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QUESTION NO. One: [15 Marks|

0. La State true or false. Correct the errovs if any, in the following statements.

1.

Heat conducted through unit area and unit thick face per unit time when temperature
difference between opposite faces is unity, is called thermal diffusivity.

The value of the critical radius of insulation r, for a sphere 1s h/2k.

Prandtl number gives an indication of the ratio of momentum diffusivity to the thermal
diffusivity.

A value of the Nusselt number equal to unity implies that there is no convection.

Radiation shields do not deliver or remove heat from the system.

Grashof number represents the ratio of the buoyancy force to the square of viscous force
acting on the fluid . '
Mass is transferred by conduction, convection and radiation.

In laminar flow maximum heat transfer rate can be expected.

For In-line arrangement, the maximum velocity occurs at the minimum flow area

between the tubes, then the maximum velocity becomes |, = ( S, ] y
mas ST _ D

0. 1.b Write short notes on (Use neat sketches).

a. Analogy between Heat and Mass transfer.
b. Different types of fins and its influence on heat transfer.
c. Types of Heat Exchangers.

d. Thermal radiation.

¢

. Black body radiation

la)

Absorptivity, Reflectivity, Transmissivty and Opaque body.
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;uéstim} {2) 118 Marks]

a) Hot water at (;=120"C flows in a pipe whose inner diameter is 1.6 ¢m and thickness is 0.2
cm. The pipe is to be covered with fiberglass insulation (k= 0.038 W/m."C) so that the
temperature of the outer suiface of the insulation does not exceed 40°C when the ambient
temperature is 25°C. If the convective heat transfer coefficients inside and outside the pipe
are h=70 W/m”."C and h,=20 W/m®."C, determine the thickness of tiberglass that needs to
be insulated on the pipe.

b) A small medical vertical-plate resistance heater is 15 c¢m high and 10 cm wide with a

surface temperature of 130°C dissipating heat by radiation and convection into a room at

- 20°C. Determine the electrical power required, also compare the results for a plate 450 cm

high. The heat transfer for radiation hr is 8.5 W/m2.IK for the specified surface
temperatures. The properties of air are:

[v=21.1 x 106 m2/s, 0 =29.65 x 106 m2/s, and k = 0.0291 W/(m.K)].

Nu = 0.555(GrPn)" GiPr < 10°
Nu = 0.021(GPn)"* GrPr<10"

; ( 5
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Schamatic diagram of vertical-plate resistance heater

¢) Consider the flow of water with a flow rate of 71.4 kg/min through a tube 2 cm in diameter
whose wall is maintained at uniform surface heat flux. The flow is hydrodynamically and
thermally developed. Calculate the heat transfer coefficient. The properties of water are:
[v=10.568 x 10-6 m2/s, Pr=4.32 and k = 0.64 W/(m.”C)].

0.7 <Pr<160

08 13,033
Nu=0.023Re"" Pr Re > 10.000 for turbulent flow
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Question (3)_ [17 Marks]

a) A thin-walled double-pipe counter flow heat exchanger is (o be vsed to cool oil (€, = 2200
J/eg. ) from 150°C to 40°C at a rate of 2 kg/s by water (Cp = 4180 J/kg. K ) that enters at
220(C at a rate of 1.5 kg/s . The diameter of the tube is 2.5 cm and its length is 6 m. Determine
the overall heat transfer coefficient of this heat exchanger,

b) A thin aluminum sheet with an emissivity of 0.15 on both sides is placed between two very
large parallel plates, which are maintained at uniform temperatures of 627 °C and 650 K
and have emissivities £,= 0.5 and e,= 0.8, respectively. Determine the net rate of radiation
heat transfer between the two plates per vnit surface area of the plaies and compare the
result with that without the shield. What will happen if another shield is added?

¢) Consider a medium in which the heat conduction equation is given in its simplest form as

ii(ﬂcﬂ] + (—/[k(—[t +q,=0
rdr dr) dz\' dz

(a) Is heat transfer steady or transient?

(b) Is heat transfer one, two, or three dimensional?

(¢) Is there heat generation in the medium?

(d) Is the thermal conductivity of the medium constant or variable?

