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Beverage machine Cooling Analysis
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 Design requirement
o 5L water be cooled from 25oC to 4oC
o Must cool down less than 30min

 Software benchmark
o Cylinder geometry
o Fluid behavior

 Boundary conditions
o Transient analysis
o TEC
o Air/ Liquid cooling
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 5L water, T0=Ta=25oC, T1800s=4oC
 Properties of Water

o Density: 997kg/m3

o Specific heat: 4181.6J/kg K
o Thermal Conductivity: 0.607W/mK

 Internal energy change
o U=mCpT=0.005 X 997 X 4181.6 X (25-4)=437,750 J
o 30min to reach the target temperature

• Average power is 437750/1800=243.2W
• If the TEC cooling capability is 50W, we need at least 5
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 Consider the natural convection and radiation effects
o Simple cylinder model to check the convection
o 60W loading, check surface temperature by solid conduction
o =1, D=200mm, H=200mm, Ta=20oC, Tsurface=53oC by theoretical 

solution

FloTHERM Cylinder
Tsurface=62.5oC

FloTHERM Cuboid
Tsurface=50oC

FloTHERM XT Cylinder
Tsurface=51oC
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Solid Component
K=0.607W/mK

Fluid Subdomain
Water

Solid Component
K=0.607W/mK

Fluid Subdomain
Water

 Usually we use solid component instead 
of fluid to simulate the conduction

o If the fluid stirred?
o How to set K value for interface?
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FloTHERM XT FloTHERM

FloEFD

Flotherm XT (Fluid 
Subdomain)
• Fluid density 

defined by table
• Density=f(temp)

Flotherm (Region)
• Fluid density is 

constant
• Defined 

expansivity=f(temp)
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 Operating temperature 25oC
 2L water, T0=25oC
 6 TECs, 3 fans, 4 heat pipes
 Neglect radiation due to the 

tank surface emissivity is low
 Transient simulation

o From 0s to 9000s
o

Insulator

Insulator
Partition
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 TEC1-12706 Datasheet
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• Time=9000s
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• Still need 6000s to cool down to 4oC
• Preheated air impact the performance
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• Inlet Condition:
Fixed flow:1L/min, T=30oC

• Outlet Condition:
Pressure: default ambient
Calculate temperature 35.2oC

TEC Hot side: 39.5oC, Cold side 1.33oC
Overall heat transfer 118W/pc
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 Compare flow channel design
 9225 fan * 2, 35oC Ta

45oC inlet
0.5L/min

Case 2
Outlet Case 1

Outlet
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• Case 1

• Case 2
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Case 1 Case 2 Case 2 
Inlet Temperature 45 45 45
Outlet 41.943 44.41 41.968
Pressure Drop (Pa) 752 761 1025
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Cold water 
42.6oC

Hot water 
47.1oC
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150min=9000s

6 TECs

17oC

8oC

5oC

Water Temperature

8oC
5.5oC

• Error analysis
1. Without effective insulator
2. TEC placement, constrained by system 

mechanical design

100min=6000s
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• Hot side T=52.85oC
• Cold side T=4.014oC
• Heat Pumped=20.7W
• Total heat transfer rate is 117.3W
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Hot side temperature (oC) 27 50

Qmax (Watts) 133.4 145.8

Delta Tmax (oC) 70 79

Imax (Amps) 8.5 8.5

Vmax (Volts) 25 26.9

Module Resistance (Ohms) 2.25 2.49

0

5

10

15

20

25

30

0 1000 2000 3000 4000 5000 6000 7000

T
em

pe
ra

tu
re

 (
oC

)

Time (S)



21 21

 XT can perform excellent of 
o TEC behavior
o Heat pipe
o Fluid subdomain help to simulate the fluid convection
o Transient model setting is easy
o Parametric study
o Liquid cooling combine air cooling
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 易富迪科技有限公司
 台北市松山區南京東路三段 305 號 5F 
 電話：+886-2-87724131
 傳真：+886-2-27173122
 網站：www.efd.com.tw
 客服信箱：CSD@efd.com.tw


