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ABSTRACT

The pressure loss in a cooling channel was investigated by conducting a numerical analysis, which
was performed with a different channel angle in the axial direction , velocity of flow, and diameter of
channels. The pressure loss did not change much with respect to the different channel angle.
However, the pressure loss tended to decrease if the diameter of the channel increased and the
velocity of the flow decreased. The results were quantified by a nondimensional method and
compared to an existing experimental equation to validate them. The data obtained by this study
would be helpful in the design process of a cooling channel considering the pressure loss.
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4 U+ F(smooth wall) Pt 2] n} Staight
AAFE GFAFEANA Holszsol we Eq. |l oz | as | cm | as
42 mdHCH Channel
widthne) 2 2 2 1 3
Channel
Ay = 0.3164/ Re"® (4 10° < Re < 10°) heightgom) | > il ? ?
Channel
A =13 ;? L (Re >4 10°) ) arca(mm’) | 3 4 5 2 6
i 8% e —1.
logfte Chamnel_ aspect| o75 | 100 | 125 | 200 | 067
Hydraulic 1 210 1 5000 | 2220 | 1333 | 2400
#d AANE A ok AT B8 dfameter(omm)
~ Channel 1
(uniform roughness wall) V&A= Eq. 5% length(mm)
¥HAY. Eq 55 ZuEd [8]9 112% table Spiral 15°
@ee FA3E Rom oA oAE xde cb | oF b 9P G
Channel ) ) ) 1 3
= z\_l‘o]r,} width(mm)
Channel
heighttomy | 13 2 25 2 2
_ . Channel
)\CL_T :0.11(A+%)“-Q5’ A= A/D/L (5) area(mmz) 3 4 5 2 6
Gla’mf;tioaspm 075 | 100 | 125 | 200 | 067
diaﬁllyled::r‘gﬁ;n) 1714 | 2000 | 2222 | 1333 | 2400
- Channel
3. TA5lAd ghH length(nfm) 165.64
Spiral 30°
31 O A @4 A CHI1 | CHI2 | CHI3 | CHI4 | CHI5
B AFINE F 15579 Aclxg nuy ey 2 2 2 | 1|3
sl XS AT daANdY dAae Channel
heightomy | 15 2 25 2 2
Az el Hol H Al WAAEY FHES 1 Channel
Halol Azt @are] wHow MAsAT. acaey | 2| ] 3 |2 ] °
ZApdel wel el we grged wsE o (TR 05 | 100 | 125 | 200 | 067
oli7] $8ke] CH2E 7|#22 CHI1%} CH3L dii{ed::rt(ﬂéﬁn) 1714 | 2000 | 2222 | 1333 | 2400
Ade] UnE s Ade EHolE 05 mm
Channel 184.75
2, CH4} CH5& A9 &0l 1Asta g lengfhyrnm)
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CHI~CH5E A9z Zo] 172 mmold, v 32314 =4
W= 1079 AEe Ywe e Je AAE 15719 AHdE 331Y RdHdte A&
CH1-CH5%} EYsA dAs, CHo~CH10e — —=-L1H< ANSYS FLUENT v145% 3 54
z39 ZE  5EE 2= UHE g, d4s FdsAT A= =& AHSska
CHII~CHISE %39 2% 3058 zHs vy L 32 A% 24028 K& st p = 997
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Table 2. Numerical pressure losses for various

Clhannhel channel configurations and velocity of flow.
engtt

Straight

CHI‘CH2‘CH3‘CH4‘CH5

Channel Velocity Pressure loss [bar]
height

10 m/s 1.382 1.139 0.998 1.897 0.907

Channel 20mis | 4658 | 3851 | 3382 | 6361 | 3.077

30 m/s 9.543 7.902 6.949 1299 | 6.327

Fig. 1 Shape of the channel.

