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Question 1 (10 points)
Given a differential element cut out of a spherical shell. Starting Gg1q6

with an energy balance, as well as the Fourier’s Law, derive the T |
heat diffusion equation in spherical coordinate system. Assume
isotropic and homogeneous medium and a constant volumetric

I

internal heat generation rate be 4, -

b

r-sinf - de

Question 2 (30 points)
Consider a thin rectangular plate in the domain {(x, Y| 0<x<a; 0<y< ﬂ}. The top edge aty = f is
subjected to a constant heat flux g s” . The temperatures at all other edges are kept constant at 7, .

a) Write down the governing partial differential equation for steady-state conduction in the slab with

the associated boundary conditions. (6 points)
M i x_ X x_ Y . . .
b) Let & = o " =Y =4 Rewrite the governing equation and the boundary
k
conditions in part a) in non-dimensional form. Must show all steps for points. (8 points)

¢) Prove that, the series expansion solution to the steady state temperature distribution is given by,

O(x,y)=> C -sin{n-z-x})-sinh(n 7 x),

n=1

L= . (16 points)

where C isgivenby, C, =—2" " A
' (n-ar)-cosh(n=rr-aj

Question 3 (30 points)
A cylinder of diameter 0.025 m and length of 0.2 m, with an opaque and diffuse surface, is placed in a
fan-assisted oven. The walls of the oven arc at 1000 K. The cylinder is exposed to quiescent hot air at
750 K in the oven. The surface emissivity of the cylinder is given as,

{81:0.8 0<i<4pm
o =

2 le,=02 4pm=i<eo

Assume the initial temperature of the cylinder be 300 K.

a) Find the initial total, hemispherical emissivity, and absorptivity of the cylinder. (9 points)
b) Calculate the convective heat transfer coefficient of the cylinder surface initially. (6 points)
¢) Evaluate the net rate of heat transfer initially. (6 points)
d) Determine the steady-state temperature on the cylinder surface. Evaluate air properties at the film

temperature of 862.5 K. (9 points)
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Question 4 (10 points)
Given a brand new concentric tube heat exchanger with smooth walls, the outer cylinder has a diameter
0f 0.04 m and inner cylinder with diameter of 0.03 m. The length of the heat exchanger is 9 m. Air is
flowing in the space between the inner and outer tubes with mass flow rate of 0,05 kg/s and enters the
heat exchanger at temperature of 245 K and pressure of 1 MPa. Condensing steam is flowing in the
inner tube at 110 kPa . Assume the heat exchanger assembly is perfectly insulated.

a) Find the averaged heat transfer coefficient. (7 points)
b) Calculate the outlet temperature of the air stream. (3 points)
Question 5 (10 points)

Consider a thick slab of soda lime glass with thickness of 8 cm, 1n1t1ally at 573 K. It is subject to
cooling by air at 303 K, blowing across its surface with a velocity of 25 m/s. Assume the slab of glass
is 2 m long. For properties evaluation, assume the surface temperature of the glass be 317 K.

a) Derive the transient finite difference equations for nodes 0 to 4, using an explicit scheme.

A (3 points)
b) Determine the largest possible time-step sizes such that the explicit scheme will not become
unstable upon iteration. (7 points)

8cm

h, T,
/4

Question 6
Fins are being installed outside a chimmey with the surface
temperature at 7, . The fin consists a rectangular portion, which
is protruding with a length of 1 from the chimney wall. It has
another fin with triangular cross-section that further extends for
another length of Z from the end of the rectangular fin. The fin
surface is subjected to convective cooling by air at 7_ and the
heat transfer coefficient is estimated as # and its thermal
conductivity to be k. Assume the width to be .

a) Prove that the temperature distribution and heat transfer rate in the rectangular portion are given

by,
inh(g - x) sinh(f - (A—x)
T0) =T, (4= 1) iy + (B 1) si(nhoe-n -

and q(x)m—k W) B [(T -7)- %)l +(T,-T)" cosh(6 (4 —x)) }

sinh(f - 1)
ﬁz _2-h _ .
where = k- S and T, =T(x=1) . (6 points)
b) Prove that the temperature at the junction, Time =T, . s given by,
Ty
T, =
june— sigh(f - 4) - 9, - f- L+ cosh(B - 7)°
where 7, is the fin efficiency. (4 points)
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Appendix
Selected material properties
Property Material ~ Temperature Value
Water 1000 kg/l;n3
. Air 2685K (1 atm} 1.2 kg/m
Density, p Air 310K (1 MPa)  11.41 kefm’
Air 3565 K (1 atm)  0.9902 kg/m’
Water 1.5% 10 " m?s
Air 268.5K 1.298 x 10 ° m%/s
Viscosity, v Air 310K 1654 107 s
% Air 356.5 K 2.131x 10" m*/s
Air 525 K 4.114 x 107 m¥s
Air 862.5 K 9.326 x 10 m®/s
Thermal Diffusivity, o Air 268.5 K 1.765 x 10~ m/s
Air 2685K 0.7355
Air 310K 0.7252
Prandt]l Number, Pr Air 35365 K 0.7151
Air 525 K 0.6953
Air 862.5 K 0.7031
. Water 4200 J/kg-K
Specific Heat, C, Air 1005 J/kg K
Saturation Temperature Water at 110 kPa 3753K
Water 0.6 Wm'K
Air 2685 K 0.02328 W/m'K
.. Air 310K 0.02740 W/m-K
Thermal Conductivity, & Air 356.5 K 0.02977 W/m‘K
Air 525K 0.04116 Wm'K
Air 862.5K 0.06039 W/m-K
Correlations for Nusselt Numbers
e Cylinder with external cross flow:
_ 0.62 Re - Pr” [ ( Re,, ] 5/8} s
Nup=03+ [ (0.4 ) 2/3} | 1 +282000
) ]

e Fully developed laminar flow with uniform surface temperature: Nu n=3.66

e Fully developed laminar flow with uniform surface heat flux: Nup, = 4.36
e Mixed boundary layer over a flat plate,
Nuw,=[0.037 - ey —871] - r for  Ra,<10"
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e Long, horizontal cylinder in quiescent ambient,
1/6 2
— 0.387 - Ra,, "
NuD= 0.6+ [ (0_559)9,’16] 827 for RGDS, 107 .
1+ |—%—
® Fully developed turbulent flow, Nu 5=

Pr

”si - (Rey,~ 1000) - Pr

172
1+12.7- (-gi] (PP -1)

o where the friction factor, £, is given by,
g/ D 2.51

-2.0" Iog( 37 T Re, ’\f?) for rough wall

L
N

0.790 - In (Re D) - 1.64 for smooth wall

Heat Exchangers Effectiveness Correlations

e Parallel Flow:
 1=exp [-NTU- (1+C)]
£ 1+C,

e Counter Flow:
1-exp [—NTU' (1- Cr)]
C1=Cexp [-NTU- (1-C))]
NITU
“Teyrg fro G

g for C,. <1

&

Heat Exchangers NTU Correlations

e DParallel Flow:

In[1-&-(1+C)]
1+C,

NITU =~

o Counter Flow:

1 e—1
NTU = C,—I']n(e"cr—lj for c <1

NTU=T2— for c=1

>
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