Goad Luck
D, Macestafe E€ Dotz

Scanned by CamScanner




A

H( ['S-c

,\A‘ 5 ‘SS ( -

gﬂ&& “I—cwlgu,pc’/vtf{: ﬁ /m)
| n Aasdiapr e

3 ST 0
e < ST"‘D)




QA.b) - )
-Q } | -
HC“G l’ 'thl \ %C(:‘If‘ ‘ ll"(Cl%'S' "Ta N %PQ ' n

Q) - KA 9% m =~ D, O dc
Crnvelue v ima C\X i pc Hj . " l )(

Ko thevmal conduchiv ‘f_&j Pag 5 i iesion coetfaciul

A L \( 2 R - (:\ MR
- L .
Q N Heal ’{VC'V\%L@)\ , d(Q_ —» Concen- tyation Spuﬂk
( Fouvier's \aw) (Fick’s Law)
- [ (_\ ,. - ] ~
@-mpvm Tk cancentyaly ey
_ prefite e rellif
- S
\ O KD _C_\I_ B , . ' :‘D!\P\A d___q_\
| dx \ T dx
| ™~
}( | ' . i N

Q'C.ﬁ-f\\f = \h\ (\ ( T3 —JVCX:J """ h A ((“O - Cgo)
’ \ . CtW\
s — heal ‘\‘\fcrm'a(f an C(:[Lﬂeim.k.hl* \n > VNAS "|'\’cms€@\ Cce\’ }? Touaml”

('\ (, ,.’1'oc_a\ ,,:\(Nr\ \3‘({3([{ uhg C‘lic[rv'fﬁ’f\'\c,(‘_. . C,o— Coo — Con cfe\q'\ vali an CJI-[:FH.Q Aok

SANA

(E"' \(m & Q - ) \\’J .; )
’ "\ ‘ h ‘) ' '\ )
. S Mo vnass madiakion
.f )’u? Fyyied ’ Y (‘J icﬂ VO k Hcil s, \ Van SCE’)L

R 3 ) L I
Ve \w:n-w%‘*eh oc pm'f\clm (::Q L.
malevial to aother, swe an resall-, [

(_OWCO'V\)-VO‘H)H C(.LMOHCJ .apeed i “Lqu\‘

;d‘ '

Scanned by CamScanner



|
i
!

-

C) ”@Iae‘s . Heal E xdncmﬂera -

1) Rvaliel heal Llow
I;\T ; Col
- Hot Py T s e Cddoouk

\ - .- - - .. .- e - . . e -

T Hokin g —

Q)_ Countey Wheal C I—ow :

1 o
/L\Hc\l* Cwid ! CLHM

~ Webin e

= | Mot

Cole ""}'q‘____'_ —_ - -
S0l g o \]j]“ w<_—:__h_g"

S S -~ ¢Cold auk
3) CrYos \f\ec\'rﬁ_c-flo_w o

PO SR b A CY0ss p‘low (V“fﬂ Q(“
e S ( o ired

dm/ N QO
cmss(:z{\ B&S ~ | 1
(un m.;p:%\L K\

tube Q-lou.) L Hube Ylow
Cun mfﬂe(ﬂ

- Lunwmixed ] .

Scanned by CamScanner



-

d) ﬁr)cl/mc(’ Yadfahmx

f] apmeol A Hne Pov’hoﬁ "CDQ QQC_JWCJ mj\ndfﬂc
SPEL.JWLLW\ Hhal extends Bam o-1 1o Hoo Hin .

h.e) ]F?J.\QC_K_,bOdj Yékd TelmNeaZ

-

e
1

L J/E,chdless o 1)

Bolack by 15 dened as_perPect anmitor
and _absoy ber DD vadiabrom . ..

’F\ (3ack . bodu\ absorbe all H’ULW\QICW‘ mcliqﬁm
ks wave\engh or divection .

A Rlock b@% ernitis all the vadiaml chneng
Hae

s —r

Q/\/"fn \VUﬁ

: ../,. ;;,/- - .. _\\‘
o j m{\‘-.\ // \l\

u\mPov’ma\B, m all diveckion wovmal 4o
diveckionn o the emissian..

