MAE 423 — HEAT AND MASS TRANSFER
55 EXAM 3 Practice Questions

Name: You are allowed three sheets of notes.

I. A 20 mm diameter spherical ice cube (at 0° C) is placed in a
drink (mostly water) which is at room temperature (20° C).
What is the heat transfer rate if the ice cube is fully immersed
without any shaking or stirring?
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2.

A 5 mm diameter, 100 mm long straw is used to draw up the drink at a rate of 0.25
liters/minute. If the straw is at 20° C for its full length and the drink is at 10° C when it
enters the straw, what is the temperature when it exits the straw? (Ignore entrance effects.)






3

Name the five geometric factors (or parameters) that are important to radiation heat transfer
between two planar faces.

What is the “Reciprocity Theorem™?

What is the difference between counter-current flow and parallel (or co-current) flow heat
exchangers?

Whyis Ty = T°°2+T5 used for looking up fluid properties for external flow problems but not

for flow in a duct?



15

7.

Compute the length of tubing required for a refrigerator
condenser heat exchanger, if:
¢ the required heat transfer rate is 250 W
e the refrigerant is condensing along the length of the tube
at 45° C with a convection coefficient of 2000 W/m?K
and fouling factor of 0.0002 m*’K/W
e the air is heated through natural convection from 20° C to
40° C with a convection coefficient of 10 W/m?K and
fouling factor of 0.0004 m*K/W
¢ the tube has an outside diameter of 10 mm and a wall
thickness of 0.5 mm, with negligible thermal resistance
e correction factor F = 0.7
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Surface Area of Sphere: A = nD?

1 litre = 0.001 m?
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TABLE 6.4 Summary of forced convection correlations for incompressible flow inside tubes and duc

Ba,tt.r:

System Description

Recommended Correlation

Equation in Te;t_‘

Friction factor for laminar flow in long tubes
and ducts

Nusselt number for fully developed laminar flow
in long tubes with uniform heat flux, Pr = 0.6

Nusselt numher for fully developed laminar flow in
long tubes with uniform wall temperature, Pr > 0.6

Average Musselt number for laminar flow in tubes and
ducts of intermediate length with unifarm wall
temperature, (Rep, Priy/L)" (up/p)™ ™ = 2,

0.004 < (g < 10, and 0.6 < Pr < 16,000

Average Musselt number for laminar flow in
short tubes and ducts with uniform wall temperature,
100 < ILREGHPFDH,”.} < 1500 and Pr < 0.7

Friction factor for fully developed turbulent flow
through smooth, long tubes and ducts

Average Nusselt number for fully developed turbulent
flow through smoath, long tubes and ducts, 6000
< Rey, < 107, 0.7 < Pr < 10,000, and L/Dy > 60

Average Nusselt number for liquid metals in
turbulent, fully developed flow through smooth
tubes with uniform heat flux,

100 < RepPr < 10* and L/D > 30

Same as above, but in thermal entry region
when Rep Pr << 100

Average Nusselt number for liquid metals in
turbulent fully developed flow through smoaoth
tubes with uniform surface temperature,

RepPr = 100 and L/D = 30 '

Liquids: f = (64/Reg) (pus/prp)™**
Gases: f = (64/Reg)(T/Ts)™ ")
Wup = 4.36

Wap = 3.36

Nup, = 1.86(Reg, Priu/L)" ™ (us/pus) ¥

Nug, = 3.66

0.0668Rep, PriifL ( e )a.m
+ ——
1+ 0.045(Rep,Pro/L)8 \ ps
£ = 0.184/Ref%(10,000 < Rep, < 10°)

Nug, = 0.027 Re§EPrt/3 (puy /pr)*
or Table 6.3 or the Gnielinski correlation,
Eqg. {(6.65) for Rep = 2300

Nug = 4.82 + 0.0185 (RegPr)™#

Nup = 3.0Re}; 833

Nup = 5.0 + 0.025(RegPr)0®

(6.44)
(6.45)
(6.31)
(6.32)

(6.42)

(6.41)

(6.56)

(6.61)
(6.63)

(6.68)

(6.69)

(6.70)

—

“4l physical properties in the correlations are evaluated at the bulk temperature Ty except p, which is evaluated at the surface temperature T,

"Rep, = Dyllodis, Dy = 4A./P, and U= mipd.

“Incompressible flow correlations apply when average velocity is less than half the speed of sound (Mach number <0.5) to gases and vapers,



TABLE 6.3 Heat transfer correlations for liquids and gases in incompressible flow through tubes and pipes

Name (reference) Formula® Conditions Equation
Dittus-Boelter [35] - Nug = 0.23Re} Ry 0.5 < Pr < 120 (6.60)

Sieder-Tate [16]

Petukhov-Popov [36]

Sleicher-Rouse [37]

= 0.4 for heating
= 0.3 for cooling

0,14
Nup = u.nz;rneg-ﬂpf‘”(ﬁ)

g

= (f/8)ReyPr
P K+ K78 1)
where  f= (1.82 logyg Rep — 1.64)7°
Ky =1+ 3.4f

1.8
prti3

Nip = 5 + 0.015RedPr?

K, = 117 +

0.24
4+ Prg
b=1/3 + 0.5e 05

where o = 0.88 —

6000 < Rep < 107

6000 < Rep < 107

0.7 < Pr < 10° s
0.5 < Pr < 2000

10* < Rep < 5 x 10° (6.63)
5

10* < Rep < 10°

“All properties are evaluated at the bulk fluid temperature except where noted. Subscripts b and s indicate bulk and surface temperatures,

respectively.

T ———



