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[Sila pastikan bahawa keftas peperiksaan ini mengandungi LIMA muka surat yang
-bercetak 

dan SEMBILAN muka surat Lampiran sebelum anda memulakan
pepeiksaan ini.l

lnstructions: Answer any FOUR (4) questions.

[Arahan: Jawab mana-mana EMPAT (4) soalan.]

You may answer your questions either in Bahasa Malaysia or in English.

[Anda dibenarkan menjawab soalan sama ada dalam Bahasa Malaysia atau Bahasa
lnggeis.l
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Answer any FOUR questions.
Jawab mana-mana EMPAT soalan.

l. [a] A horizontal pipe 15 cm in diameter and 4 m long is buried in the earth with
the centre at a depth of 20 cm. The pipe wall temperature is 75oC, and the heat

lost by the pipe is 859.6 W. Assuming that the thermal conductivity of the

earth is 0.8Wm.oC, calculate the earth surface temperature.

Sebatang paip mendatar berdiameter I5 sm dan panjang 4 m ditanam sedalam

20 sm di bawah permukaan tanah. Dinding paip bersuhu 75oC, dan haba yang

hilang daripada paip ialah 859.6 l4t. Anggap konduktit,iti terma untuk tanah

ialah 0.8Wm.oC. kirakan suhu permukaan tanah.

t6 marks/markahJ

tb] A small laboratory furnace has outside dimensions of 50 cm x 50 cm x 50 cm.

The walls are l0 cm thick and made of fireclay brick (k : 0.11 W/m.K).
Determine the power required for steady operation at a temperature of 600 K
when the outside wall temperature is 350 K.

Sebuah relau makmal bersaiz kecil mempunyai dimensi luar 50 sm x 50 sm x
50 sm. Dinding relau berketebalan I0 sm dan dibuat daripada bata tanah liat
(k : 0.11 Wm.K). Kirakan kuasa yang diperlukan untuk operasi mantap pada

suhu 600 K sekiranya dinding luar bersuhu 350 K.

[7 marks/markahJ

[c] Air at 2 atm and 200oC at the inlet is heated as it flows through a tube of
diameter 2.54 cm at a velocity of l0 m/s. Calculate the:

(Jdara masukan pada 2 atm dan 200"C dipanaskan semasa memasuki .sebuah

tiub yang berdiameter 2.54 sm pada kelaiuan l0 m/s. Kirakan-'

ti] heat transfer per unit length of tube if a constant heat flux condition is

maintained at the wall. The wall temperature is 20"C above the air

temperature all along the length of the tube.

perpindahan haba per panjang tiub sekiranya keadaan fluk haba

malar pada dinding. suhu dinding adalah 20"C melebihi suhu udara di
sepanjang tiub.

[7 marl<s/marknhJ

tii] increase of the bulk temperature over a 3 m length of the tube?

peningkatan suhu pukal sepanjang 3 m tiub?

[5 marks/markahJ

2. [a] A wall with a cross sectional area of I m2 consists of 15 cm of concrete [k:
1.2Wlm.Kl,5 cm of fiberglass insulation [k = 0.038 W/m.K], and 0.95 cm of
gypsum board Ik : 0.05 W/m.Kl. T!t. inside and outside convection

coefficients are I 1.34 and 36.69 W/m2.K, respectively. The outside air

temperature is -6"C, and the inside temperature is 22"C. Calculate the:

Sebuah dinding berkeluasan I m2 terdiri daripada konlvit [k : I 2 W/m.KJ

berketebalan l5 sm, penebat kaca gentian [k : 0.038 Wn.KJ berketebalan

5 sm dan papan gipsum [k : 0.05 W/m.KJ berketebalan 0.95 sm. Pemalar

olaknn dalam dan luar masing-masing ialah 11.34 dan 36.69 Wm2'K. Suhu

udara di luar ialah -6"c, dan suhu di dalam ialah 22"c. Kirakan: 
...31-
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til overall heat-transfer coefficient for the wall

pemalar pemindahan haba untuk dinding

[iil total R value

nilai R keseluruhan

[iii] heat loss

kehilangan haba

[iv] temperature at the interface between fiberglass and gypsum board

suhu di ontara permukaan gentian kaca dan papan gipsum

p 2 marks/marknhJ

Air at 1 atm and l0"C flows across a bank of tubes 15 rows high and 5 rows

deep at a velocity of 7 m/s measured at a point in the flow before the air enters

the tube bank. The surfaces of the tubes are maintained at 65oC. The diameter

of each tube is 2.54 cm. They are arranged in an in-line manner so that the

spacing in both the normal.and parallel direction to the flow is 3.81 cm.

