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1. [20 pts] A solid, 0.5% carbon steel, 2-in diameter by 2.5-in long cylinder, initially 1200°
is quenched durmg heat treatment in a fluid 4t a\ZOO"E .The surface heat transfer coefficient is 150 _
Btwh-f>F -

o
(1) Determine the centerline thpperahxre at the midpoint of length 2, 'an after immersion in the

fluid. .
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(ii) Determine the time required for the temperature at the center (radially and axially) of the
solid cylinder to reacl{ 205°F
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temperature of 93°C determme (a) Film temperature to evaluate the ﬂmd propertles (b) the
he plate, (c) the total drag on the surface
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3. [20 pts] For fully developed velocity profile, approx mate the le}ngt% of, 61(_);m 1.4- tube
required to raise the bulk temperature of benzene from 0 /F t /_1_00 °F.)The Tuibe wall
temperature is constant at 150 °F, and the average velocity ig 1.6 fps. -
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4. [20 pts] Pressurized liquid Water@ flows (without phase change) across a 46- -cm-wide

(tube-length directign) staggered tube-bank (Fig.), carrying combustion gases which keep the
in height of tube bank, water is supplied in a 15 -cm-1D

tube surfacesw For eac '30c
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(1) What temperature would you use to evaluate fluid properties?
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(ii) Assume that at the temperature you use in (i), v = 0. 364x10° m%/s, k=0.668 W/m- /m'K, and
Pr=2.22. Estimate the fefiperature.of the water afier passmg‘thmugh the-tube-bank.
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Space for question 4.
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5. [20 pts] Saturated liquid water at T,,=20°C flows inside the annular region formed by two
concentric 01rcu1ar tubes. The outer tube has ID=25mm, while the inner tube has OD=10mm.

The mass flow 1@ kg/s. }he outer surface is msulated and the inner surface is kept at

constant T;=50°C. Determine the average s
water, @Lf(g My develope veloclty and temperature - flow. Saturated water at Tp, has

v=1. 006x10' m2/s, p= 1000 5 kg/ , k=0.597 W/m-K.
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6. [Opténal 20 pts] In a laboratory demonstration ethylene glyq_ol at T,,=60°C and mass flow

_A0435kgss, flows through a triangular duct having equal sidesG=2( 20mm The flow is fully
eveloped w1th respect to velocity and temperature. What is the average heat transfer co coefﬁc1ent
if the duct surfaces are maintained at a const@:mt Tm, ethylene glycol has

y=4.747x10" mz/s$1087 6 ke/m®, =0.0.259 Wim K.
. 1l 4
Hhe (4)( (5)(= 3) S - polsT M

g AR ,

by _j?_"‘;?.h_m_ MCW)W: Am

5 RN S T
Z S

. () (0. 045 ko /o)
(3)0 (108% ¢ kg/mﬁ‘}-(&. 0.2m)- C‘%é;?#?/(f-;é%’:’%}

= 5% = Laminar Aoy

lable 8-1 7 Nu e fully developed, (aminar Plovy o constant Tg)
m Ariongolon fube

/\/Mp“ %DA = ‘;’7

_ 0259 m,
hﬁo—m CQ‘A{T)‘(DA)z (2.49). v 57/}(

J.00/55 m.

= 5.692¢ W pa

755 _P&L’F}@' wyed £= p,2& G W

ho willbe 66, gz6 6l



