
L3

L = Zin

t= 0 . 1 in -> Assume adiabatic 2 : Mlanhimla
W= 40 in

T= 150%

To : 1000f

h = 75 Bto/h . f2 ·
of

-> (c = L + t
z

= 2+ 0 = Sin = 0 . 108

=> cat -> m= 2x = 13 .782

94 ·76x()

k = 94 . 76 Mk = 13 . 782x 0 . 1708 = 2 .354

2 : tanh (2. 354) = 0 . 417

2 . 354

q = 72max

0 . 417 (nA Ob) A = PLa

0 . 417 (75 x 1 . 1415 (190-1001) 2(w+ t)L

I K 0. 108 = 11415

9 : 1785 . 04 Bto/n



Hiy

1 = 0 . 094m
V= 10m'-> P=

46 W

TN = 26 - 2 % &

On
0 . 015 (46) = 6 - 9

46 - 6 . 9 = 59 . 1

properties: A16.21 77. 3 -> 350 . 3 k

V = 20 .92x10-3 k = 30x10
3

Pr = 0. 7

q = hA(T - Tx)

39. 1 = h ((0 .%127((0 . 094)) (128 . 4 - 26 . 2)
-

h = 102 . 01 w/m? K



14

water

notTin = 15
°

C

L = 6m

misp DT = hADTLM

Properties = 36 - 309K

Cp = 4. 178kJ/kg-41785/kg Estable A.

DTLM : (100 - 15) - 1100 - 57) = 61 . 63

In(i)

0 . 23 (4184) (57 - 15) = n (2003) (b) (61 .63)

h = 756 . 34 wim? K



copper

mbmFoot ?
=12ft

Ts = 2 Isof

mcpDT = hADT cm

Re:400-
= 10.

Turbulent

Nu = 0 . 027 Repr Pr=

0 . 027 (10185 .9108 (0
.S is

Nu = 85

85 =
h(x2) h = 102 w/m? K

0 :1

Assume DTrm = Diarg

0 . 25C0 .5) (Toot-1003 = 102Ln()(12)) (145400)
-

1215-Toot

Tout = 155 .8%

=> ATL =

I
OfT



g = hA DTcM

102 (n (2) 12(84 g
= 26917 Blu/hif

26917 : mcp DT

26917 = 1000 (0 . 5) (Toot-100)

Tout = 154 of



La

-
h for Air

As

Tube Bundle #water

staggered Arrangement . rows. NL = F

OD = 16
·

4mm S = 34-3mm tubes per row = S

Si= 31 . 3 mm

is Cylinder TO2

Air V : 6 M/S & 15 %

Air= Erd = CC2 Remax Pr36)

Sp = [Si + (12)
*

S

(343 +(j)
/
>S:

+
16 .4

37 . 70 >2385 Umax at A,

-> Umax at A,

Umaxr = 12o



Properties : - at Tang = 15+273 = 286

=> Red
, max:x - Interpolation V = 14 .822x10m2

Remax = 12 . 6 (16 .4x103) = 13941 . 438

14 .822x10-3

-> constants 22 = Rex 103 Nr = F

2= 0 .95

2-=2

2 = 0 . 35 (5)*

c =
0 . 35 (34x4) = 03

properties :

N <
, C2 Rem pol m + 0 . 6

Pr at Targ = 0 -71012

Prg at Ts = 343k = 0 . 70098

top = 0 . 34(0 .95) (13941 .

49 (0 .710173036(OR = 87 . 8

-> to find h

properties: Tavg = 288 k

Tup= k = 25 -34x103 W/mK

87 .83 = h (16 . 4x103) h = 135 .

7 wik

25 .
34 x10-3



↳

OD = 2 .373 in

T
inner pipe-hot streamin Schedule 40 - ID = 2 . 067 in

no = 350 Bto/ft2 · h hi = 200 Br/ft2 . h k = 26Btr/h.2 · OF

Rp = 0 . 001h . ft2·f/Br -> fouling factor for Both streams

heat load = 3 . 5x10" Bru/n

-> counter current ·↳hot

-358!