Calculate:

Udara pada I atm dan I0"C mengalir melalui tiub bank yang terdiri daripada

I5 baris tinggi dan 5 baris dalam pada kelajuan 7 m/s dikira pada titik aliran

sebelum udara memasuki tiub bank. Suhu permuknan tiub-tiub dikekalkan

pada 65oC. Diameter setiap tiub ialah 2.54 sm. Tiub-tiub ini disusun dalam
-aturan 

seragam dan jarak di antara arah normal dan selari kepada aliran

ialah 3.81 sm. Kirakan:

ti] the exit air temperature

suhu udara keluar
[6 marks/markohJ

tii] total heat transfer per unit lenglh for the tube bank

perpindahan haba keseluruhan per unit panjang untuk bank tiub

[7 marlcs/markahJ

A 20 m length of mild steel steam pipe has an outside diameter of l5 cm and a

wall thickniss of 0.7 cm. It is insulated with a 5.3 cm-thick layer of
magnesium insulation. Superheated steam at 500K flows through the pipe, and

the inside heat transfer coefficient is 35 Wm2.K. Heat is lost by convection to

surroundings at 300K. The sum of outside convection coefficients is estimated

to be 8 Wm2.K. Assume steady state one-dimensional heat flow with frste.t =

54 W/m K and kr.sn.riu. : 0.073 wm'K. Find the rate of heat loss for the

pipe.

Sebuah paip ketuli lembut dengan paniang 20 m, diameter luar 15 sm dan

berketebalan 0.7 sm disalut dengan lapisan salutan magnesium berkctebalan

5.i sm. Stim pemanasan lampau pada 500K mengalir melalui paip tersebut'

Pemalar pemindahan haba dalam ialah 35 Wm2'K. Haba hilang secara

perotakai ke persekitaran pada 300K. Jumlah pemalar perolalwn luar ialah

8 Wm2.K. Andaikan keadaan mantap dengan aliran haba pada satu dimensi

serta kunti : 54 Wm K dan k^o*rrium : 0.073 Wm'K. Kiralun kadar

lrehilangan haba untuk paip tersebut.
[8 marks/markahJ

3. lal
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A fine wire having a diameter of 0.02 mm is maintained at a constant

temperature of 54oC by an electric current. The wire is exposed to air at I atm

and 0"C. Calculate the electric power necessary to maintain the wire
temperature if the length is 50 cm.

Seutas wayar halus berdiameter 0.02 mm ditetapkan suhu pada 54"C oleh

arus elektrik. llayar ini didedahkan pada udara pada I atm dan }oC. Kirakan
lruasa elehrik yang diperlukon untuk mengekalkan suhu woyor sekiranya
panjang wayar 50 sm.

[8 marl<s/markahJ

A steel plate 1 cm thick is taken from a furnace at 600oC and quenched in a
bath of oil at 30'C. If the heat transfer coefficient is estimated to be 400

Wm2.K, how long will it take for the plate to cool to 100'C?

Given: k, p, & c, for the steel as 50 Wm K, 7800 kglm', attd 450 J/kg K,
respectively.

Sebuah plat keluli berketebalan I sm dikeluarkan daripada relau dan

ditindap-kejut di dalam takungan niinyak pada 30"C. Sekiranya pemalar
pemindahan haba ialah 400 Wmt.K, berapakah masa yang diperlukan oleh
plat untuk mencapai suhu 100"C?

Diberi; k, p, & c, untuk ketuli masing-masing sebagai 50 Wm K, 7800 kg/m3,

don 450 J/kg K.

[9 marl<s/markahJ

A glass plate I in Figure Q.4. [a] made from a fused qvartz material can

transmit 80% of all incident thermal radiation of wave length between 0.2 and

0.9 pm. The plate receives radiation from a source (shown as a small oval in
Figure Q.a.[a]) at a temperature of 5838'C. Assuming that the surface of plate

2 is a blackbody, calculate the radiant energy per unit area (Wm') received by
plate 2 from plate I .