A

AV

Uniform”
Dlack l.’_mcbﬂ

Nov_ unitdume

Real bodﬂ -

-

Scanned by CamScanner



SR ﬁ b%o‘r-p\ \—iu\B = X = m_f\b‘ﬁif.{l?d radiation —
metdant vadiabign oz

o XL | .

i) . . _ . )
] \e(— | QQ\- Y, ‘\*L - F — RCC (e,(ﬁ\ ed yad, u’r'\(w\ (TQ,,L
[Valdl] cant- vaclia "‘( (M1 Gr
P e )
- o)
- yansimis Sy ""L'\ " = "_C_{EQVW\’JE’\\JU(%A Yo li Jis !( VTV (3"]}4“
h K nwao l“dﬂ wh Ya Q/l \ (_;([ Woss (::TH

" N\ ‘
\a‘\ \\ } QC—’Q u L \"F‘i
Ancidomd—\ \ P \fad.q\\o.\,\

- \\ —%JX clrov e / -
. A\ A N—

- \ /
—’Vh"’/l i” ’{

Opaque bocl g -

“he boely which has T 2o

Scanned by CamScanner



Question 2 (a)

.’// ~
7
A
(G5
Shc:mn
.
VR
"n "u -'('-‘ . TJ "u
AN W e Rk PRV LY Ao -
re R, n, R,

Ay = 2mr L= 2w (0.008 myl m) = (0,0503 m?

Ay = 2l = e (1 m) = 6287, m?

Ther the mdlwlual lhermal resistancos are uDlummpd to ba

Ri = Raow 1 = 5 e . '.ﬂ = (284 W
LA WU Wi« CCHI0503 ml)
Ry R I L AROOO008) - e
P kg 2w W - Tyl my
‘‘‘‘‘ ln{m‘r;} e hl{.r';fﬂl’li
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Ay Q0 WimE TCI628r, mY) 125,67, /

Moting that aft resistances ara in serjes, the lotal resistance is determined to be

f\a.ﬂq“z == R, “+ [(.Pp s Hg -+ HU
= (O - QUKD ARSIk L0 1) - 28 6| CF W

Then the steady rale of hieal loss from the steam becomes

5 -1 o (20— 125°C
< R 102804 00020 F B8 It 000 4 V12560 J'CIW T

Moting that the ouler surface tempoerature of insulation 1s ‘.paunnd o be 40°C,
the rate af heat 105s can alse be exprassed As

. =1, o280

s IR ¢ ~ 18Rdr

¢ N (11256r)"CIW &
setting the two refations above equal to each other and solving for r, glves
r1= 0.0170 m. Then the minimum thickness of fiberglass insulation required is

P=ry =y = 00170 = 0100 = 0.0070 m = .70 cm
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“Question 2( b)

The film temperature is 75°C, and the| corresponding value of Gry is found 1o be
) - . < . b i o . r - T o .
651.“{‘?, —~ T,.), where [, is in centuncicrs and 7Tis in I, from the last column in

Table 28, Appendix 2 by interpolation. [or the specitied conditions, we get
* Gry, = (65 em P KOS emy (110 Ky = 241 x 107
for the smaller plate. Since the Grashof number is less than 107, the flow is laminar.
For air at 75°C, the Prandcl number is 0.71, and GrPr is therefore 1.17 % 107, From
:: . T ; . 7 )
Fig. 5.5, the average Nusselt number s 337 at GePr = 117 X 10, and therefore
- k (2.9 % 107 WimkK)

= AT — = ( Ty — e jf 2
h. = 357 3 (5.1 015 6.90 Wi K

Combining the effects of convection and radhation as shown in Chapler 1, the total
dissipation rate from both sides ol the plare is therefore
f-j' = *ﬁf‘:};ﬁ' + EI‘J{ 71!_ - T:'\n)
= [(2)0.1500 10y (6.9 + 8.5y Wim K)(110K) = 50.8W

7= 130°C
L L -
\\- ?j_,,' o
’ =
it ' T ' 3
lsidation - 15 cm
Heating wire ~__
- g
e
10 em
- T — WO
.ﬁ.‘/' rb‘! - _(§ L

For the large plate, the Rayleigh number s (A50:15)" times larger or
Ra = 4.02 » 101, indicating that the {Jow is turbulent. From Fig. 3.5, the average
Nusselt number 18 973 aad ifJ‘ = 063 Ws"ln2 K. The total hent dissipation rate from
both sides of the plate 15 therelore

g = [(DHASN010) m?)[(6.3 + §.5WmPKJ(110K) = [465W o
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