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Abstract

In this study, the heat diffusion equation that captures the
maximum variation of temperature with time in an electronic note book (hp
Compag nX6310 laptop computer) from its hot underside to its cool top is
derived. Using appropriate boundary conditions (BCs) and transformations,
the second order differential heat equation was solved and the solution which
gives the temperature distribution of the system obtained. The model was
tested with time ranging from 0.0s to 2100.0s at a prevailing room
temperature of 28.0°C. The maximum temperature distribution within this
time was 12.8<C at the bottom and 8.8<C at the top (keyboard) above the
prevailing room temperature. These results were in excellent agreement with
the measured (experimental) results when comparison was made between the
two results.

1.0 Introduction

Many of the processors in personal computers arsowa thin rectangular blocks which are
mounted on circuit boards, in which a poor desigula trap heat generated by the power supply b§ldw
The efficiency in the functioning of these systeémsnhanced when they are subjected to externdihgoo
devices like air conditioners, electric fans and o which are all powered by electricity. Laptop
computers (electronic notebooks) are designed fihilt storage devices that store electrical epdoy
them to function for sometime even without extesw@lrce of power supply.

In Nigeria, there is high frequency of interruptedwer supply which incapacitates cooling of
computer systems by external devices like air domirs and fans. This implies that in the evenper
outage where there is no external power supplyatilifate the cooling of the system by the external
cooling devices, the system continues to work &edhieat distribution goes on. The resulting efiethat
the efficiency and durability of the system will b&fected if it is allowed to work in such a conmoiit
longer than necessary. In order to know how mhehtémperature increases with time when the compute
is switched on, it is highly desirable in this pape predict, through a heat model, the overallthea
distribution with time in an electronic note bodlkpgtop). This heat model is expected to captuee th
variation in temperature of the system from its hotlerside to its cool top. Thus, the problem @ivh
much heat is generated at any time when the systeswitched on is hoped to be addressed by the heat
model. The pain for this work is as follow. Irc8en2, we derive the mathematical formulationted heat
model. In section 3, we solve the second orddemiftial equation of our model and we present our
results in section 4, then we conclude.

2.0 Mathematical formulation of the heat model.
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This model assumes that the electronic note baokssit an initial temperature zero, which is

actually the prevailing room temperature, and ttsatop remains at the temperature while its botatm
temperaturd,. Since the height of the system is relatively lfg@mpare with its width, we simplify the
problem by neglecting the variation of temperatiwéhese directions. That is, we assume that da h
flows only in the vertical direction from the lowsurfacey = 0 at temperatur& to the upper surface= h
at temperature zero (prevailing room temperature).

An appropriate control volume is a box of widtk, heightAy and deptt\z. If the control volume
is Az deep, then the area of its top and bottofwisx. Conservation of energy requires thatg13]

Changing in heat over At = Q(t + At) — Q(t)

Heat energy inat y = —K (AZAX )aTéy t)

Heat energy out at 'y + Ay = —K (AzAX) Mﬂt

whereK is the thermal conductivity of the system. Equatthe terms as required by conservation of
energy gives

At = Q(t + At) - Q(t)

K (M) T (y+Ay,t)

oT (y,t
T At 4 K (azax) ST FAY.D 2.1)
oy oy

The value of the quantity of he@tis expressed in terms of the dengitgnd specific heat capacityand

volumev of the system as
Q = pvcT = pAXAyAzcT (2.2)
AXAYAzco(T (t + At) —T(t))

= —Kk (azax)| Ty OTOY*+AY.T) 2.3)
ay ay
Divide through by the areAzAX to get
AYCO(T (t +At) - T(t)) = —KFTéy’t) At - aT(yaJ’ 4y.1) At} 2.4)
y y

Separation of variables infy andAt leads to

Ayco(T (¢ + M) -T(1) = K aiy{T(y + 0y, 1) ~T(y,O]AL

Therefore,
0
o+t -T() K a—y[T(y+Ay,t) T(y.1)]
At - Ay
Taking limits as\y andAt tends to zero, we have
o2 T(y,0) = Ki(iT(y,o] A TRy
ot ay\ oy ay?

If the quotientK/C5= K , then the heat equation becomes
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91y =2 T(y1) @5)
ay ay> '

Equation (2.5) is the required heat diffusion eguafor our system and is a second order diffeagnti
equation.