Q = VA DTLM [120~ Th

ATLM::s
S

↓ I + DonPolDi) + t + R + ROS

V = [ 2 . 373+Em(2
. 373/2067) + + 000375) + 00T

200 (2. 067)

V= 88 . 65 Blu/h . ft:f

3 .5 x 10" = 88 . 65 . A
. (198 .5)

A = 198 . 9 f +
2



·
So

↑↑inoti T2

-> co-current -

801
Q = VADTIM

sim

:So is a
-- same as counter-current = 80 . 65 Bh/h . ft2 of

3 .5x10 = 88 . 65 (A) 191 . E

A = 206 . 16 f+2



Ta
100

9
= S40

,
000 Bro/h isisnot fluid -> inside tubes

not 230 ·

T2

-ta

A m
= F DTLM

Dirm000
:S

= 0 .94(59 . 44) =25.87

R=

Th
= 10-160 = 05

P:ta: 0

↓ from charts
F(1 -2) = 0 .71

0 .72 < 0 . 8 (1-2) shouldn't be used

F(2 -4) = 0 . 94

0.9470 . 8 (2-4) should be used .



↳= 16ft

Zin Couter) -> 2 .067 in

1:2Sin (inner) - 1 . 38 in ,
1 . 66

on

K = 9 . 4 Br/h . f ·
of

Benzene Aniline

m = 18 ,
000 16/h

60% -> 1200f 1500- 1087

& Energy Balance

I
:

&A
mcpDT = mcpDT

10 ,
000 (0 .42) (120-60) = m (0 .S2) (150-100) m = 9692 . 3 16/h

② LMT D - isoy
T

,
.zoxhot)00

S

-> Assume counter-current
gold :60 - Th

DTcM = (150 - 120) - 1100 - 68) = 34 .76

In/

③ hi calculation

-> Assume Benzene in inner

Re = 4ni

Dil S

Di = 138 = 0 . 115 ft

Re = 4(10
,
000s

= 83217 . 3

* (0 . 115) (0 . 55) (2 .419) =>Turbulent

flow



Pr = -M. 2 . 419

K

Nup= 0 . 027 Reo
· 8 pr

0 .027(83217 . 33%8(0 .42x05x2 . 419)"3 = 425 . 29

0 . 092

Nu=

425 . 29 : All hi = 340 Btr/ftF . n

=> check enterance effects

L > 60
D

↓32 = 278 .26760 enterance effects are negligale

entire length

⑨ no calculation

%
Re = De (m/Af) De = Do - Di

M

2 . 067 - 1 . 66 = 0 . 033975

12

Af=DDi)=- (
*]

Ag = 0 . 00827 f + 2

Re =039(9693/0
.00827) = 82.

=> Transient flow

Nu = 0 . 116 (Re
*
- 125] Prs

= 0 . 116 [1822 - 11)
*

3
- 125] /2x0 .

52x2
. 419 y

Nu = 95 . 86



Nr = A

93 . 86 =
40 (0 . 0339)

no = 282 .7 BH/h-ft2 f
0 . 1

=> check enterance effects

De 760

lengthofSta = 471 . 97760

one leg of

hair pin

⑤ calculate Pipe wall temperature for corrections :

Tw = targhi + Targ . no (Do/Di targ = 20 = 90

hi + no (Do/bi Tavg=+
50

= 12

Tw = 90(340) + 123 (282 .7) (1638) = 107 . 5 %

340 + 282 .7 (H)

⑧ calculate corrections & correct no shi

Pin B= 1

PorCA) = (0 = (4 = 0 . 97

hi = hi = 1 , 022 (340) = 348 Btr/ft . n . of

no = Dho = 0 .97(282 .7) = 276 Bir/ftn . %



⑦ forcing factor

Roo = Rai =
0 . oo heft of /BEW

⑧ solve for(

Do = 1 - 66

v Tip + Poln(PO) +t+] Di = 1 . 35

2k

V = [ 166 + (i)
+%38) + + 0 .001x166 + 001]

