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Liquid Cooling Application in Server System
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Marketing survey A ADLINK
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Air cooling system A ADLINK

2U 19” Network server Appliance (W*H*L=440*88*600)

DDRs 2% ES
PSU  piMMsx6 CPU Fans

Power SATA Drive
Button  Baysx3

LEDs
PCle Card
(optional)
M.2 SSD
I
Console Port NIM slots x8
Mgmt
Ports x2 Front View =
b DIMMs x6

Fans

Backplane

NIM slots x8

Redundant
Power Supply

Rear View

2.5" SATA
Drive Bays x3 Top View
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Air cooling VS Liquid cooling A ADLINK

Power segmentation 240W

1

Traditional Air Embedded Heat Enhanced Volume
Cooling Pipe Sinks Air Cooling

Loop Heat Pipe
- CALYOS -

Liquid Assisted Air
Cooling

Processor TDP 145W 215W 240W 350W
Reliability Very good Very good Good Very good Average
Mechanical . . . Custom & Flexible Custom & Flexible
integration Standard & Rigid Standard & Rigid Custom & Rigid (3.286.4 mm tubes) (510 mm tubes)

jaae.d*
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Newton Cooling Law A ADLINK
7T B 5S B RS 2 IR EVE, BB = (9”) BDR B (T) A IELS
q”=hAT , — R hZFRREVEE £ F(heat transfer coefficient)

e TapLe 1.1 Typical values of the
| g . " convection heat transfer coefficient
ol /ﬁ Neapited -_—
lle T, :: . . . 0 . circuit boards ___.ﬂ"r h
—%-"= mE@oAm Process (W/m? - K)
AERERN .
Temperature Free convection
Veluiy dinbution /AN Gases 2-25

distribution e — Liquids 50-1000

e < Water Forced convection
e | wa . Gases 25-250
— e s o * o iN) i
nﬁiﬁﬁs — @) 8 e 133 Liquids 100-20,000
- * | i | Convection with phase change
»u(y) > 1) Hot plate Boiling or condensation 2500-100,000
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Flotherm XT Radiator Coolant

EDA/MDA Selection Selection Selection
System analysis
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FIOTHERM XT

ZORE RS SolidWorks m)@ﬂﬁﬁ A B JRZK FIoTHERM  Smart Parts Library + A&
O] P35 %8 Smart Parts ZE1TBLRERET 24T - 0] L3558 3D CAD 7T EHETE an A0
SRET AT

Menior

A Siemens Business
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Postprocessing A _ADLINK
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e am
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j: ﬁ; Temperature (°C)
41240

Temperature (°C)

Stream line Stream line
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Temperature field A ADLINK
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Solid Temperature (°C) Solid Temperature (°C)
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Mesh Generation A ADLINK

Automatization
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LLEEL TR R R TR DN e
Il NI,

Il

L i |
S g iimE T IEEEIIITITOITOL 11|
- EE NS EEIN SN NN NSRRI NN | = :l I ! H

e Structured
Mesh
e Partial Cell

Building Forward Together 12 ‘



Liquid Cooling System

Concept
1.The cold plate remove heat from the
processor into the liquid.

2.The Radiator moves heat from the

liquid into the air by fan flow.
Cold plate
3.The pump moves the liquid through
@ @ @ ﬁ the cold plates an the radiator.
-Gy

Working flow

1. A Heat exchanger (cold plate) to transfer heat
into Coolant

2. A Pump to drive the Coolant

3. A Tank for storing excess coolant

4. Coolant to transfer the heat

5. A Radiator with fans to move heat from
coolant into ambient

i Building Forward Together 13 ‘




Cold plate structure A ADLINK

Friction Stir Welding EE¥R 18 5 1%
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Intel Spec
Sample No. 2011 Narrow

Press Load(lb 53.2 50~80
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Cold plate performance

Test Results

g_ongwir'_}?

SN: 7831 2018/715

Test Results

A
A _ADLINK

SM: TEI1 2018716

Production Coallag AD Cold Plate Date 2018.7.5
Applicant Chia Cherne Industry Co., Ltd. SN 7831
Test Apparatus | LW-9670B Cold Plate Thermal Performance Tester Tested by John Lee
Test Condition Ambient Temp. 29 °C Checked by Larry Lee
FR dp Ti To Ta Tcase P R
LPM kPa RS C 5 °Cc w "cfw
0.201 0.510 25.0 33.1 29.2 37.8 120 0.107
0.399 0.960 25.0 29.1 29.1 35.1 120 0.084
0.601 1.420 25.0 27.8 29.2 34.0 120 0.075
0.300 1.850 25.0 27.1 29.1 33.4 120 0.070
1.001 2.470 25.0 26.7 29.2 33.1 1z0 0.068
0.199 0.680 45.0 52.8 29.3 58.3 120 0.111
0.400 0.990 45.0 49.0 29.3 55.4 120 0.087
0.599 1.300 45.0 47.7 29.3 54.2 120 0.077
0.801 1.730 45.0 47.0 29.2 53.5 120 0.071
1.000 2.157 45.0 46.6 28.2 53.2 120 0.068

