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Mono-phase Cooling Comparison

Rectangular cooling channel : 9.5mm wide x 450mm long

Heat load area : 50mm x 50mm and 50mm x 60mm

Heat load : 0.5 W/cm^2 each side

Estimated coolant temperature drop : 3 degree C


Glycol-water 
Glycol-water
C6F14
C6F14

Channel depth, mm
2
0.5
2
0.5

Hydraulic dia, mm
3.3
0.95
3.3
0.9

Volume flow, L/min
2.91
2.91 
6.24 
6.24 

Flow Velocity, m/s
2.55
10.20
5.46
21.84 

Re #
1427
1640
28211
32432

Film coef, h, W/m2*C
1280
3250
5388
21222







Pressure drop, psi
4.46
93.08 
15.48 
359.05 

Temp, coolant/wall, C
3.9
1.5
0.9
0.2

Estimated coolant temperature drop : 10 degree C


Glycol-water 
Glycol-water
C6F14
C6F14

Channel depth, mm
2
0.5
2
0.5

Hydraulic dia, mm
3.3
0.95
3.3
0.95

Volume flow, L/min
0.87
0.87 
1.87
1.87 

Flow Velocity, m/s
0.76
3.06 
1.64
6.55 

Re #
428
492
8463
9730

Film coef, h, W/m2*C
921 
2360 
1784
7094







Pressure drop, psi
1.33
27.93
1.92
44.19

Temp, coolant/wall, C
5.43
2.12 
2.80 
0.70 

Estimated coolant temperature drop : 3 degree C, with channel wider x4

Glycol-water 
Glycol-water
C6F14
C6F14

Channel depth, mm
2
0.5
2
0.5

Hydraulic dia, mm
3.8
0.99
3.8
0.99

Volume flow, L/min
2.91
2.91 
6.24 
6.24 

Flow Velocity, m/s
0.64
2.55
1.37
5.46 

Re #
410
426
8108
8423

Film coef, h, W/m2*C
1280
3250
5388
21222







Pressure drop, psi
0.28
6.78 
0.33
7.85 

Temp, coolant/wall, C
4.1
1.6
3.4
0.8

0.01Psi = 0.28” water column.

Pressure drop of coolant is made up of 2 parts:

450mm channel length and 18 elbows that have some uncertainties due to lack of data for rectangular elbow (of standard round elbow is used here)
1 v 2 and 3 v 4 (same coolant, different channel depth)

Same flow due to same heat load because of same heat load area

Re# about the same due to net product of dia and flow speed

1 v 3 and 2 v 4 (same geometry, different coolant)

Flow double because Cp 0.3 with density 1.7 (0.3*1.7 = 0.5)

Higher Re# mainly because of less viscosity
1 C v 0.5 C

Flow, velocity, Re#, and pressure drop double  because of heat removal rate double