348x1 . 38 1 . 38
2x 9 . 4

= 94 Blo/h . fth · of

⑨ calculate Required surface area .

q = UARTru

252 , 000 : 94A (34 - 76) A = 77. 12fth

L: 177

number- hair pins= 55



Kerosene Gas oil

m = 30, 000 16/n m = 75 , 000 16/h

40007 - 250% T - 110
°

F

① Energy Balance

q = Eg
mcpAT = m (pDT

30
,000 10 . 6/(400 - 250) = 73 , 000 (o

.5) (T-110)

T= 1820f

② DTLM 250

hot (kerosene (-
ATrm = (400 - 182) - (250-110) "X400

in [] Cold (gas oil 182

DTL = 176

& Dirm correction factor [shell & tobe]

->Assume Kerosen inShell R :

T =

400



P : tp-ta =
182-110 = 0 . 25

Ta-ta 400 - 110

=> from charts F= 0 .93

① Calculate Up

q = UpAF(DTLm)

Up -> from tables = 35 Btr/h . ft2 . of

30,000 10 .61(400 - 250) = 25 (A) (0 ·93) (176)

A = 659 . 8 = 660fth



turbinegys : - 100 -> 60%

mi = 0 . 1 kg/s 30

OD = 45 mm o
water : - 30 ->T2

m = 0 . 2 kg/s

↑D = 25 mm

& Energy Balance

mi <pDT = mCpDT

0 .
1 (213) (10 -60 = 0 .2(4178) (T2-30 (

Tz = 40 . 2

② DTLM

Tb030
=4



120

B-os so

108

10 ,00016/h Beneene Analine

60% - 120 15007 +> 100 F

Su = 0 .879 St = 1 . 022

16ft hairpinsZin 1 . 25 in Sc40
Y

OD = 2. 373 ID = 1 . 067 ID = 1- 38 OD = 1 , 66

x 2 . 419

k = 9. 4 Btr/n · F . of

max DP = zopsi

& Energy Balance

nicpDT = mcpDT

10 ,000 (0 . 42) (120 - 60) = m(0 . S2) (130 - 100)

m = 9692
.

3 1bm/h

q : UA DTCM

9 = 10 , 000 20 . 42) (120-60) = 152000 BA In

Dirk
~[+i)

Roi & Roo = 0 .00

Do = 1 . 66 Di = 1 . 38



Assume Benzene in inner tube.

= 83217 .

3Chi : Re=u:0 10553 x 2 . 419 #lent

Vu = 0 . 023 R20
. 8 pris Pr:

0 .023(83217 . 360.870 .55x2. 419x0.42)
0 . 092

NW = 362 . 28 =
h (1)

0 . 92
hi = 290 Btu/n - +2 · F

-> ho De = Dr - D

2 . 067 - 1 . 66 = 07 Af= / (D2 - DPL

= 0 . 00827 f + 2

Re = Dem = 4) (9692 . 3) = 8216 . 15

MA
2x 2 . 419x 0 . 00827 Transient

Nu = 0 . 116 [Res - 125] Prs

Nr = 0 . 116 (18216 .5)3 - 1237 (0 .

32 x 2x2
.4197 = 95 .91

93 . 91 = He LO ↳= 283 Btw/n · F + 2
·

of

0 - 1

->
in for correction

Tw = targ hit Targ no (PPi) targ = bo : 90

hi + no (Pi)
Targ : 1300 = 125

Tw = 90(2901 + 125(283) (i) = 108 · 87

290 + 283 (ii)



& = (=10

% : (2014 = 10 : 0974xho

& = 89 Bto/ft ? n . F

9 = VA DTLM

232000 : 89(A)(34 · 761 A = 81 . 5 ft2

L = 81 .572 = 187 . 4 ft
0 .4357

Arthairpins:=
5 .9 6

-0 . 2314
= 0 .0267innen DPf = f LG2 f = 0 .3673Re

Pipe 7. Sx102 . S.Di P ; Af=y,
B2 = 0 . 0104

G:0961538. 1

DPq = 0 .0267(6x32)7961538 . 46)2

7.Sx162 (0 .879) (I) (1022)

