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Process Engineering January 2023

Heat Transfer Final Exam
(Standard Correction)

knlass =0.80 W/m.K
Kair = 0.025 W/m.K

Problem 1 (3 marks):
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a) Draw thermal circuit:
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R R, Ra Ra R«

b) Calculate resistances:

Lg) 0,005m
R1:R3:R5: £355 —

K
KglassA (080 )3m2) 0,002083 (;)

_ _ Lair _ 0,01m
Ry= Ry = Kair-A (0,025%)(3 m?)
’ mK

=0,1333 ()

K
Reotal = 3.Ry + 2.R; = (3%0,002083) + (2 0,1333) = 02729 ()

c) Calculate the rate of heat loss through the window (q) :

Ty~ Ts _ (10°C —0°C)
Rtotal 0,2729 (%)
w

q= = 36,64 W




Problem 2 (3 marks):

D=25mm=0,0025m L=20mm=0,02m T = 20°C

€ =0,80 - w T. = 400 °C
h=25 (70 ;

Find g :

q = q(conv) + q(rad)

q= h.A.(TS - Ty)+ E-G-A-(Ts4 - Ts4itrr)

A=m.D.L =m.(0,0025 m).(0,02 m) = 1,571 x 10 m2

— )) .(1,571.10™%m?). (400 °C — 20 °C) = 1,492 W

\'\Y
q(conv) = <25 ( 7

g(rad) = (0,80). <5,67. 107 (3

)) .(1,571.107*m?). ((400 + 273)K — (20 + 273) K) = 1,49 W

q=1492W +1,409W =2901W




Problem 3 (4 marks):

1) Determine if the flow is entirely laminar, entirely turbulent, or whether it transitions somewhere along the
plate:

P UsoXer _ 867 (%) 2,5 (%) - Xer

u 0,06108 (%)

Re, = =5x10° > x,, =141m >10m

So, LAMINAR over the entire plate.

2) Find the total rate of heat transfer per unit width from the ThermoKool to the plate:
g = h.A.(T, — T,), so we need to calculate: h

867 (%) 25(%). 10 (m)
v 0,06108 (£2)

Re, = P Yoo Xer _ = 354 900 (Laminar, flat plate, constant T; B.C)

Then, Nu = 0,664. Re, 5. Pr'/3

Nu = 0,664. (354 900)°5. (1551) /3 = 4 579

— h.L — N
N‘L[:T - h=

L_ 4579.(01414) E=647( w )
20C

u.
k 10 m2.

So,

w
q = 647 (m>.(10m .1m). (80 °C — 30 °C)

q= 3237W/m




Problem 4 (10 marks):

L=17m ; ri=15cm ; r,=20cm ; k=14W/mK ;

€gen =4000KW ; T;=60°C ; T,=200°C

Determine the temperature of the pipe wall at a radius of r = 17.5 cm:

Assumptions:

1) One-dimensional heat conduction ;
2) Steady-state ;
3) Constant K.

ENERGY EQUATION:

9 dT\  (égen\
ara)=—(5) =5
( dT)_ r? c
Tar) S ET TG
(dT)_ r C
dr) "2 r

T(r) = B2+ C.In() + G,

Evaluate constants using Boundary Conditions:

2
T(T‘l) = Tl T1 = ﬁ%‘l‘ Cl.ln(Tl) + CZ

2
T(rz) = TZ TZ = ﬁ%‘l’ Clln(rz) + CZ

Subtract (egn.1) from (eqgn.2):

B
TZ_T1=Z

(T, — T1) — ij(rzz - 7’12) = C1.1n<

(T, —Tq1) —

(Temperature Distribution)

(eqn. 1)

(eqn.2)

(7 — r2) + C;.(In(rp) — In(ry))

T

%)

1

20—

C1

In (

r2
r1

)




Solve for €, in (eqn.1):

2
T
Cz = Tl_ ﬁz_ Cl.ln(rl)

2 —T)-&
C;=Ti- ﬁ-r4—1— ( - (ég ELAW
So,
2 T — T)— Bz — 2 2 , — T Brz _ y2
T(r) = B-T—+ (( 2 1) :(7’2 rl)).ln(r) b - ﬁ.r—l— (( 1)~ :( 2 rl)).ln(rl)
* in () ' in ()
—Ty— B2 _ 2
T(r) =T, + E(r 2 _12) 4 (( = 1) ;*(rz rl))_1n<i>
In (i) 6]
In(—
T(r)=T,+ E(rz - r%) +| (T — Tq1) — E(rz - rl) (:1)
4 4 In (i)
Check: let é4ep, = 0
In (L)
T(r)= Ty + (T, — Ty). "
In (i)
Find (r =17,5cm) :
é 4,280 .10° (=
9“"”( 2—12) = M [(0.175 m)? — (0,150 m)?] = — 620,9 K
4.14 (—)
égen 4,280.10° (~
1% (rZ—r3) = M= [(0.200 m)? — (0,150 m)?] = —1337,5K

4.14 (-0

() ()
n() G

= 0,5358

T(r =17,5cm) = (333 K) + (—620,9 K) + [(200°C — 60°C) — (-1 337,5 K)].(0,5358)

T(r=17,5cm) = 503,74 K