Spiral 15°
¥ FANER HYAt. £ wwe A cis | aw | o | aw | co
7= AAZE ul$ 27 g Ze vy 8w Velocity Pressure loss [bar]

=zA A1 E o)| A = 72rs 3| .
Ax g ASH # °lgskatt 10 my/s 1.331 1.097 0.961 1.827 0.873

20 ms | 4.486 3.708 3257 6.126 2.963

4. SN A} 30 my/s 9.190 7.610 6.692 12.516 | 6.093
Spiral 30°
41 Aoz o 7slek wlolE] CH11 ‘ CHI2 ‘ CHI3 ‘ CH14 ‘ CHI5
Z’:i] 3H&|] 7&-—‘7’]”‘5 t’]"%‘ Table 29]' 7151_":]' 157H2] VCIOCity Pressure loss [bar]

thorsk Ao tisl, T % 2AdA 4E
&S A3} gtk Yutxo s AYIZgAd
o Aol f&2 RD-1079 4% W 20~25 m/s

10 my/s 1.484 1.223 1.072 2.038 0.974

20 m/s 5.003 4.136 3.633 6.833 3.305

o] e A= Aow AdEAH Qrt B A 30 ms | 10.250 8.488 7.464 13960 | 6.796
AZ o] & HIEOZ 20 m/sE 7]FCSE 10,
20, 30 m/s®| ft= 2Asko] H&3HAH © 8yde AAYE nEsA Fa A3 Az
o]7] W HA AF dolEA B & 4HA
42 #<5 gl whE g st 37 SAHAT T Bl mEka B ATl A]
drxor B FFAAM frEel FUeH of siage] BEdhe FAd + Uk Fig 2
FHEL =3 FUhekE Zlo 2 dEA Utk (b= AXY Add CHI~CH59AM 45& 10,
Fig. 2 ()= ¥ A9 did Ada 2 & 20, 30 m/s 2 WAt A dlolgolth 7|&
S Ze Ao dig APAFI]e] AF Ao} o ¢HA HE f&o] ALFE tHEN =
@A (Eq. 3)° Akt A3, windygE HEe vt AAE As AT F Aok frHel 71
Ak FAA A, F9F AHLVE TR FEEAe STk AEY & I dARlel
AefA Aakel wiw Toltt o] W Aol A fréo] AlFel ZAHA vldste] Frkeths A%
23 W A7 ARATAAM SHE @ °] Fig. 2 (a)ollAe} LA BRItk #%5] &
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=R F50 Aol ZAFsHAl vl st F7hek= ot 2o Aol Yehte Ao dddd. 1
S Btk winde HHS M AeE ga Ao s v §4<20 10 m/s 2314
Ao A Al e vloles A 2 4 = AA7e] FFol ofF ZHoix wmjie Hd
& Ayt dojde & & ok B A4 27437 9% AZRY) =749 A zolr} of
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S
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ot ot e @5 15 2 35 3 35
7F AAA FHEA L fgASkeE AS g9 F channel width [mm]
@
10 12
CH2-Numerical-smooth wall 4 é:%i:z‘ém:l
[ < CH2-Numerical-uniform roughness 8’ 10 b N § e e ness
gL > CHz-Analytic , o D e ruine
a CH2-Experimental Ve >
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< 4r ’@ ar : &
- o
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2+ . e 2 F
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O 75353535 o1 E h ‘ Ihé. m‘ 25 @
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(@ (o)
) CH1-Smooth wall
14r o o 5 15} T Clisomeoth vl
(o3 CH2 o CH4-Smooth wall
12 A CH3 8 a CHS-Smooth wall
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Fig. 2 Pressure loss according to a flow velocity
change in straight channel.

hydraulic diameter [mm]

(©

Fig. 3 Pressure loss according to the changes in

channel cross—sectional shape.
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Fig. 4 Pressure loss according to spiral angle.