Suatu plat gelas I daripada Rajah S.a. [aJ diperbuat daripada bahan kuartz

fius yang boleh memindahknn 80% daripada keseluruhan radiasi terma

pantulan gelombang di antara 0.2 dan 0.9 prn. Plat tersebut menerima
daripada satu sumber (berbentuk bujur seperti di dalam Rajah S.a.[aJ) radiasi
pada suhu 5838"C. Andaiksn permukaan plat 2 adalah badan hitam, kiraknn

tenaga radiasi per unit keluasan (Wm') yang diterima oleh plat 2 daripada
plat I.

-4-

tbl

lcl

lal4.

hE
3m

Figure Q.4. [a]
Rajah S.a. [aJ

fl2 marks/marlmhJ
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tbl Assuming plate 3 receives energy only from plate 2, how much energy is

received by plate 3?

Andaipon ptat 3 menerima tenaga hanya daripada plat 2, berapaleah tenaga

yang diterima oleh Plat 3?
[4 marks/markahJ

[c] Two parallel disks having diameters of 50 cm are separated by a distance of
12.5 cm and placed in a large room at 300K. One disk (disk 1) is at 1000K and

the other (disk 2) is maintained at 500K. Calculate the heat transfer rate from

each disk. Show appropriate diagram to facilitate your calculation.

(Given: Fr-z : 1X-1x2-+;'/'1/2,*h"r"X: (2R2+1)/R2 and R: d/2x)

Dua cakera selari bergarispusat 50 sm dipisahknn sejauh l2-5 sm dan

diletakkon di sebuah bfllr bisar pada 300K. Satu cakera (cakera l) adalah

pada 1000K dan cakera satu lagi (cakera 2) dikekalkan pada 500K. Kiraknn

kadar pemindahan haba dori setiap cakera. Tunjukknn gambarajah yang

bersesuaian untuk memudahknn pengiraan anda'

(Diberikan: Ft-2: 1X-1f -q1/21t2, di manaX: QR2+l)/R2 dan R: d/2x)

[9 marl<s/marknhJ

5. A 0.5 x 0.5 m vertical plate is maintained at2l0.5K. The plate is exposed to saturated

carbon dioxide at 1.0133 bar. Assuming film condensation occurs, calculate:

Suatu 0.5 x 0.5 m plat menegak dikekatknn pada 210.5K. Plat tersebut didedahkan

kepada knrbon dtokstda tepu pada 1.0133 bar. Andaiknn kondensasi filem berlaku,

kiraknn:

[a] the rate of carbon dioxide condensation

kodar kondensasi karbon diol<sida
fl 3 marl<s/markahJ

tb] the thickness of the carbon dioxide film at the lowest position'

ketebalanfilem karbon dioksida pada kedudukan terbawah.

fl 2 marlu/markohJ

Given:
Diberi:
pr: ll18.28l kg/m3, pe: l.7l5kg/m3, p: I .72xI0a kglm.s, h1g:343 kJ/kg

Cp,r : I.777 kJ/kg.K, Tr"t : 211.48 K, T, : 210'48 K

-oooOooo-
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Appendix
Lampiran

S"a.":0.54D:
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Nu.
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Conduction ShaPe Factors'
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radius r buried in
infinite medium
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radius r buried in semi-

infinite medium havtng

isothermal surface

Conduction between two

isothermal cYlinders
buried in infinite
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-... 
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o.83
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o--464
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t)-592
o"546
o.5"(}
()-6{)1

o"3t,5
a-2't&
o.332
o.396

o.6()4
().620
O.Cfr2
(,-544
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o-r l2
f}-254
o.485

o.7c)4
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$-632
{)-5El
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()-c753
a-22Q
o.3 17

o.'x52
a-744
o.648
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Properties of air at atmospheric pressuref

IEKC 2l3l

The values of p, k, c p:and Pr are not strongly pressure-dependent

and may be used over a fairly rvide range of pressures'

7"K
p

kg/mt
cpt

kl/ks . K
1r x LOs,

kg/m . s
u x 106,

m2 ls
k,

W/m.K
cr x 104,

nrz/s Pr

100
l -50

200
250

-100

_350

400
450
500
550
600
6s0
700
750
800
850
900
950

I 000
I r00
| 200
| 300
r400
1500
r 600
r 700
| 800
1900
2000
2100
2200
2300
2400
2500

