2011 Part A 3A6 Heat and mass transfer Dr N Swaminatham

3A6 Exam 2011 Crib
)
() (i) Considering an element of iength dx from x (0 x -+ dx along the rod, the energy

balance is:
dr dr  d°T :
_ - - P T_ oo ES
AT +M(dx+d2d)+ Sl AT Te) dy=0
. » volumetric heat release convection

net heal conduclion

where A = 7ZR? and P = 27R.
Dividing by kA dx and cancelling out terms, we have:

2 .
£ -0

(ii) We consider the ratio between the two last terms in the equation:

OR

No = 2n(T 7o)

T is a variable of the same order as 77 and 73, so cither serves as a representative
magnitude. The non-dimensional quantity of interest is therefore:

__ox
No = ot —Tw)

If Ny >> 1 then the heat losses are negligible. If Ny << 1 then the volumetric heat release

is negligible. .
2h
(iii) For negligible convection losses, the term k—;—(T —Too) << —%, 50 we have:
&a2r 0
d 2 '*' > 0
which integrates to:
0.
T(x) = 3 kx" +Ax+B
The boundary conditions are 7'(0) = T} and T(L) = T5, so that:
_ oy L2 ar _ Q.
B=T] T(L)y=T, 2kL +AL=T, —A=|(lh-T) l L /L
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rw =1+ 22 [2- (2)'] - -

(b) (i) We perform an energy balance similar to the one in (), but now for the radial
element inside the rod, in which there is only conduction (in two directions, x and r, and
volumetric heat generation:

oT T T
—k2md;a—+L27r rdr (a +357 d) +

~ 7

net heat conduction inx

by 2 .
—k27trdx§1+k2at(r+dr) dx —£+é—1dr 4 Q2xrdrdx =0
or dr  dr? R
~ — ) .~ volumetric heat release

net heat conduction in r

We expand the brackets and neglect higher order terms to obtain:

T T  J'T
kzn'rdra,,dx-i k 27 dx (3 82) dr+Q2rrdrdx=0
| U S

9 (9T
ar\" or

We divide by 27k dr dx to get the desired equation:

*T 1d (aT\ 0
a2z e (a—) =0

(ii) Assuming that there is no conduction along x, and that the surface temperature
is Ty, we can integrate the equation:

12 NS
r&:( 8r) P

19 () _ 0
rar ar k

ary _ o
(’E) =%tk

5.2

ore
T——-—-Eic—*l—Kllnl-{-Kg

to yield:
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K; must be zero so the solution does not blow up at r = 0. We use T'(R) = T to
obtain:

, IR?
R
. R
Ky =T+ i
g OR? ry2
10 =7+ [1- )
(iii) The heat flux at the surface on the inside of the rod must match the heat loss:
or, __QR
ar r=R - 2k

But the gradient is fixed. In order to match the conditions, 7y will rise or fall so that in
either case:

IR .

“Qz‘lz’ = h(Ts - I'ca) or

=oe(T} — 1)
Note that the maximum (inner) temperature will rise or fall accordingly as well.

T-T,
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IIA Paper 3A5 2011

Thermodynamics and Power Generation - Numerical answers
1.

(a) 218.2 MW, 33.4%

(b) 292.6 MW, Turbine lost power = 37.6 MW
Condenser lost power = 36.8 MW

74.6%
(c) Condenser lost power = 22.1 MW
Cooling water lost power = 14.7 MW
Turbine lost power = 37.6 MW
74.6%

2,
(a) (i) 0.107, 0.670, 0.223

3,
(b) (1)23.13 (ii) 857 K (i) 48.35 (iv) 40.4%
(c) 58.1%

4.
(a) 30.3%
(b) (i) 0.282 (ii) 31.7%, 34.7 MW (iii) 1.30 MW
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Numerical Answers

3A6 — Heat and Mass Transfer, 2011
2) C)(l) Fn ={ F12 =04 F|3 =0.6
F»; =0.05 Fy =09 F3=0.05
F11=0.6 \ F3=04 Fi3=0

Epy = Ep = 5.67E04 W/m®,  Eb3 = 4.593E02 W/m*

4 d) 1m

N. Swaminathan

1/June/2011
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