DPf = 6 . 11 Psi

I

Rnds : DP = 1 . 6 x103 . LIXNHp-1) GY/

16x103 . (2x6-1)(961538 . 462 = 1 .83 psi

0 -879



DP = RPf + DPr

6. 11 + 1 . 85 = 7 .96 psi < 20 -ks
for inner

Shell :
- 0 . 2314

DPf =
f LG 5 = 0 . 3673Re = 0 . 0456

7 .5x16S - 6 . De Af = Y (De - D
,
2) = 0 . 00827

G: := 11714723

DPt

-Ons
DPf = 47 . 3 720 *



Shell 5 To be

136 tobes 21 in 1D Shell

tubes ->I in OD

14BWG 1
, in [l pitch

loft long

(1 - 6)

Kerosene (inside) e Gas oil 20% Battles Sin

tube

30000 14/h 75000 16/h k = 26

Tin = 110 - 182

q = UA DTLM

9 = 30000 10. 6) (400 - 250)

g = 2 .7x10 Bto/h

DTcM : 176 7 = 0 . 93

[DTin <
= 176 (0 ·93) = 163 . 68

A : 156 tobes x 16t x 0 .

2618 = 653ft

W

BwG tables

q = VA (FDT)

2 .7x10 = 01653)(176x0 . 93) V = 25 - 3 BH/f2 · h . OF

-> calculate UC



vLi

-> hi

mpertube= = 70 =

2884 . 61
156
%

Re = Am
=

4 (2885) = 6243 - Transition

DM

4x3
. 5x2 . 419

N : 0 . 16 [Re
*

-
125] ir's (Yaw" [1 + (P1)* ]

0110(1243)"
- 129] (0

. 5x3 . 5x2. 419)'s () [1 +/] = nic
0 . 08

0 of

hi= 110 Btr/h - ft2 of

-> ho

:O
,
S figure

De = d = 0 = 0 .0825f

as = d = 2125(025) (5) = 0176+

144 (1 . 25)

G: : 2000-203294 1bm/f e

Re = DeG : 0

.osan
= 10

U



no - Bas= = 0 . 23



Wil

finned Tube - cross flow - Both unmixed

Thin = 300 Cpin = 1000J/kg . K Gas side surface

Thort = 100
°

C Un = 100W/m? K Area An

inwater = Ikg/ Thin = 35

Je Targ=
S

= 80 : 353

Tcour = 125%

Properties <p , 2
= 4197J/kg . K

C = Cp
>
m

4197(1) = 4197 W/k

Cn = mucou = 2 Froot-Tain) = 4197 (125-35) = 1888. 65 W/K

(Thin - Thort) (300-100

(min = In = 1888 . 65 W/K

- Amax = (min (Thin-Tcin)

1888 . 65 (300 - 35) = 500492 . 25 : SX10S w

=

Part
= mc (pcDTc = 1 (4187( (125 -35) = 3 .76x103w

=fact
= 3 .76X = 0

5x105



in = 0 .4

T

NTU = 2 - 1

NTV=
in

2. 1 = 100 (A) A : 39 . 66m2

1888 . 65



cross flow-finned tube - Both unmixed

gas side A = 40m
?

m = 1 Sky/s (p : 1000J/kg - k

U= 108 Wim2 . K Thin = 250°

water m= kg/S

Tein = 35 C = 4197 J/kg · K

On = m (p = 1 . 5 (1000) = 1500 W/ = Chin

2 : m (p = 1(4197) = 4197W/k

min
= 03 S

NTV:
=

100440) = 2. 667

E 0 . 82

:

&max = <min (Thin - Tcin (

1500 (250 - 35) = 3.23x10"w

2:
0 . 82=s Net

= 2 .65x103w



q = mn (p DTn

265x105 = 1 . 5 (1000) (250 - Thoot] Thoot = 73 .332

q = mc Cp Dic

2 . 65x105 = 1(4197) (Tcort - 355 Tcout = 98 . 14
°
2



steam -> ligwater/shell 9 Tube

single shell -30, 000 to be two passes

(1 - 2)

