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Abstract

Enhanced spray film cooling modules are invented to improve the overall heat
transfer rate of the coolers ~ thermal modules or heat sinks for the heat dissipation
devices used in personal computers ~ notebook personal computers. The invention makes
uses of the facts that the heat transfer coefficient of the spray film cooling system is
higher than that of the forced convection between air and metal. And the forced air is
used to enhance the heat transfer rate and take the water vapor with thermal energy out
of the system to avoid the heat accumulation as well. The invented modules include a
heat sink(s), spray nozzle(s), cooling fan(s), a cooling chamber and a coolant circulation
system. The coolant (normally water) is pumped through the spray nozzle(s) and
sprayed onto the heat sinks, from which thermal energy are transferred. Some coolant is
recycled into the cooling water circulation system; the other, as vapor with thermal

energy from the heat sink is taken along with air to the zisvironment.
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11, #¥ % (heat pipe)

12, ## B (fins)

13. #E#3f (copper/ aluminum block )

14. 4 %psk"g 38 (spray nozzles)

15. J&AA& (cooling fan)

16. 4 %p% (cooling chamber )

17. »%pKk4E%3 A % (cooling water circulation system )
17-1 %4psk % (water pump )
17-2 A%spk K% (cooling water inlet )
17-3 #A%pK k% (recycle water outlet )
17-4 »-%psk 4% (water tank )
17-5 Hek o (drain)
17-6 A%psk#% 70 (water refill )

18. #E#.4# (thermal interface material )

19. #& (heat source)
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ABHGF A EEKE RS % (spray film heat transfer
coefficient) i &7 2% £ # A 2 #4914 % (heat transfer coefficient) #/7
o UK E B % EATRPC) £ T (NB) X ¥ it E #(CPU)
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EoHh o BEERNFGBELFA - X INTEL FABRES
(CPU)-24GHz &) e R EmELRE 70T w REBMHATR -
BEENEHBERBESERABELR  BEHEREHUE - B
b do TR B R A AE T RAKERS > RB AT TR
BREEEZN K-

BATEAS A SABE R EZFTH AKX

#3#] A heat pipe(Jw £ B %4 UP5,880,524 - UP6,209,626 )» Vapor
Chamber(UP6,550,531 ~ UP6,490,160) ~ Loop Heat Pipe(UP6,478,258 -
UP6,382,309) » R4 A o1 hm e BB ¥ R WhBHRLE
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#3#] A heat pipe(Jw £ B %4 UP5,880,524 - UP6,209,626 )» Vapor
Chamber(UP6,550,531 ~ UP6,490,160) ~ Loop Heat Pipe(UP6,478,258 -
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"8 % 447 % % (spray cooling system ) 3% A 7 ¥ 48 /U4 69447
(UP6,349,554 B2 ; UP6,377,453 Bl ; UP6,498,725) - "EF A 44 H T
ARG ERLAGELORAEBRNEZ —ARNARBRENR
ERRGHARERASL TRAKTBETHRAGAAEARIL 4
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B s e E Y R (11) AEREGEL SR 2
SuasAs (13) BERSE  sEmApnsanapamr 7 @
A TFTXER:

11 Ay, ]

== 4

UA hydy k4, hd,

H ¥ R=#}z 4.8 (overall thermal resistance )
U=483% #1844 8 (overall heat transfer coefficient )
A=483z 318 @m#% (overall heat transfer area )
Ay ~Ap=# ~ A2 BE B H o
h=%3% B84 %
hg=¥ 3% B AR A%
Axm=% B 893K
kn=4 /8 64 #1% B 1% 3 (thermal conductivity )
An=% B B E mHk
Rp=1/(hpAp); %3m#M
Ru=AX | (kom Am); &8 B2 -
Ra=1/(ha As). B3R M -
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1> 4B #8 Ry R A ARZE @ BPE M kB 56948 (4 360W/m-C ) KK
K48 (4 230W/m-C ) Frecie i ez A m R ER B AR <2>
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BEEEET  BANERS (4 540calg) b BARMGERE TR A
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/% LE B AT WA XA R A AR S ﬂi#%#%tﬁiwﬁ:@’ﬁ B 69 2
#AEH 0 2 Intel P4-1.8G 8 F 2R 2 5 (CPU) A4 - £ 2 REH T
EBEHEHE 66.IW EREHG T FmBER S ERTH W
#1150W - B THAZRBBRAMEAGARTUEEZHAR E o PMimARR

##HE 0 > %A Thermagon 2 3 A7 £ & &9 S AN H(TIM) » 2 3L A
T-Grease 401 - #4885 z B3 5 F B b A F A X FF BB B
Bmk AR BREFYEEARBEEEIR E RAFRAREN
ﬁl‘ﬂ{é o AE #45) IL CoolerMaster 2 3] Ff 4 & » A8 A HHC-001 24

TEHBABEAHEG -

RRER LR -7 REAAFAZ SR ES YA (FHE
) 1 2 HHC-001) » posh i Bxh & & 68W » 4238 30 4483 # T4
#% o o AdEE R E E 4 49.6°C > #4844 (Thermal Resistance)#) 2 0.37°C
/W o A A2 EHABAIER L ARKEE B A EH
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&— 4 68W S 150W FAREF 2 H AR AR R FABBBHRLE -