3.60 r0
2.3675
1.7684
1.4128
t.L7t4
0.9980
0.8826
0.7833
0.7048
0.6423
0.s879
0.5430
0,5030
0.4709
0.440s
t).4t49
0.392s
0.3716
0.3524
0.3204
0.2941
0.2107
0.2515
0.2355
0.z2Il
0,2082
0,t970
0. l 858
0.r762
0,1682
0. I 602
0.1s38
0.1458
0.t394

1.0266
i.0099
1.0061

L0053
r.0057
1.0090
1.0140
|.0207
L0295
1.0392
1.0551
1.0635
t.0757
t.0856
l,0978
r.1095
1.1212
r .1321
1.1417
t.160
1.179
t.tgl
t.214
1.230
t.248
r.267
r.287
1.309
1.338
t.372
|.419
r.482
t.514
1.688

0.6924
r.0283
t.3289
1.5990

r.8462
2.0'ts
2.286
2.484
2.611
2.848
3.01 I
3.117
3.332
3.481
?.625
3.165
3.899
4.023
4.t52
4.44
4.69
4.93
5.t7
5.40
5.63
5.85
6.07
6.29
6.50
6.72
6.93
7.14
7.35
7.57

r.923
4.343
1.490

1 1.31

15.69
20.16
25.90
31.71

3'7.90
44.34
_5 r.34
58.-51

66.25
13.91
82.2r)

90.7s
99.3

108.2
I 17.8
138.6
r 59.1
182.1

20-s,-5

229.1

254.5
280.5

308. I

338.5
369.0
399.6
432.6
464.0
504.0
543.5

0.009246
0.013735
0.0 r 809
0.t]2227
0.02624
0.03003
0.0336s
0.03707
0.04038
0.04360
0.04659
0.049s3
0.05230
0.05509
().05179

0.r)6028
tJ 0(t279
0.06525
0.06752
0.0732
0.0782
0.0837
0.0891
0.094(r
0. r00
0.105
0,111

0.1 17

0.124
0.131
0.139
o.149
0.161
0.175

0.02501
0.0-s745

0.10165
0. l -5675
0.22160
0.2983
0.3760
0,4222
0.5564
0.6532
o.1512
0,8578
09672
t.o114
1.19-51

|.3091
t.4711
1.5510
1.6179
1.96c)
2.251
2.583
2.920
3.262
3.609
3.971
4.379
4.81 I
5.260
5.115
6.r20
6.540
7.020
7.441I

0.770
0.753
0.739
0]22
0.708
0.6ei
0.689
0.683
0.680
0.680
0.6ti0
0.682
0,684
0.686
0.689
0,692
0.696
0.699
0J02
o.704
0.707
0;70s
0.705
0.705
0.705
0305
0.704
0:704
0.702
0.700
0.t07
0.710
0.718
0.730

...31-
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Subscripts: b : brrlk letnPcraturc" /
trr - rvell tsmp€rstLre

: film rE.ilrpcratunE r * : Frcc atresm tetnlEramrc"

Resrr|ct&ons

Tube flow

Tubc flow

TEbe flsrrr.
e|r]r nee
r€€!i6n

1.ilrlv ttCFtOES

rlrltv tt::t

Gcwetry
T[be flour Nu.r - O.OA3 Re$-'nfr'

Nu :0-0?l-*(Rc{r'c - loo}I'ro'*

Nu : t)-ol2(Reo'rr - z8o)Fro$

l'hrtt 1141965
lrrl'n. lutnks

Nurr - O-Oe" Re:f

Nufr4r(tl*/lr)mr : l -2+ o-53 Rc$54

Nu:
z I <o.c REl,2 + 0-06 n*3/tl x Pf414roo lrt-)rta

Nu;,-CR#i-"*Prfr
Candn
froo lb.hlc 6-4

, 
a,r, - o.o2? ss$-r prr,rr (*)"'t-'

Nu., - 0.o36 Re],t prrrs (f )t*t-
See slso Figs- 6-5 rnd 6S

Fully dcvcloPed
turtulent ffow
n : O,4 for heeting.
a - O-3 fur cooling.
t).6<ft<10o,
25{X}<Re<l'25xlOF
o.5 < Pr < l'5.
toi<Re<5><lo6
l.5 < Pr < 5O{l'
3(XXl < Re < 1(}6

Fully develoPed
tutrtrlenL 6o.rv'