Dtobes : Ismm

ho = 11
, 000 W/m2. K

9 : 2x10"W (steam) mwater intibes
: 3x10" Kyls

mper tube : i kg/s

steumThing N = 30 , 000
↓Thin

Tcort =?
D = 25mm#Timster

ort
No = 11 , 000

m = 1kg /s al
Thort

- g = m (p
,
DT

2x109 = 1(3x10")(4197)) Tcort-25) Tcort = 362

=> NTV method :

Vir=in

-> v:



properties -> Tavg

3

=> hi Re== 4
A (25x103((855x06

= 59566 . 76

↳Turbulent

N = 0. 023 Re
** Pro" = 0 .023(59366 -76/5 (5 .83704 = 308

308 =
hi (0 . 025)

hi = TS52 . 16 WIm? K

6(3x103

V =

so in
= 4477 .84 W/m? K

Cmin = <Pc . mc = 4197(3x10") = 1 . 25x108 Wik

Un = Cmax = do

min ==

:

[max = <min (Thin- Tcin)

125x108(50-20) = 3 .75x10"w

2:
max

2:

Egle NTU = -M(1-2)

Niv = -In(1-0533) viU = 0 . 7614

NiV = UCN . 2 . A . D . L(

Chin



0. 7614 = 4477 - 86(30 , 000 x 2x5 x 0 . 025 xL)

1 . 25 x 108

L = 4 . 51 m



Hi not from slides

Ex : sat steam at atmospheric pressure condenses on a 2m high 4 3m wide vertical plate that is

maintained at 80% by circulating cooling water on the other side of the plate. Determine the rate

of condensation heal transfer & the rate of water condensate .

Tsat = 100%

Tw = 80
°

C

an
Re-ra+37x
hexkf (v2)'s hyg

*
= hfg + 0 . 68 (py CTsar-Tw]

(1 .08Rel225
-

S .2)

properties at 100 : 90

2 = 965. 3 kylm 3 Mc = 0
. 315x103 Kf = 0 . 675 Cpc = 4206

at Tsat = 100 °2 hfg = 22S7 X103

-> hyg
*

= hfg + 0 . 68 (py (Tsat-Tw)

2257x103 + 0 . 68(4206) (100 - 80) = 23142016 = 2314x103

-Re = 54 . 81 + 3 .7x2x0675xY) is
* V: Re = 1287 < 1800 examinar

h = Re · If

108Re-5 . 2
(2)

↳32 (g) su me



As = W . L = 3 . 2 = 6m

9 = hAs (Tsat- Tw)

5846(6) (100-80) = Tx10" w

m

= =os

= 0 . 303 kg/S



EX : sat steam at 1 . 4 bars condenses on the outer surface of a vertical 100mm diameter pipe ,
Im

long , having a uniform surface temperature at 950 · calculate the hear transfer rate of the

condensation process . Assume Laminar film condensation

h :0943[I
properties at

Tgat at 1 . 4 bars = 382k 10995 : 102 = 375

2
: 936 . 93 Kf : 681x103 leg = 2233 . 4x103 Su = 0 .794

V =/ Lim Tg = 109 Tw = 9

n = 0 .943936 .93(681x10333(2233 . 4x103)(1- a ) 7[
(1109

n = 3396 . 20 w/m ? K

q = nA DT

9 = 3396
.
20 (a x100x103 x1)(109- 95)

9 = 14937 . 29 =ikw



Mf = 500016/h

N = 3769 tubes

DD = 0 . 75 14BWG 12ft ->= 0 .584 in

-(08)
=

8 . 677 Ibm/fth

Re : # = 4(8 . 677) = 28 . 7

0 . 5x2 . 419

= 1 .47 [i]
h= 1 . 47 /009S(Hx] = 402 Bot. .