Table 4. The ratio of the hydraulic diameter and
length of channel for each case.

d}l,/ l
Straight Spiral 15° Spiral 30°
CH1 0.0099 CH6 0.0103 CHI11 0.0093
CH2 0.0116 CH7 0.0121 CH12 0.0108
CH3 0.0129 CHS 0.0134 CH13 0.0120
CH4 0.0077 CH9 0.0080 CH14 0.0072
CH5 0.0140 CH10 0.0145 CH15 0.0130
Table 5. The ratio of the pressure loss and the
dynamic pressure for each case.
Ap
1
Ll
Velocity Straight
[mys] CH1 CH2 CH3 CH4 CH5
10 2.808 2314 2.029 3.857 1.843
20 2.367 1.957 1.719 3232 1.564
30 2.155 1.785 1.569 2935 1.429
Velocity Spiral 15
[mys] CH6 CH7 CHS8 CH9 CHI0
10 2.705 2.229 1.954 3.714 1.775
20 2279 1.884 1.655 3.113 1.506
30 2.076 1.719 1.511 2.827 1.376
Velocity Spiral 30
[mys] CHI11 CHI2 | CHI3 | CHI4 | CHI5
10 3.017 2.486 2.179 4.143 1.979
20 2.542 2.102 1.846 3472 1.680
30 2315 1917 1.686 3.153 1.535

Table 6. Friction coefficient for each case.

A
Velocity Straight
[nys] CHI CH2 CH3 CH4 CH5
10 0.0280 | 00269 | 0.0262 | 0.0299 | 0.0257
20 0.0236 | 00228 | 0.0222 | 00251 | 0.0218
30 0.0215 | 00208 | 0.0203 | 0.0228 | 0.0199
Velocity Spiral 15°
[mys] CH6 CH7 CHS CH9 CH10
10 0.0280 | 00269 | 0.0262 | 0.0299 | 0.0257
20 0.0236 | 00228 | 0.0222 | 00251 | 0.0218
30 0.0215 | 00208 | 0.0203 | 00228 | 0.0199
Velocity Spiral 30°
[rys] CHI11 CHI2 CHI3 CH14 CHIS5
10 0.0280 | 00269 | 0.0262 | 0.0299 | 0.0257
20 0.0236 | 00228 | 0.0222 | 00251 | 0.0218
30 0.0215 | 00208 | 0.0203 | 00228 | 0.0199
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Fig. 5 d,/l - 171) diagram.

2
Y
4.5
o g d=1.33 mm
aF 8 A d=1.71 mm
35F o d=2.00 mm
i 8 4 d=2.22 mm
W 3f a § v d=240 mm
a 8 R
§ 25F a n
= 2f 35 &
o
< 15F §§ § g
1 =
0.5F
00 20(|100 40600 BO(I)OO SD(I)OO 100000
Re
. Ap .
Fig. 6 Re - T diagram.
2
2
Table 3. Reynolds number for each case.
Re
Velocity Straight
[mys] CH1 CH2 CH3 CH4 CH5
10 1.91E+04 2.23E+04 2.48E+04 1.48E+04 2.68E+04
20 3.82E+H4 447TE+04 4.96E+04 297E+04 5.36E+04
30 5.73E+04 6.70E+04 744E+04 4.45E+04 8.04E+04
Velocity Spiral 15
[mys] CH6 CH7 CHS8 CHY CH10
10 191E+04 223E+4 2.48E+04 1.48E+04 2.68E+04
20 3.82E+H4 4.47TE+04 4.96E+04 2.97E+04 5.36E+04
30 5.73E+04 6.70E+04 744E+04 4.45E+04 8.04E+04
Velocity Spiral 30
[mys] CH11 CHI2 CHI3 CH14 CHI5
10 1.91E+04 2.23E+4 2.48E+04 1.48E+04 2.68E+04
20 3.82E+04 4.4TE+04 4.96E+04 2.97E+04 5.36E+04
30 5.73E+04 6.70E+04 744E+04 4.45E+04 8.04E+04
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