Tl.rttr'rrlent fl<nv
,

to<=<4OO
EI

Fr - O.7 (gascs).
l?<Re<?O,(lm
Btaeer and oils
I .< Re < 2S0.OO(}
ProttGftics Et foo

O.?<Fr<38O,
3.5 '< Rc < $0"060.
Propcrtics st Toc

Scc tGr(t

use fiDr isotherrnal srrrfacesConstants for
Gr;rPry C

GeornetrY

Vertical Planes and cYlinders

Horizootal cYlinders

lo- ! -l C,4

l04-1oe
loe-l0r3
I oe-1o13

o-ro-s
1()-5-l04

104-loe
loe-1^or2

lO- Io-1 O-2
1o-2-lo2

102-lc4
l04-107
l07-1ot2

x lo4-8 x lo6

x l06-lol I

lo-5-1ol I

l04- I 06

l)se Fig.7-7
o.s9
o.o2l
o.10
o.4

IJse Fig. 7-8
o.53
o.13
Q.6'75
r.o2
o-850
o.480
o.r25
o.54

o.ls

o.2'7

o.775

Use Fig. 7-7
I
4
2
3
I
5
o

Use Fig. 7-8
l,
4
I
a

o-05a
o- 148
o-1aa

t
1
I
5!4
I
3

l_
4

o.2l

...4t-

IJpper surface of heated Plates
oitoot"t surface of cooled Plates

LJpper surface of treated Plates
oitlo*"t surface of cooled Plates

Lower surface of treated Plates
or utr>per surface of cooled Plates
Werdcal cylinder'
height - diarneter
Characteristic length: diarrreter



Svstem of unit conversion

Quantity Equivalent unit

Mass I kg:1000 g:0.001 metric ton=2.20462Ib :35-27392 ounces
-nt

I Ib : 16 ounces:5x10 tons = 453.593 g = 0.453593 kg

Length 6 tu
I m = 100 cm : 1000 mm : l0 pm : l0 angstrom :39.37 in
:3.2808 ft : 1.0936 yards :0.0006214 mile.

Volume 6 3 6

lm =1000L:10 cm =l0ml
3

=35.J145 ft:264.17 gal
JJ-J

I ft = 1728 in : 7.4805 sat = 0.028317 m
3

= 28.317 L : 28317 cm

Force 5 5

lN=lkg.m.s:10
I Ib = 32.174Ib ft.s

dyne = l0 g.cm.s = 0.22481 Ib-
f

= 4.4482 N

-2

Pressure 525l
I atm = 1.01325x10 N/m (Pa) = 1.01325x10 kgl(m.s ):760 torr
: 760 mmHg = 14.696 psi = 1.01325 bar

Energy 7 -,
I J:1 N.m : l0 dyne.cm =2.778x10 kW.h:0.23901 kal

-4

= 0.7jj6 ft-Ib = 9.486x10 Btu
J

Power
-4

I W = I J/s : 0.23901 cal/s = 0.7376 ft-Ib/s : 9.486x10 Btu/s
f

-3: 1.341 x l0 hp

Properties of saturated steam

-4- IEKC 2l3l

Gas constant Other constants
J

8.314 m .Palmol.K
0.08314 liter. bar/mol.K
0.08206 liter.atm/mol.K
62.36 liter.mmHg/mol.K

3

0.7302 ft atm/Ib-mole.oR
3

10.73 ft .psiaAb-mole.oR
3

82.06 cm .atm/mol.K
8.314 J/mol.K
1.987 caUmol.K
1.987 Btu/Ib-mole.oR

-J4

h = 6.625x10 Js (Plank's constant)
-8

o : 5.669x10 (Stefan-Boltzman constant)