3.0 Solution to the head diffusion equation

To solve the heat diffusion equation derived intisec2.0 for our problem, we initialize the
prevailing room temperature as@ In doing so we assume that the system of hdightinitially at a
temperature of @. One end of the system (top) is held ¥ @vhile the other (bottom) is supplied with
heat at constant rate per unit areéofThe boundary conditions (BCs) can be written as [4]

T(y,0)=0, T(O,1),
oT(ht) _H (3.1)
oy K’

the last of which is inhomogeneous, and can caiffieutties. We therefore transform the BCs into
equivalent homogeneous ones [4]

__Hy
V(y,O) - K '

von =0, Y=o
oy

which are homogeneousyn We now assume the solution to our problem te thk form

T(y,t) =v(y,t) + a(y), 3.2)
with
_Hy
w(y) = K-

From the method of separation of variables, theaisgpd solution for the one dimensional diffusion
equation is

v(y,t) = (A cos Ay + B sin Ay) exp(A®Kt),
corresponding to separation constaif— To satisfy
v(0,t) =0,

we require A= 0. Further more, since
? = B exp(-A*Kt) A cosAy,
y

in order to satisfy
ov(h,t)/dy =0,

we requiredcosAh =0, and so\ is restricted to take the values

nri
=—, (3.3)
2h
wheren is an odd integer. Thus, to satisfy the boundandition
v(y,0) =-Hy/K,

we must have
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z Bn S|n(ﬂj = ﬂ
n odd 2h K

in the rangey = 0 toy = h. This leads to Fourier sine series coefficiertstaining only odd-numbered
terms. These corresponding Fourier series coeffisiare found to be

_ 8Hh (—1)(n_1)/2
" Km?  n?

for n odd and thus the final formula fdr(y,t) is

B

K K& n 2h 4h*cp
giving the temperature for all positiof< y< h and for all positiond = 0.

_a\(n-1)/2 2
T(y,t):ﬂ— 8Hh z (=1 5 sin(nny]eXp—(Kn_ﬂztj, (3.4)

4.0 Result and discussion

The derived heat model as well as its solutionigsngby equations (2.5) and (3.4) respectively is
applicable to any lab top computer system. Howeserce there are variations in the values of the
parameters such as height of the comphtatensityp, andH as we move from one computer system to
another, one needs to get the correct values sktparameters for a given brand of computer. fier t
reason, the model was tested for hp Comp&6310 in this paper. The heightand densityo of the
system were measured and calculated to be M@2@ 650.27kgm° respectively. The values of thermal
conductivity K and specific heat conductivity for the system are 1.0 and 1002/Kg/K respectively,
while the rate of heat generated by the systénis 400.01h°s.

Table (4.1) shows the calculated values of tempegatistribution with time when the system was
switched on at the time the prevailing room tempeeawas 28.9C. The middle column gives the
temperature distribution from the bottom (hot umsiie) while the last column gives the temperature
distribution from the top (key board). Table 4i2eg the values of temperature distribution withdias
measured using a thermometer and a stopwatch. tBblids are plotted on a graph of temperature again
time in figure 4.1 Series T1 (bottom) and T2 (togigure 4.1 are the theoretical temperature distidn in
the system from its hot underside to its cool tdpemwthe system was switched on for a period of 2100
seconds respectively, while series T3 (bottom) Bédtop) are the corresponding temperature didiobu
in the system from its hot underside to its co@l tespectively as measured on a thermometer wiigin
same time limit.

The results of our theoretical work are in excellagreement with the experimental (measured)
values when comparison was made between them. niémum temperature distributions when they
system was switched on for a period of 2100 secdmis the bottom and top are 128 and 8.8°C
respectively above the prevailing room temperatfr@8.0’C for the theoretical values while that of the
measured values are 130and 7.0C from bottom to top respectively above the samevaiting room
temperature of 28°C and within the same range of time.

The implication of the above result is that, if ta@ top is used in an environment where the
ambient temperature is generally high (38.0- 36.0C) as it is the case in some part of the world, the
efficiency of the system will be affected and itgability may be reduced since these systems astise
to high temperatures.
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Table 4.1 Calculated values of temperature distributiorhwit

time in an hp (CampagX3610) lap top computer when it was switched on.

Time(s) | Temperature (°C) | Temperature
(bottom) (°C) (top)

0.0 27.8 28.1
300.0 31.0 30.6
600.0 33.2 31.0
900.0 36.0 33.5
1200.0 37.8 34.8
1500.0 39.5 35.6
1800.0 40.4 36.2
2100.0 40.8 36.8

Table 4.2 Measured values of temperature distribution wiitie with time
in an hp (Campaq nX3610) lap top computer wherag switched on.

Time(s) Temperature | Temperature
(°C) (bottom) (°C) (top)
0.0 28.0 28.0
300.0 32.0 30.0
600.0 34.5 315
900.0 375 32.0
1200.0 39.0 33.0
1500.0 40.8 34.5
1800.0 41.0 35.0
2100.0 41.0 35.0
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Figure 4.1: Variation of temperature distribution with time in a laptop when is switched on.
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