5 0.13

-
4 0.11 .
o

3 009

s 2 007 o
.
x R o
c )
o } } + + 1 0.03
0.0 0.2 0.4 0.6 08 1.0 1.2
Flow Rate (LPM)
5 0.13
4 0.11 ©
1

3 0.0 _ o
T =
= 0.07 g
= 1

1 0.05 ( L)

0 0.03 ‘L{\

0.0 0.2 0.4 0.5 0.8 1.0 12
Flow Rate (LPM)

Production Coollag BD Cold Plate Date 2018.7.5
Applicant Chia Cherne Industry Co., Ltd. SN 78321
Test Apparatus | L\W-9670B Cold Plate Thermal Performance Tester Tested by lohn Lee
Test Condition Ambient Temp. 27 °C Checked by Larry Lee
FR dP Ti To Ta Tcase P R
LPM kPa e = e e w cfw
0.201 0.640 25.0 33.2 27.3 36.1 120 0.093
0.401 1.420 25.0 29.1 27.3 32.2 120 0.060
0.601 2.180 25.0 27.8 27.4 31.1 120 0.051
0.801 3.050 25.0 27.1 27.4 30.7 120 0.048
0.999 3.980 25.0 26.7 27.4 30.4 120 0.045
0.199 0.980 45.0 52.8 27.0 56.7 120 0.098
0.400 1.490 45.0 49.0 27.0 52.8 120 0.065
0.599 2.080 45.0 47.7 27.1 51.4 120 0.053
0.800 2.820 45.0 47.0 271 50.9 120 0.049
1.000 3.597 45.0 45.6 27.2 50.5 120 0.045
5 013
4 0.11 ah
3 009 _
5 2 0.07 =
1 0.05 %
W
o ! 0.03 i
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Flow Rate (LPM)
5 0.13
4 0.11 a
&\ :
3 009 _
s 0.07 =
1 0.05 % &
AN
0 - + : . 1 1 0.03
0.0 0.2 04 0.6 0.8 1.0 1.2
Flow Rate (LPM) 15 ‘




Pump_ Type A _ADLINK

Centrifugal Pump Diaphragm Pump
) F;l: —3- ‘E/{%ﬁ‘ #: ! Inlet valve Outlet valve ¢ Tg: :J- .E/(‘é‘l(: /') *
S+ LEEE ; ,

BRI R 0 0% e

[ ]
s
i
Ry
T
=
[y
-
X

§HF iR BO
1

L]
=
T
An
>
y

Gear Pump Vortex Pump

C t
BRMGRE > Mk R
PR R 3O
R E

Building Forward Together




Pump Information A ADLINK

DP-400 RPM-PQ [ %% il
Centrifugal Pump - h 250 - - 500000
N S
Model DP-400 s - 4500.00
Rated voltage
Starting voltage - 400000
Power 6.5W+10% = 1.
Load current 0.62A+10% ::': - 350000 %
A00Uhr: 10%> L
Q-max 6.67 LPM [
1.76 GPM
H-max. 0.216 bar
3.128 psi 000 ! 2000.00
. 367.50 [ 206,00 63.00 _ 0.00 _ 0.00
Size(mm) 52 x 45 x 50 —_ 0.00 i 050 100 150 200
Life Expectancy - S i S ——— | e | e
— T Flow rate (L/Hr)
— V] e RPM
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A ADLINK

Pump MTTF

1. 1:2XDP-400 9 MTTF & F £ 2150, 000/)3 8% - 20000 DP-400 MTTF & L10 Curve
il o ; 483335
ie T AE (RS, " BE | FRAR | EEBRE 500000 -
= AILAZ . .
. ' Rk #E R B B
400000
DC &R s
PULP DP-400 90105 10 KR
300000 ‘ﬂ
- 200000
|28 R R T & w
*4% 1k T4E 100000 60417
X3R5 EBH \30208
f J( o 0 17262 — e ——] 5
XEFEMHR% 30 40 50 60 70
-3 Pﬁs,‘“ﬂ;?g% e M TTF 483335 241668 120834 60417 30208
— 10 69048 34524 17262 8631 4315
e s o ik MKk | . T
3 A T sy | FEANN e bl Lo
Ts(C) Tul'C) AF N T(Hours) T{Hours} {Hours )
70 30 32 10 2.3 4104 483335 (9048
70 40 16 10 2.3 4104 241668 34524
70 50 8 10 2.3 4104 120834 17262
70 60 4 10 2.3 4104 60417 8631
70 2 10 2.3 4104 30208 4315
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Pump operation - Ultrasonic
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Radiator A ADLINK
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Wind Tunnel Test_Casel A ADLINK

