1(a)

+ve ditech ofL

C}HJ(‘
.
Qe
Q- Tkl heat flow
(or\sidmnj Wﬂf‘j (,Lows ok and ook @% SLL“
. . 5
O = Q- Quui + 4nr de H
/! ¢ /
cut Al
infows o heod oot [ow of keud h pemhon

Quie = a0+ 20Q) dr
or

=>© / [/Q/DQo\ L4 de

o - - 2@ 4 amctf
or
A .Q= *4ﬂf2>\£
or
7 5 - ~;[4\(r/\9f} TR Q!
dr or
.':> o =

XOCIT + Y
o)f J/

(b) (@)



ar\" ar) =27
Integrating
dT fH 2dr 4 C
— = | —=r4dr
dr A
ar o
2 =_1_,¢
dr 3
Atr =0,1? Z—: = 0 (makes the constant of integration zero, i.e. don’t need to enforce the

central boundary condition.

T _H
dr 31
dil  H
dr 31
(b)ii) Starting from
diT  H
dr ~ 34

Integrating gives the temperature profile as

T(r)—T(a) = —:—/1 (r? — a?)So the temperature difference between the centre and the

surface is

H
T(0) = T(@ = = (@)

(©)1)
The flux of heat leaving the particle must match heat flux through the surrounding fluid to the
bulk. The total heat flow out the particle is

o= 4 2,90 _, ,H 4nad’
= Ta I Ta 3= 3
Giving the heat flux at the surface as
4ma’
. 3 H _ a
1= %naz ~ 3
(alternatively, use part b(i) and note that at the surface § = —AZ—:a = %)

2ah

Since Nu = where h is the heat transfer coefficient and 4., is the thermal conductivity of

ext
the argon flowing over the spheres.




q= Zlext(T(a) —T(0)) = Ha/3

Ha?

T(a) —T(0) = ——
(@) —T() =3 ToNu
Therefore the ratio of internal to external temperature difference is

T(0)-T(a) ATy H(@?)
T(a) —T() AT, _2Ha?

37,0 07
ATint — Nulext
AT, 42
AT,
—mt — 0.01 => Nu = 0.01 x4 x 700 = 28
ATgxt

4
Bi = hs  Nuley N §7Ta3 _ Nudey 28

"TA T 2ah T4maz T T 64 6x700
i.e. very small — lumped heat capacity model is appropriate.

= 0.0067

(c)(ii)
Since the lumped heat capacity model can be used, it is straightforward to write the time

dependant equation for the temperature of a sphere.

4 dT 4
—_ 3 _— = 2 — — 3
37ta pc T dma“h(T — Ty) + 3na H

Simplifying and letting 8 =T — T,

9 _ 3h,
pcdt_ a
Or
pca do 9_+aH
3h dt ' 3h
B ro=+2n
tat 3h

Which is a standard first order ODE, whose transient response is determined by the solution to

the homogenious equation and the time constant

_ pca
LT
Since h = Yidext
2a
2pca?

e 3Nuldeyt



2% 1000 x 1000 x (0.01)?

T =
70
3X28X(m)

= 238s

It would take about 3 time constants to have almost reached the steady state.

)



Note typo above: 70 should read 7.  Final value is correct.
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