-

j : 5400 = 20

D = Emm

Psat = 0 . 15 bar -> i = 327k = 54%

Ts = 25% = 298

rate of condensation

q= hey

n =
0 .728 /99% /1-3re) Ka uty)

*

If (ig-TW)jD

Properties 2 = 0 . 0806 Ng = 2361 . 2x103 -> Tsat

9
: 997 . 4 k93 = 610 .2x103 Ut = /1000 . 6x102) -eat 298

997 . 4

n = 4533 . 16 clm? K

9 = GA (Tg-Tw)

9 : 4533 . 16 (5x6x103) (34 - 25)
T

= 2477 . 99

2477 .99 = m/2361
.
2x103)

m = 1 . 049x103



polished copper

D = 0 . 3 m

Ts = 118% ATexcess = TS - Tsat

from
Tsat = 100% 118-100 = 180 mont [Nucleate Boiling]

9 : Mches(1)]*is
Poperties: at Tsat = 373-15k

Mr = 279x10
*

Ug : 2257x103 g = 9 . 81 Sc : 937 . 85 2 = 0 . 5955

5 = 58 .9x103 ( = 4217 Pr = 1 :76 Csq = 0. 0128 n = 1

= = 279x10" (2257x103)(981(95780s
6 ,
7

q" = 836550 = 836kW/m2

-> heat transfer rate

q = qxH

9
= 836x103 x 10312 q = 59kW

-> water evaporation Rate (mb)

g = mp heg
5) x103 = my (2257x103) mp = 0 . 0262 kg/s



-> critical neat flux

Emax :p 4tJr(t]

Ea 1257X03((0sass)/Xx0783-039sSin

&max
= 1105984 . 301 = 1 . 1 MW/m2



E= / D = Gum

Ts = 255 %

Y sat = 100
°

C

Diexcess = 255-100 = 155

=> Film Boiling

No-D = <(g(t-y)hjI
V Kr Cis-Tsat(

hfg = hgg + 0 . 8 Cr CTS-isat(

h4 = hour" + hrad h's

->properties at isat :

Mr = 279x10
*

Ug : 2257x103 g = 9 . 81 Sc : 937 . 85 2 = 0 . 5955

5 = 58 .9x103 ( = 4217 Prc = 1 .76 Cpv = 2029

N = 0 . 62 (9 .81 (937 . 83 - 0 . 5955) (2302520) (0x03)3
"Y

&
1120(24 - 8x10

-

3)(293 - 100

nfg' = 2257x103 + 0 .8 (2029) /255-100

hyg = 2502520

N = 55 .759 = h
nconr = 230 . 47



#
Grad

:Sisat X-S

Grad = 21 . 34

hi = (230 . 479
%

3
+ 21 . 34 h'3

h = 254 . 14 Wim? K

g = nA DT

g : 254 . 14 xax6x103 x L x (253-100) g
= 742 W/m

I



Blackbody emissive powerf E = Ep(T) - independent of X

Ep =
0 Th

5 . 67 x 108 (2000" = 907200 W/m2

-> X
,

below 10 % Fox
,

= 0 . 1

( (2000)) = 0 . 1

* from tables : - Interpolation = 2195

x (2000) = 2195 1= 1 .1

-> 12 above 10 % Exzta = 1- Foz = 0 . 1

↳ Fox = 0 . 9

(XT) e fromtables = 9382

* (2000) = 9382 & 2
= 4 . 69

-> max spectral emissive power:

Wein's Law (XT(max = 1897 . 6 Mm . K

x(2000) = 2897 . 6 Amax = 1 . 45Nm

Eby(T) =
3 . 743x108

= 411986 . 65

44515[e -1 4 . 12 X109 Wim?Um



-> irradiation on small object

G = Ep(i) = 907200 wIm
:



D = 2 . ScM Ts = 500K

L= 60 ch Tsror = 1100k

2 = 0 .75

grad" = 2
.

