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adiation shape factor of the circular surface of -
g 10 cm length is 0.1716. Whas is the shape Ja tor of the curved Surj
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Sotution. Given: n=n=7 =5cm; L=10cm; F, ,=0.1716

F _,=F,,=0.1716as4,=4,
The shape factor releation among three surfaces is given by

F +F ,+F ;=1 ()]

Fi,+Fy,+ F,, =1 .. (i)
But F, =Fy, (i)
Also F = F, .= 0

Substituting (iif) in (if), we get
Fys+Fy, +Fy, =1

: Fyy=(-2F,) V)
Also A Fy=AyFy
2
— ——l- = F _—n N = .L-
Fy,=F ;X ya s Fiax Y V)
Fromegn. (i), wehave F, ; =1-F, asF, =0

=1-0.1716=0.8284

Now substituting from (v) in (v), we get 09

5

Now substituting from (vii) in (iv), we
0

(vi)

Fy, =1-2x02071 = 05858

Q2a) . A wall of a furnace is made wp of inside layer of silica brick 120 mm thick covered
with a layer of magnesite brick 240 mm thick. The temperatures af the inside surface of silica brick

?Ea wall and outside surface of magnesite brick wall are 725°C and | 10°C respecrively. The contact
> thermal resistance between the two walls at the interface is 0.0035°C/W per unit wall area. If thermal

conductivities of silica and magnesite bricks are 1.7 W/m °C and 5.8 W/m°C, calculare.

(i) The rate of heat loss per unit area of walls, and

(if) The temperature drop at the interface.

Solution.

Given : L,=120mm=0.12 m;
Lg =240 mm = 0.24 m;



k= LIW Ol = 38Wih

The cinitacl thermal reaistance (R”‘,

~0.0035°C/W

The temperature at the inside surface of
sihicd prack wall, r, = 725°C

The temperature at the outside surface of
the magnesite brick wall, 7, = 110°C

() The rute of heat loss per unlt area
of wall.g:

7 oanf

L=125°C .

[ Silice bricks
i Waznesine bricks
l [— o Interface

: Temngperature drop
at the interface

e
YR as ’ g
N z Rch th-A + (Rth)cw + Rﬂ,_a
_ h - 1)
L,/k, +0.0035+ Ly /kp \
B (725 - 110) ' 1,=110°C
= 0.12/1.7 + 0.0035 + 0.24/5.8 ® ) ._.®. =
615 fe L, >l Ly
i =120 =240
0.0706 + 0.0035 + 0.0414 e .
= 5324.67 Wim®
'I‘Iusratcofhmtlossparlmitamaofv‘mll,q=5324.61WI|n2 (Ans.)

(i) The temperature drop al the interface, (1, ~15)
As the same heat flows through each layer of composite wall, therefore,

9= L lky  Lglkg
or, | 532467 = g5-1)

0.12/1.3
o, $,=725- 5324.67 X %—?- = 349.14°C

- _ (5 =110)
Similarly, 5324.67 = DTAI58

or, =110+ 5324.67 X 9;23;1 =330.33°C

Hence, the per’atu.n’: d:Tp at the interface =t — ¥
0.14_33033£1881°C | (Ans)
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The platd is nucintenned ap JOGC Fnd the oot (on per Bowr Jrom the (hai XA
Dﬂm”u/ tep NOO mimn rde worth 2t elpert., What vl Ge [féct OR Deas irahyet
Ff"“”ll fes 2000 i caede ‘

Lo propertics of atr at 1100 ~ 20,02 = 60°C are » = 1597 % 0 pimis, w= 600
P, =07

Golwtiony, Given 7= 2 mbs s = 15897 £ 357 i = 0023 WimC zpd Pr=317.

Heat loss per boar fram the plate, O

Cuse V. When the flov i parallel 1 500 mm side :

= AL -
i = '7 = (664 (Rey ) ™ (Pr)

(11 s 1) _ 2
where Re, = — = = =527%10
v 1%.19 7 10

W= 5L- < 0.664 (Re VP (PO

_ 0025 g61(5.27x 10O (0. =6.767 W/m-'C
0.3 )

QO=jAu-1)= 6.767 x (0.5 x0.2)(100-20)= S414W (Ans)

(“use i1 When the flow is parallel 1o 200 mm side :

& -

Re, B B S (V)
18.07 % 107

P2 02 petx 2.1 x 1041201 = 10T Wi '€ (Aus)
I}

0=h

xA (U, ~1)= 10.7 x (0.2 x0.5)x (100 -20)=85.6 W (Ans.)
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)?’j Calenlate the net radiant heat exchange pet i ared Jor bwo large parallel
plates at empgrainres of 4277 C and 277 C respectively. € (hot plate) = 0.9 and £« old plate) = 0.0.
ffa ;mirr.\‘h"c! aluminiwn shield iy placed between them, [ind the perceniage reduc o in the
heat ransfers € (shield) = 0.4.
solution. Given: T, = 427 +273=T0K; T,,=27
+273=300K: g, (hot plate) = 0.9, &, (cold plate) =
0.6, €, (shield) = 0.4. o
R ) shi
Net radiant heat exchange per m? area: . ’/ -
1n the absence of radiation shield the heat flow ng:c -l
petween plates 1 and 2 is given by P
o (T - T)
(Ql’.’)m'l = 1 |
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3154.4
_1BDAR 5402.6 W. (Ans.)