rcc) P (bar) V (m"/l<s.\ U (KJlkel H (KJlkel
V, V. U, U" H, Hn HN

l0 0.0t227 0.00r000 106.4 42.0 2389.3 42.0 2477.9 2519.9

20 0.0234 0.001002 57.8 83.9 2403.0 83.9 2454.3 2538.2

30 0.0424 0.001004 32.9 r25.7 2416.7 125.7 2430.7 2556.4

40 0.0738 0.001008 r9.55 167.4 2430.2 t67.5 2406.9 2574.4

50 0.1234 0.001012 12.05 209.2 2443.6 209.3 2382.9 2592.2

60 0.t992 0.001017 7.678 251.1 2456 251.1 2358 2609

70 0.3117 0.001023 5.045 293.0 2469 293.0 2333 2626

80 0.4736 0.00r029 3.408 334.8 2482 334.9 2308 2643

90 0.7011 0.001036 2.361 376.9 2493 377.0 2282 2659

100 r.0t3l 0.001044 r.673 419.0 2507 419.0 2255 2674

I/= specific Yolume U= specific internal energy trI = specilic enthalpy

...5t-
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IJ

Jfittr

1{n0
t t00
rfin
1300
l4tn
1500
1600
1700
180CI

1900
t000
2lot}
t200
1300
14{10

t500
26{X)
2700
2800
29frr
3000
3100
3300
33W
3400
35ffi
3tro
3700
3800
3900
400t1
4lm
4200
4fi00
l|{{xl
4500
4f00
4700
4ffi
4900

mifft xl0rr

,E'u./rt
w

mtffsJmxt0tr

Eo*
dTl

€o".
dlf{

q*/1
w

IT

IffiJT

0.0211$
0.04946
0.09329
0.r5?24
0.:3932
0"33631
0,++359
0.55603
0.66S?1
0.?7736
0.s?s58
s.96994
1.0499U
I.l l?68
1.f 7314
1J1659
1t4868
1,27t129
1,28342,
t.28612
1.28245
L27?d,2
I.25?04
IJ3711
l.?1352
l.1E6B5
r"r5$06
l"l2?s9
[.0s5d4
l.ffit6l
1.02927
0.99571
0.961?0
0"92W2
0.ff9607
0.8ffi76
0.s3213
il.ffiLz/-
0"77117
0.74197

0.0003?
otxlogl
0.00213
s.0s432
0.0s7?9
0,012fr5
0,01973
0.02R53
0-039s4
0"s5?10
0.s6672
0.c8305
0.r0$8s
$.u{mx
0.t402s
0"16H5
0.rsnl
0.?0535
0.22788
0.2s055
0.n322
0J9576
0.51809
0.34009
0.361??
0.3&290
0.4035S
04x375
0,44t36
0.{6ltl0
0,,t8085
aAga,frE
0.$1599
u.53267
0.548n
il,1ffiW
s.57925
0.s9366
0.60?53
0.62{ts8

5l{t0
5?,m
53ffi
54CI0

5500
56CI0

5700
5800
5lm
6000
6r00
6?0s
6300
f4tp
6500
ffil
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6800
6900
76fl0
7100
?100
?300
7400
?500
?600
rt0CI
7S00
?900
$0fl0
8t00
82ffi
83@
8400
s500
8fffi
8?00
s800
s900gffi

0.6962S
s,6fs83
o.634gl
0.609?-4
0.58608
0.56332
0.541d6
0.52CI46
0J0030
0.480$6
0.46342
0.{4464
s.42?60
0.41l?8
{t.39564
0.38$66
0.36631
0.3$256
0.339/{0
0.33679
0.31471
CI.30315
a.zgzw
0.28146
fi.a?lZ9
0.?6155
0.25291
0,24326
0.?346ff
0.2264S
0.?1fi5?
oJltrol
0J037S
0.19679
0.r.901I
0.18370
0.I7755
0.r?r64
0.16s96
0,16051

0.6df06
u,fis794
0"66915
0.68S33
0.69,09?
0.70101
0.7rsr6
0.72012
0.?1913
0.73778
0.?4st0
0.75d$10
$.?5tso
0.76920
0.77631
0.7&?16
CI.7E9?5
0.79609
0"80319
0,8CI807
0.813?3
0.81918
6,glrl{3
0.82949
o83436
0,83ffi
0.84359
0.84?96
0,E52tE
0.85625
0.86017
0.ff63 6
0.B67ft
0.8?l15
0,874$6
0.8??&6
0.88105
0.88413
o,ffi?ll
0-889S9
0.89A??
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Bdiafm fimsnon (cmtinw)
f EorlTt Ero-,*

w@wdrn
tflrs\ 

-F: 
-.-- trrrg%nxlg-l4II

0.00152 0'9?620

9300 0.I4S40 0.s980? 16S00 0.04063 0'97694
g{fi) CI-14CIT5 0,90s60 1?000 0.01979 0.9?765