5 (Ts"- Tsurr" (

Gad" = 0 .75 (5 .
67x108) (500" - 1100

grad" :
- 59603 . 04 WILXA = ADL

-59603xx2 .5x102x60x182

Grad = -2802 .72 W

->with convection

q" = Env + Grad

Fonv = h(Ts-Tg)

-> h for horizontal rylinders : - h = 132/
h = 1 - 32 (b = 16.

Fur = -9858 W/m2 xA

Econ = -464 . 3118 w

q =
- 464 . 3118 + - 2802 . 72 = - 3267

. 03W



Galim

# Find 24 E

5000

a = 52xGx6x
Gyx

2 to (mm)

·4Gxd + 0 . 8%Gooa G
08

jaxd
0 . 4

0 . 4 (b)(2)(500) + 0 .8(3)(5000 : = 0 . 311

i x
& (2((5000) + (10 - 2)(5000)

↳ G Diffuse emitter d= 2
&

to find E = 2 Er -> E

2 : 0 . 4 ! Ex + + 0 .8 Ebxdx
JEbx di

·
0 . 4 Fo- 2

+ 0 . 8 F2 +s

(2
,T) = (2 x 1250) = 2500 Fo - z = 0 . 162 -> from table R . 1

(xzT) = (6x 1250) = 6250 For g
= 0.757



2 = 0 .4(0 . 162) + 0 .870 .757 - 0. 162) = 0 . 540

E = EEb

E = 0 .54 x 5x67x108 x (125014 = 74730 W/m2

y + 2 +=1

y = 0 . 689

-> To find J j = E +gG

74750 + 0 . 689(45000) = 105750w/m ?

-> net heat flox g
"

q" = J - G

60750 wIm ?



-> Surface is irradiated by large surroundings at T
= 1500K En emissivity of 0 . 8

2x = 2xn
# : opaque Differe surface at 1000k

me =062x = 2 0 . 8 -

Find : 1 . E 2 .

0 . 3 - *

! xim)

= ExEbxr + &Exte di
↓ Eb + dx

·dan = 6000-6000 fast
↑

n
(xT) = 6(1000) = 6000 to -

>
= 0 .737818

2 = 0 .810 . 737818) + 0 . 3(1 - 0 . 737818) = 0 . 669

-> to find 2

↳alad -

> special use [large surroundings)

G EaCTsurr

= o.
t it

I



↓
(xT ) = 6(1500) = 9000 Gox = 0 . 890029

(xT3 = 6(1500) = 9000 fox = 0 . 890079

↓ = 0 . 8 (0 . 890029) + 0 . 3 (1-0 . 890029)

↓ = 0 . 745



independent ofO

-

# solid angle= between normal

& Radiation line

As

130 L
⑪

*=>

G ATo e r =
0

.
5 m

0 . S ↑Eagles of right triangle = 180 a r = 0 . 5 boy
180 - 160 +90) = 30

-

Al

1 Intensity in allThree directions

It = 7000 W/m? So - Diffuse surface .

2. Solid angles

W2 -l Clooking from 1821 = Az cosO2

rz

-OS(0) = 3 . 464x10 .

23-1 = Eso-Moso : 4xs

W4- :

AylosOn
= lobloSO = 4x5s



3. Heat rates at three surfaces :
-

9
- 2

= I . Apcost. W2-

7000 x 103 cos 60 x 3 . 464x153 = 12 . 14x103 w

9- 3
: I

. A , cost . W3-

7000x10 coso (4x103) = 28x10 w

9
- 4

= I A , Los O2 Wa-

7000 X103 Cos45 (4x103) - 19 . 7 xi0 w

4. Irradiation on the three surfaces :

G2: = = 12 . 14 we

GS:= In

Gu== 19 . 7 W



Y
11 = 1 .2x10 wim"So

EX2 :
opaque

screen Al = 1x10-4 = Az

y = 0.ImA jo
, 87 /An Am = 2 A,

i

i
L = 0. 2 m

X
f

x0 = 0 . Im 0 .1

343
A2=

B2+ ch 0 . 1

+0 . 12
43,1- 9-m = I ,. A

, cost Wm-

Wm - 1 = AsOm = 2x"COSCUS) = F .