Radiator impedance result

Skived type T &7 » R 28 N Folded

Building Forward Together




Radiator dimension

Comparison cooling area

Length |Width| Depth | & Finfe | FinE E{EFin WRnEHEE | |BEFEE MEFEHERE || BBENEE B @B
(mm) | (mm) | (mm) | (mm?) | |FinZ| (mm) | (mm) [EEE(mm?) (mm?) (mm) [B¥ (mm?) & (mm2) F2FE(mm3)
. . 146 60.8 22 8877 222 9 0.6 5.4 1199 5.7 3329 4349 95682
Radiator:Skived
;E;@ 173.4 | 715 1716 15 |10
. k,,—/ 15 16687 5 0.1 0.5 1155 3473 12059 180885
Radiator: |58 __{& 72.7 59 594 1.5 8
folded [FEFZ ' '

s

RRELELITI LTI EA R

Length
- Length
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Radiator_Temp A ADLINK

Skived type
* Infrared camera

CPUO 119.6 27.5
032 CPU 1 100 64 32 119.7 25 27.6

_ Building Forward Together 25 ‘



Radiator A ADLINK
Folded type

Infrared camera

: | |

CPUO 119.6 37.25
AT = 13°C

032 CPU1 100 67 29 119.7 25 24.28

_ Building Forward Together 26 ‘



Wind Tunnel Test_Case2 A ADLINK

Radiator impedance result
Skived '

Building Forward Together 27 ‘




Radiator dimension A_ADLINK

Comparlson COOhng darea —
Length [Width| Depth | & HE& Finfe | FinZ |EEFinEEE|AFin8EEHE| | BEFE MEFHEE| |[ABENEEERBENRER
(mm) | (mm)| (mm) | (mm?) FinZl| (mm) | (mm) (mm?) (mm2) E(mm) |B¥ (mm2) (mm?2) (mm3)
Liquid Cooling
Module :Skived 146 | 60.8 22 8877 222 9 0.6 5.4 1199 5.7 4 3329 4349 95682
Liquid Cooling
Module :Folded 160 |71.6| 27.1 | 11456 | (1595 5 0.1 0.5 798 1.5 10 2400 8259 223805

e
DRLEELLLLLEEEEE

[T TERNANRRRERREY))

Building Forward Together 28 ‘




Radiator Temp A ADLINK

Item Pump Pump o PN o~ |Resistance(°C
(CPU/FAN/PUMP) Power(W) [Current(A)| Voltage(V) Fan(%) Current(A) | Voltage(V) Tcase(°C) | Tambient(°C) | DeltaT(°C) W)
120W/100%/12V 119.568 2.12 28.2 100 0.4 12 54.1 231 31 0.259

120W/80%/12V 119.992 2.12 28.3 80 0.4 12 55.4 233 321 0.268

— 425

I 40.0

- 35.0

23.6

Item Pump Pump g S g Resistance(
(CPU/EAN/PUMP) Power(W) | Current(A) | Voltage(V) Fan(%) Current(A) | Voltage(V) Tcase(°C) [Tambient(°C)| DeltaT(°C) °C/W)
120W/100%/12V 119.706 213 28.1 100 0.16 12 50.9 23.7 27.2 0.227

120W/80%/12V 119.706 213 28.1 80 0.16 12 51.6 23.7 27.9 0.233
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Coolant A ADLINK
032 Properties eV | Fc-3283

TEST RESULT(S) : Appearance Clear, colorless

TESTITEM(S) UNIT METHOD RESULT Average Molecular Weight 521

Heat Transfer Coefficient W/mK IS0 22007-2 0.6386 Boiling Point (1 atm) 128°C

Viscosity,25° mm2/s  ASTM 0445 237 Pour Point 50°C

Specif ic Gravlty,25'° ASTM 04052 1.051 Vapor Pressure 1.44 x 10° pascals

Donsﬂy,ﬂ'c g/ mL ASTM 04052 1.0442 Latent Heat of Vaporization (at normal boiling point) | 78 J/g

pH Value pH METER 7~15 Liquid Density 1820 kg/m’

Total dissolved solids ppm <100 Kinematic Viscosity 0.75 centistokes

Electrical conductivity uS/em <200 Absolute Viscosity 1.4 centipoise

Pour Point C ASTM 05950 <20 Liquid Specific Heat 1100 Tkg! °C-!

