
Temp. longitudinal walls =274 K Atm. pressure, Re = 330, Velocity inlet, Pressure outlet

Sign of variable

Inlet air specification
1
@y =17
®,, mass fraction of water vapour [kg,,

o
WV “Smixture

SH specific humidity [kg,, kg

B
Evapour X Ery_air
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0.000300525 kgt
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®, volume fraction of water vapour [m,
mass flow od fry air [kg,, 5]

Pma density of moist air [kg,,, ,,m"]

paa density of dry air kg, m]

m,,, mass flow of moist air [kg, . ']

apour Mixture L 99915731

P L1oso [N

Volue fioet e, 09977058

Dew point temperature [ LLs§s e
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Laminar flow — mass flow of condensate: . _ Wp Dpmpm (1—x3(6))

Meiam =
m ju, mass flow of condensate, lam [kgm™s] WM § 1-xp(0)

W3, Wy, molecular weight of condensate and mixture [gmol']
Dgum binary diffuse coefficient |-|

Pm density of mixture [kgm™]

3 boundary layer height [m)

X molar fraction of component in mixture [-]

Ypp-Ypw
M vaw

Turbulent flow — mass fraction of condensate: m.. —
c,turb —

mg,, mass flow of condensate, turb [kem™s']
Ty coefficient of wall, depends on form of flow
Ygp mass fraction of condensate in node near wall [-]

Tested models

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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Cont
84336003
7.8480-003
7.263-003
66786003
60936003
55086003
49230003
43380003
37530003
31686003
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9.9866-001
9.9786-001
9.9706-001
99626001
9.955¢-001

99470001
9.939¢-001
9.9316-001
9.9236-001
9.9166-001

CFX results 9%

10806

0 2 @ 60 £ 100
Accumulated Time Step
— RMSPMass —— RMSUMom = RIS V-Mom RMS W-om

Mass flow inlet 0.00029741 kg s*-1]
Mass flow outlet -0.00029615 kg s*-1]
Lost weight 0.00000126 kg s™-1]
Summary: ot
. s pnce
+ Computes condensation ssreaz bridined
. . ity
+ Is functional setting anen
+ Good convergence oot
el
[0
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Grid independence test

CFX results

Model proofed its stability — find out quality of discretization
— Grid independence test

Analytical solution
Need to know temperature and velocity outlet profile

py
Average temperature
(outlet) according to

CFXis2752K 5
BC for longitudinal g
walls temperature is %

274 K

Equilibrium was E v T : 3 3 "”I/ —
almost reached

Results comparison

° HX Diagram

sestaveni pro tlak: 101325 [Pa)

® Vypocet kondenzatu

o JRS——
Tltle Value (gvapour-hourl) 0 1 2 3 4 5 6 7 8 9 101 12 13 14 15
Amount of condensate - CFX 4,536
Amount of condensate — analytical 4,3856

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

» Visualize and quantify the condensate
» Numerical simulation of condensation on
heat exchanger (sctting comes of previous model)

» Comparison of results (especially temperature ficld)
» Record of parameters while making experiment
» The most important parameters study

".\\\\\lI‘||\Il\\\\\\lll'l\l\l\\\\\u\\‘f .
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Numerical model
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pipes from chiller :

ister Vapour at 25 C Mass Fraction
apou
54390003

63316003

42200003 prsiapend

33816003
25386003
16950003
85220004

75960003
6753003
59106003
50876002

2178008

92196006

9219000




CFD Modeling of Condensation in Heat Exchangers

Overview Condensation Improved model Flow in heated room
Calculation model Condensate (kg's™) Condensate (g'h™!)
Different
models e 910310/ 3277
test

K- 1,138:10°¢ 4,097

For 234 ribs
Value Unit Comparison
Experiment | 264,163 gh! 100 %
CFX 766,836 | gh! ( 290 % )

More accurate model must be
created for more suitable results

°e
[

Overview

CFD Modeling of Condensation in Heat Exchangers
Condensation Improved model Flow in heated room

Condensation Of Moist Air In Heat Exchanger

Using CFD
e B

Accepted article for conferece
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Improved model

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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Wi IIAd'PcerﬂT rature
:o?mur empel'av?lna.lRRalb
2.944e+002

2.927e+002
2.910e+002
2.892e+002
2.875e+002
2.858e+002
2.840e+002
2.823e+002
2.806e+002
2.789e+002
2.771e+002
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\Velocity
[Contour Velocity
3.624e+000
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Water Va?our at 25 C.Mass Fraction
Contour Velocity Water V4

[ 8.432e-003

7.589e-003
r 6.745e-003
r 5.902e-003
r 5.059¢-003
I 4.216e-003

3.373e-003
r 2.530e-003

1.686e-003
I 8.432e-004

9.165e-009
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Water rat 25 C_.Mass Fraction
Contour Vapour Ril