07X10

20. 1 + 0 . 12

9m

= 12x109 (1x104)cos(45) x
7,07x103 = 0 . 06W

Gm =
2 , m = 0 . 06 = 300 Wim

?

Am 2x10-9

-> Gm : n Im

300 = A Im Im = 95 . 5 w/m2 Sr

2. Em-2 = InAmCOSOm · Warm

Wa-m = AE : WO"cos4S = 3 .533x10
(0 . 12 +0. (2)

95 3 x 2x10
*

x 10545 x 3 . 333x10" = 4 .77x109 W



uxn
Ex : What is the total irradiation

G= Gy by

100........
I

Soo ,

· i
I

10 is "no 25mm)

·suna b +Sant0

& (S(x1000 + 15(1000) + &(5)(1000) = 2000 Wim
<

Exi
n2

< > Az
52= 30)

ni

E = nIe M

Sy1" = n Ie r =
0 . S m

8, = 60

-

It = 1 . 5915x10" Wim" So
Al

A ,
= 10 "m2

E = 5x10"Wim >

8
. -z

= Fe . A , cogO . We Az = Sx0"m2

W2-1 : Este-cos30) = 173x10

1 . 5915x10" (10) cos60 x 1 . 73x103 = 138x10" w

:: = L75xma



Ex : find veiw factor

A3
N = 3

F = 32 = 9 An/A

S! I F -> plane surface = 0 Fz =

F2i F22 Fiz = 0 F2c = O

732 Fil + f
, z + Fi = 1 F

(2 + f(2 + fz3 = /

F13 = 1 F23 =

As Fsi = A
, Fis

Fs=
Fsi = F32

Fs1 + Fzz + Fzz = 1

533 = 1 - 283)



Ex : Find Fiz? Far

&Y
I Fiz = 0 . S

Sin F = 0 Fzz = u

Ex :

I*
find F2e

me loa

graph ( & = = S

from graph F2 = 0 . 15

=



Ex : traction of radiation leaving ; that is intercepted by surface j

Fil Fiz Az

f2 F2z
Al

Fi = E by sumation Rule Fi Fi =
fi2 = 1

-> Reciprocity Rv12 AzF2) = A , fiz

F2= Fi
half circle = >ndL

F2:N
=YArL

F21= = 0 . 637

-> F2z + F2) = 1

f22 + 0 . 637 = 1 Fzz = 0 . 363



Ex

Fi Fiz &
f2 F2z

-> F = 0 Fiz =

-> Reciprocity Azfzl =
A , fiz

(2)===0

F22 = 1 - 0 . 424 = 0 . 575

Fil Fir Fiz

[2 F2 -an
-

Fil = O Fiz = 0 . 5 Fiz = 0 . 5
- by inspection

-> Reciprocity Azfz1 = A , F12

F2 fr Ai = Lx w

Al = A ra
9

fu

:



1. 16 Ex : Heat absorbed : 9500, 000 Btu/hr Ar = 1076 . 644

Tw = 600 f gas emissivity = 0 . 427

Excess Air = 15% -> Tair = 1500

Tube Diameter = 4 . S in

Tube spacing : Sin

Length = 26ft

Number of tubes = so

Area of floe gas exit = 42 At2

Box Radiant Arrangement

G
: - Acp F Lig" -Tw")

6 = 0 . 173x108

-> < calculation center to center/tobe diameter

8) / 4 . 5 = 1 .77

from graph 2 = 0 . 915

-> Ap calculation

Acp-N . S. L

30xx26
= 520

-> F calculations : -

Aw = Ar-dAcp Ar = 1076 - 644

Aw = 1076 . 644 -

0 .915 (520) = 600 . 844772



=600 Je from chara
gas emissivity = 0

. 427

=

g
= 0 . 173x100x0 .915x520x0 . 597 x ((1500 +4601" - (600 +4601")

↳
conv from f to k

% = 6631794 . 66