Boiling Point C ASTM 01120 102 Liquid Thermal Conductivity 0.066 W m! °C-!

Vapor Pressure kPa With reference to 177 Coefhcient of Expansion 0.0014 °C-!

(absolute pressure)at 20°° ASTM 05191 Water Solubility 7 ppmw

Vapor Pressure kPa With reference to 16.5 Solubility in Water <5 ppmw

(absolute pressure)at 60°© ASTM 05191 Ozone Depletion Potential 0

Building Forward Together
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Test Summary

(L11]]%

biit

2U 19” (W*H*L=440*88*655)

cooling air flow passage

—— e P

Direct air cooling T T = 7 I —— T e
— —_— | | ] — —
cooling air in CPU cooling air out

cold plate liquid line  heat sink *

Liquid cooling

li

wrrrrr.

cooling air out
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Inlet Ta
Outlet Ta

Up CPU

Down CPU

KHEEE
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00000

400000
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i

A D INIKC

DP-400 MTTF & L10 Curve

Ltk b

5

30 40 50 [ Fit]
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Liquid cooling system A ADLINK

2U 19” Network server Appliance (W*H*L=440*88*655)
DDRs 2x ES

PSU  piMMsx6 CPU Fans
Power  SATA Drive Radiator
Button  Baysx3
LEDs PCle Card
(optional)
M.2 55D
| DDRs
Console Port NIM slots x8 g
Mgmt
Ports xz Frbl'lt viw
L Backplane
Fans
NIM slots x8

Redundant
Power Supply

Rear View .-
Drive Bays x3 Top View

04 Building Forward Together




A_ADLINK

Benefit summary

Fan noise & Power saving
Noise »-2.8%(72>70dBA) ; Power »-33%(24W)

Chassis size & Cable management

Chassis » +9.5%(55mm)

Thermal management & Safety
Robust & Safety (Leaking & Non-conductive)

Building Forward Together
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3 YouTube EFD corporation Q
auras  [AEEE (¢ EEMIEAERAS
k. CHIA CHERNE INDUSTRY CO., LTD.

Thank You for Your Attention
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A
3 YouTube EFD corporation Q A ADLINK

P PN Ty TV 13:27 | N = ) e = 220 17:23 [

FIGTHERM XT Parametric Study

[& & #F4+ EFD Corp.] : [ZE#FS EFD Corpl] |55 &F4E EFD Corp.] [& = iEf4: EFD Corp.] [Z = #F4H: EFD Corp.] [ &7+ EFD Corp.]

FloTHERM XT & /. PDML ... ) 3600A T {EE EIE 4 Pow... FloTHERM PCB Modeling FloTHERM Transient Fan... FloTHERM XT 20180821... FloTHERM XT Parametric...
i ' 0 172+ 1 @A WES 541 B

36-1 EHA WE-E 62 -1 EHA ¥RER 47 -1 [EHE]

CORPORATION

¥ EBEHE

FloTHERM XT for Network EqUE¥a¥4- FIoTHERM XT o Create Lids & flEHUY

FloTHERM License BEbif#= 3:27

[ % Z#%1% EFD Corp.] [ & #FH% EFD Corp.] £y BT L% EFD Corp ] (5 &Z#hF1% EFD Corp.] [ % & #F1i% EFD Corp.] 7 BT EFD Corp.]

FloTHERM XT Training for... FloTHERM XT Create Lids... FloTHERM XT closed loop... FloTHERM XT Liquid Cooling FloTHERM XT Frameless Fa... FloTHERM software license...
153 - 3{EHA HENE - 78-3@Hm BEIE - 245 -3 [EHA EENE 2324 EHE BIEZEL - 162 - S EHAY HEIE

1156 - 5 @ AR

LIQUID COOLING TRANSIENT ANALYSIS

1:02:53
[Z =hfli% EFD Corp.] [Z =% EFD Corp)] [Z = F1% EFD Corp ] [ 5= ulifls% EFD Corp.] [Z = ulifls% EFD Corp.] [Z =% EFD Corp.]
FloTHERM liquid cooling... FloTHERM transient... FloTHERM XT Training for... FloTHERM XT Training for... FloTHERM Training for CPU... FloTHERM 2R f1HIEEE
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System Impedance VS System Fan

0.0 o0 200 300 400 500 600 VOO BOO  S0O0 1000 1100 1200 1300 1400
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