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Liquid Cooling Systems

s arice presents basic equations for K cooing and
provides numericalexamples on how o caculte the loads

lculating the Loads fo

n 2 typical lquid cooling system. When exploing the use  wa

ol cooking for thermal management,calcuiatons are
needed o predict s perormance. Whis s often assumed
thataliquid cooantse disipates heat rom a comporentio
the ambiet, hs s not the case. A closed oop uid cooling
system raquire a lie-o-se heat exchanger. Bocause of
s structure, several equations must be calcuted [0 fully
understand the performance and behaviorof a iud cooled
system.

For this artice we consider a iquid cooing system as
losed ioop system with vee major componerts: coldpat,
heat exchanger and pump. The cok plate i typicaly made
hom auminumorcopper, andis atached 1o the device being
cooled. The plate usually has interal fins which ransfer
heat t the coolant flowing through them. This fld moves
o the cold plate o 8 heat exchanger where s heat i
ransferred to the ambient i via forced convection. The fnal
part ofthe cooling oop is the purmp, which drives th i
hrough the loop.

Equation1below,wasderiedopredictthefinaltemperature
of e device being cooed 1.

Tres =4 R+ Ty o

Figure 1. Closed Loap Ligud Coolng Syste 1.

R, = thermal rsistance of the cold plate and TIM
.= water temperatur ntering the cold late

Inan open lo0p cocling system, the value of Tw, is known
and contrlled by the supply system. Calculting Tw, in @
closed loop system is more involved. This is because the
water temperature is both isig from the power translerred
fom the device and cropping whil anslerring heat to the
ambien nthe heat exchanger.

e temperature rise ofthe water due o the device power
isghenty.
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here:
., = temperature of the water exting the cold piate and
entering e heat exchanger

G, =heat capaciy rae of water

“The heat capacity rae i found by mulipying the mass flow
ate and the speciic heat of water

Once thelauid enters the heat exchanger it yanslrs heat
Into the ai. The amount of heat anfer, a steady stte, s
‘equal 0 the heat produced by the component.

& =6C (T - T) @

here:
7, = temperatue o the arentring the heat exchanger
eftectivness of the heat exchanger
heat capacty rate of water (C, ) or a (C,), whichever
s smaler

Next we solve Equations 2 and 3 or T,,

14
Tu=algo g T @

Finaly, we combine Equations 1 and 410 sove for T,.,

B Page view AN Read aloud

Nex. the performance of the heat exchanger must be
Specfied. A heat exchangers performance i the podictof
s efficency (c) and the otal specific capacy ate flowing
hroughit (... The perormance specifes,in s of WI°C,
the amaunt o heat removed rom the heat exchanger at &
given diference between the water and ai temperatures. A
ypicalheat exchanger used fo elecionics cooing, wih a
120mm fan.provides perormance values of 1110 20 WI'C.
@

As an exampl, consider the design of a iquid.cooled oop
for cooing an Itel Xeon X492 processor.

Haat exchanger perormance = 167 WI'C

Equation 5is used o soive for he devie temperature (T,_)
s a funclon of cold plate resistance. Fiqure 2 shows thal (o
ol an X5492 processor in  25°C environment a cold plte

esistance of ess than 0.18°CIW i e

TR O

Several factors must be koown 1o eflectively use this
equation as a design uide. First, we must determine the
old piate’s thermal resistance. This can be obtained from
2 computationa fid dynamic (CFD) anaiysie of the cold
plte using sofware such as CFDesign or Flatherm. It i
ais0 mportant to nderstand the mandfacturing s bfore
startng the mechanical design. Typially a coid plate’s
Gosign s driven by these lims, which conrl the minimum
i of s ntemal channels and fins. A cold late's thermal
resistance is usually in the range of 005 1o 025CIW,
epaning on sze and matera.

Fiure 2 Davice Tomperss o & Funcion of Cold i Thermal

The above example ilusiates the basi sleps needed
1o propery design a coaing liuid locp. It 3o shows the
imporance of charactrzing al the componeris within
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THERMAL MINUTES

System. The cold plte, eat exchanger, and pump must all
be selected and designed as a group fo ensure acceptable
pertormance.

“The heat exchanger is often the miing factor n & compact
System due 10 s relatvely large size. Packaging and
other mechanical concerns fo the heat exchanger dictate
that it should be considered frst. The cold plate and pump
are typically easier 1o optimize. For exampl, i a heat
exchangers size s imited, a copper miceofincoldpate and
a high volume pump may be needed. I a suffcenty-sized
et exchanger Is avatabl, 3 ower cost coK pate and
pump may be used wit sufcient resuts.

In summary.lquid cooing loops are an important part of he.
elocronics industy,and hei use il continue no the fture.

J

It is important to understand the impact on performance.
of all three major parts of uid cooing I0ops (cold pate,
heat exchanger and pump) o ensure an accepabe levelof
performance at the lowest cost. It s also rtical fo address
the design of the heat exchanger as i can be the imiing
tactorn many systems.
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