9$00 0.136g? 0903sil 1?20CI 0-01899 0.9?s34

gffi s'1319? 0'90541 1?400 0.01s23 0.9?s99

9?00 0.12?83 0.90?7CI 1?f00 0.01751 0.9?9f2

9$00 0.123s4 0.90992 l?800 0.01682 0.98023

9900 0.12001 0.9120? lsffio 0.0161? 0.9808I

10000 0.it632 0.91415 18200 0.01555 0"98137

104CI0 0.10934 0.9t813 1s400 0-01496 0'9819t

104s0 0.1028? s.e3t88 '18600 0'01439 0-98a+3

10600 o.opot5 0"92540 18s00 0'0138s o'e8393

10800 0.{lpl26 0.e38?? 19000 0-01334 0'98340

110000.086060.931&4192000.0I2E50.98387
I l?txl o.onrct 0.934?9 1ff00 0.01238 0'984d1

I t400 0.0?6?0 0.93?58 1$600 0.01193 0.98474

11600 0,0??49 0,$402t 19S00 0'01 l5l 0.98515

11800 0.06856 0.942?0 20{100 0'01110 0.98555

lt{no 0,0648S 0.94505 ?1000 0.00931 0't8735

12200 0,ffi145 0,94?28 22000 0.00786 0'9E886

12400 0.0,5833 0.94939 z3CIfi) 0.00669 0'99014

l?600 o.orsza 0.95[39 24000 0.0057? 0'99123

12s00 0.05240 0.95329 25000 0.00492 0'99317

13000 0.04976 0.9550fl 16S00 0'00if25 0'99t97

13200 0.04?28 0.956S0 27000 0'00370 0'9!136?

13400 0.04494 0.95S43 ?s000 0.00324 0'99429

13600 C.oa2is 0.95998 29000 0.00*M 0'99482

13800 0.fis69 0.96145 30000 0,00250 0'e95?9

t+ffio 0.038?5 0"9628s 31000 0.CI0221 0.995?l

14200 0.03693 osf,*ls 32000 0-00196 0'99607

l{400 onrszs 0.96546 330p0 0.m175 s.9964t}

14600 0.03358 0'9666? 34ffi0 0'm156 0'9966p

lil$(l0 0.03205 0.96?#i 35000 0.00140 0'99695

15000 o.orogo 0.96E93 36000 0.00126 0'99719

15200 0.03923 0.96999 37000 0.00113 a'997dp.

154{to $.$2?94 0.9?100 38m0 0.00103 0.99?59

15f00 a,wlz 0,9?196 39000 0.00093 as9776

15800 0.{t2556 0.97?88 40000 0-00{H4 0syl92
t6000 0.0f,114? 0.973?7 41000 0.frx'77 0.90806

16400 0.0?343 0.9?461 42CI00 0.00trI0 0.99819

,, id{00 ., ,,s.oiz*i o.gEias 1s000 0'0q$n4 0'99811
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Radiation shape factor for
radiation between parallel
disks.
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Ecr=#*
Uf =Ct

t{r'/st = r.+rRs-tr
h,

r, - 4itt
IsFr = 

;;

;*[u."'{t-|. '+?)
?, h Ft.a
\t =- =-,+4
Re - D'6

p
tl-

Q =-r-
A

hSt=*
GCo

i = o.ea3l 
P'(P',-.e)qn*lf'''r.-w.=.rlffil

mgRsqs:' 30 < Re, 51800

AY

dT
p=+

Gr = P'sf{..0rr'rd'
It'

n = {ffi],"', 
whcre H.726(oa nrbe}, cd).i55 (in nftG)

' 
= hlL +0,375c nr{{* - ti )
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n = O,hul

; Reo > tr800
8750 + 58Pra'5

h# =hr*r,# +h*hv'

. ck,l sb, - P,b*D'lu'n*n= nl6 1

C : A.62 {hori linder).0.67

'r--T*

*=2.253(44,)'* 
t#m' i2 < p< 6atn

*= 2&3.2pqt (ar")' s[/m2 ;8 < P < 14 affn

h =2.s4(a1:f eeltr5t

ft=e.esr{ar;}3s

Table l: Radiation firnctiou (continue)

]rT

tarrK

Eo^ /Tt
lIT

Er*^,
dro

m'Ko lmx l0rt
44000
45000
46000
47000
48000
49000
50000

0.00059
0.00054
0.00049
0.00046
0.00&+2
0.00039
0,00036

0.99842
0.99851
0.99861
0.99869
0.99877
0.99884
0.99890
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