7.393e-003
6.654e-003
5.914e-003
5.175e-003
4.436e-003
3.697e-003
2.957e-003
2.218e-003
1.479e-003
7.393e-004
1.045e-008
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Comparison of results

mass flow inlet 7.9449e-05 [kg s°-1]
mass flow outlet -7.883e-05 [ka s~-1]
lost weight 5.193e-07 [kg s*-1] 1rib

whaole convector 234 ribs grams per second

234 ribs grams per hour

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 %

CFD Modeling of Condensation in Heat Exchangers
Flow in heated room
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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
Flow in heated room

Free slip wall
adiabatic heat transfer

Wall
296 K

Symmetry

plane \

Cooled
wall
287 K

Gravity force

l 9,81 ms2
I Inlet (from convector)

Outlet l 0,1 ms!, 313 K, vertical
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Temperature
Volume Rendering 1

3.130e+002
3.065e+002 [
3.000e+002
2.935e+002

2.870e+002
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Temperature

temp x0t2
3.130e+002
3.104e+002
3.078e+002
3.052e+002
3.026e+002
3.000e+002
2.974e+002
2.948e+002
2.922e+002
2.896e+002
2.870e+002
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Temperature

temp x0t4
3.130e+002
3.104e+002
3.078e+002
3.052e+002
3.026e+002
3.000e+002
2.974e+002
2.948e+002
2.922e+002
2.896e+002
2.870e+002
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e
3.130e+002
3.104e+002
3.078e+002
3.052e+002
3.026e+002
3.000e+002
2.974e+002
2.948e+002
2.922e+002
2.896e+002
2.870e+002
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Te ratu
homp stena
.130e+002
.116e+002
.103e+002
.089e+002
075e+002
.062e+002
.048e+002
.034e+002
.021e+002
.007e+002
.993e+002
.979e+002
98521002
'938e+002 Need to visualize and compute
'925e+002 . .
231721008% temperature field on cooling wall,
gate 02 so it was changed boundary
K] condition according to calculation:
stena s konvektory drevotriska
area average temperature 2.964e+02 [K]
heat flux -4,192e+01 [W m~-2] 4.473e-02 W m~-2]
area average wall heat transfer coeffident 3.218e+00 [W m™-2K~-1]
Tovalue -42W-m-2
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Temperature
Volume Rendering 1
3.130e+002
2.983e+002
2.835e+002
2.688e+002
2.541e+002
[K]




CFD Modeling of Condensation in Heat Exchangers
Overview Condensation Improved model Flow in heated room

Temperature
temp x0t2

I 3.130e+002
3.071e+002
[ 3.012e+002
[ 2.953e+002
[ 2.894e+002
! 2.835e+002
2.776e+002
[ 2.718e+002
2.659e+002
I 2.600e+002
2.541e+002
[K]
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Temperature
temp x0t4

[ 3.130e+002
3.071e+002
T 3.012e+002
- 2.953e+002
- 2.894e+002
[- 2.835¢+002
' 2.776e+002
I 2.718e+002
2.659e+002
I 2.600e+002
2.541e+002

K]




Temperature
temp y0t3

[ 3.130e+002

3.071e+002
r 3.012e+002
[ 2.953e+002
[ 2.894e+002
r 2.835e+002
r 2.776e+002
r 2.718e+002

2.659e+002
I 2.600e+002

2.541e+002
[K]
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Temperature
temp stena

3.130e+002
3.085e+002
3.039e+002
2.994e+002
2.94%e+002
2.903e+002
2.858e+002
2.813e+002
2.767e+002
2.722e+002
2.677e+002
2.631e+002
2.586e+002
2.541e+002
[KI]
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Too low temperature

Not finished work — need to find more suitable boundary conditions
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Summary & Outlook

v Problems solving in TU Liberec were presented
v Computational model for condensation was found

(advantage: without creating any User Defined Function)
v Comparison with experiment was shown
v Improved model of condensation between two ribs was developed

More suitable model is still needed — work in progress
v Flow in heated room with consideration of cooled wall was presented

Different boundary conditions need to be used

CFD Modeling of Condensation in Heat Exchangers

Overview Condensation Improved model Flow in heated room

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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Vortrag

CFD Modeling of Condensation in Heat Exchangers

Dipl.-Ing. Jan Barak

Technische Universitat Liberec

The talk summarizes recent work on better understanding and improving
convective heat exchangers at TU Liberec and concludes the internship of the
speaker at the Chair of Fluid Mechanics at TU Dresden.

1) Condensation of moist air in a heat exchanger: test case, experiment
description, numerical model, comparison of results

2) Flow in a heated room with consideration of cooled walls: introduction,
numerical model, different boundary conditions

3) Outlook: Measures for improving the numerical model

Termin: 17. Dezember 2013, 13 Uhr
Ort: ZEU 150A

Kontakt: Prof. Dr.-Ing. habil. Jochen Frohlich
Sekretariat: 0351/463-34736, claudia.wiegand@tu-dresden.de