% 68W 150W

o X gl | HEE1 | Bl | HBH1
fro B A 5% BB B (C) 38 49.6 66.5 86.5
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Ao B F% A 150W USRS EGUBKE LARE
HHEKBEWHBT > BEEARAR SRS AR B BRSO BEES
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(1673RPM)ey R B B & B B AR #  ETUEH AL AL RS H
REFHBMHRE R T TUMRRETS ETRBRIEEE -

R RARBERAT AEKBEBAS AL HUAB BB RLR -

Bk (RPM) 0 | 1673 | 3485 | 4950 | 6210 | 7280
T 1- BB BBECC)! 71.6 | 541 | 479 | 454 | 440 | 435
Kt 1-2(C/W) 0.67 | 041 | 032 | 029 | 027 | 026
HBRH 1w EE ZmECC)| 107 | 723 | 61.6 | 56.7 | 55.0 | 544
H R 1-#m(C/W) 1.08 | 0.68 | 0.53 | 045 | 0.43 | 0.42

B mk oA ERBERABE  HMEMESE 0.67C/W > ok
BBREEBAES T17C RARAEEL  FITHEEABEHALERAR
BERE 026°C/W: BB B BER A 435C - A AFRER
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RBAERD R T RAMEAFEFAI LSRG EHRE L AR
BELISOW hzh BT > £330 42| E A PHL > WAERIERR
#) 94.57C » # A48 (Thermal Resistance)#) % 0.47°C/W - £ A A% B X8
FARBNHBR LW RKEE BB AR AR T AR A AR
REREBFZE 70.6C > AMEHEBFIKE 0.29C/W -
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# faL48 ('C/W) | 0.29 0.47
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1~ Bshisiia
011. #& (heat source)
012. #E #. /4 (thermal interface material )
013. ## B (fins)
014. /A% (cooling fan)

2 oREEZHHAEE
021. #.& (heat source)
022. E# /4 (thermal interface material )
023. E#34 (copper/ aluminum block )
024. # & % (heat pipe)
025.#c# B/ (fins)
026. A & (cooling fan)

B3 ARABRBHAZARETHASRE

11. #.# 4% (heat pipe)

12. ## B (fins)

13. #4438 (copper/ aluminum block )

14. #»A#psk g8 (spray nozzles)

15. &g (cooling fan)

16. »4%p% (cooling chamber)

17. A%pkiE3E A& % (cooling water circulation system )
17-1 2%p7k % (water pump)
17-2 A%pk iK% (cooling water inlet )
17-3 A%pk &% (recycle water outlet )
17-4 4%pk 4% (water tank)
17-5 3tk o (drain)
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17-6 A%pK3% 7 0 (water refill)

18. E # 44 (thermal interface material )
19. #& (heat source)

Bl 4~ HMRASBERUAZIRAR R LB HAEE

21.
22,
23.
24,
25.
26.

27.

%4 & A (thermoelectric cooling element ) =, H 4t 34 &
##h (fins)

Aap Kk g 58 (spray nozzles )

J&.5 (cooling fan)

%%p % (cooling chamber)

AapKIE R % 4 (cooling water circulation system )
26-1 A %pK % (water pump )
26-2 % Bpk k% (cooling water inlet )
26-3 %spK k% (recycle water outlet )
26-4 A%pk4E (water tank )
26-5 kK v (drain)
26-6 AspskiE oo (water refill )

# # /4 (thermal interface material )
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20. oW HIAEEE 19BZIAGAKRLRUEAHG KRR BAKE
kB P HEASEE 16 BRI AFKER UL LAY X KER
TREBECKAR - QHARIEELXKEK -

21. 4w HBAEEE 19 B A AM ARG A HBLEPTF LK
RBHEE KB EN - A —HMOARBHALK > —HOoEETHAD
P EANE S ISHEMRIANETER FHF AR FTRER TR

2. k¥ EEABE P 12 BIAKEK RAANRES o CEARAL
B~ RS EHIEEE ~ BRI KER -
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011. #/& (heat source)

012. #E #4#+ (thermal interface material )
013. ## A (fins)

014. )&% (cooling fan)

021. #.% (heat source)
022. &3k /# (thermal interface material )
023. ##3% (copper/ aluminum block )
024. #.3# % (heat pipe)

025. ## R (fins)
026. &5 (cooling fan)
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11. ##E % (heat pipe)

12. ## B (fins)

13. ##3% (copper/ aluminum block )
14. »#psk 558 (spray nozzles)

15. A& (cooling fan)

16. A% % (cooling chamber )

17. #%pk4E %% 4 4 (piping)

17-1 A%pK % (water pump )
17-2 A spkiek% (cooling water inlet)
17-3 A %pK H K% (recycle water outlet )
17-4 A%p7k 3 (water tank )

17-5 ¥k o (drain)

17-6 A%pk 4 % g (water refill )

18. E 4 /4 (thermal interface material )
19. #t3& (heat source)

21. %A & B (thermoelectric cooling element) = H fb 2R
22. ## K (fins)
23. A%pkegsE (spray nozzles)
24. A (cooling fan)
25. A%p% (cooling chamber)
26. A#pkiEYE 4 4 (piping)
26-1 Aspk % (water pump )
26-2 A%pk ik % (cooling water inlet )
26-3 A%pk k% (recycle water outlet )
26-4 A%pk e (water tank )
26-5 3tk o (drain)
26-6 A spk iz o (water refill )
27. @ # 4 (thermal interface material )
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