1.777
Percentage reduction in the heat transfer flow:
When a shield is placed berween the plates 1 and 2, then

(Q|3)Htl = (Q32)net



R ror
l‘ l.‘ . '
700 ]‘ X
Lo ) m() ) m() (x)
ory 1 i -
.*. - .
09 04 .4 (l.()
4 4 ;
o 201 - - _——xl [whcrc x= ﬁ-
' Lit+25-1 25 4 1.67 = 1 100
N 2511 ) ,
ur, 201 - = ';;ﬁ (*-81)=0.9782=(x"-81)
ur, 1.9782.x1 = 24802 S x4 =12538
T
x = —= =(1253.8)#=5950r T, =595 K
or, X = T0 (1253.8)M =595 or T, =595
¢ 4
I 5.67[ 700 ) (5)—5- ]
o -1 _ 100 100 ) J
Qe = I | o
£ E 09 04
= -@?—: =259.1W
2511

Reduction in heat flow due to shield
= (Qper= @1er = 7402.6-259.1=7143.5W

T143.5
7402.6

or, Percentage reduction = %100 =965% (Ans.)



47 & counter-flow double pipe heat exchanger using superheated stean is used to
:ﬁ Pymer ar rhe rate of 10500 kg/h. The steam enters the heat exchanger at 180°C and leaves ar
The inlet and exit temperatures of water are 30°C and 80°C respectively. If overall heas

transfer coefficient from steam io water is 814 W/n?°C, calculate the heat transfer area. What would
be the increase in area if the fluid flows were parallel?.

Solution. Given : m,, (=) = 363(;.(()) =2.917 kg/s; 1, = 180°C; 1, = 130°C: 1, = 30°C:
1,=80°C U= 814 W/m*°C. 8 —8
(i) When the flow is counter : m= —
In (8,/8,)
In this 6, =0 , =8,=100°C
t,, = 180°C £ f = 180°C L

| x} Otﬂﬂi

01=i[}0 C\iﬁh{)amj\l d(S!’
= o, i C&m) W

= 80°C ‘ME_‘?} i A t; =130°C lg —X = 130°C
- cl ater)

iid
i (‘wafer) 8,=100°C ol 6“"“6 (w I 1,=80°C
I. h= 30°C |
] 1,=30°C

L
{(a) Counter-flow

b)Y P
The heat transfer rate is given by Q =UA© 0 parsletflow
. M X XU L=1) = UAD
- 2917 x4.187 x 1()‘x(80 30) = BldxAx 100
) (297X AT X 0" (80300 g5 m® (Ans.)
‘ . 814 x 1))
il When the flow is parallel :

_6-6, =(’1=1""J’(' la)

n (8,/8,) In [t = fa V2 ~ -1 7)1
= (180 - 30) - (130 - 80) _ 150 — 50

= =91°C
In [(180 — 30)/(130 — 80)] In (150/50)
Again. Q0=UASQ,
o 2917 x (4.187 x 10%) x (80 — 30) = 814 x A x 91
3
42 2917 (4187 x10°) X (80 = 30) _ g,y 2

814 x 91

8.24-7.5

= 0.098 or 9.87%
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{;]%/g/\ls couwith mean diameter of S0 mnt and inirially at 20°C is placed in a by,

u
warer pan for = ninites and found 1o be boiled 10 the consumer s taste. For ow long shoy

similar ceg for same consimer be boiled when raken from a refrigerator af 5°C. Take the folli,,
properties for egg: '
k= 10 WneC. p = 1200 kg/n*. ¢ =2 kJ/kg°C and h (heat transfer coefficient) = 100 Wit

Use hanp theorv. 40
Solution. Given: R= — = 20 mm = 0.02 m; 1,=20°CiT= 4 x 60 =240 s; k= 10 Win'C
p = 1200 kg/m¥: ¢ =2 kJ/kg°C: h = 100 W/m**C.

For using the lump theory. the required condition is B;<0.1

hlL.
B; = —k—‘ where L, is the characteristic length which is given by,

i
4

3
V (volume) SKR R
[ == — ==
A, (surface area) 4TR 3
1 ;
I B 100X00 g0

k 3 10x 3
As B; < 0.1, we can use lump theory.
The lemperautrq-variation with time is given by :

— X hA
t=fall exp [— i 'c]
— 4 _pVe

) 3)

[ Vi
- ]

=i i
| ¢ ' VoD (M 2S
L 120005 2000 oo =
Subntituting the values v egn. (D, we get
."_f,_l.m) a0 14 ] 1
\ - = ¢ . TIRRE!
20 - 10 G gt
oL r= 100+ (20 - 100) x 0.223 = 82,16 Cxay 82 C

Now let us find "t when the given datais 1 1, =5°C.1 = 100°C and 1= 582 (

Again using egn. (1), we get

82 -100 _ _oooe2st _ |
5_100 ¢ TR
_ ! 0.006257 —
Or. 0.1895 = ;(m;? or e T=5277
1.6633

0.00625t = 1.6633 0ort= = 266.13s = 4.435 min

0.00625



