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Beryllium
Bismuth
Boron
Cadmium
Chromium
Cobalt
Germanium
Gold
Lithium

at 27°C

at 27°C

at 27°C
at 27°C

HEAT AND MASS TRANSFER DATA BOOK

PROPERTY VALUES OF METALS AT 20°C OR AS INDICATED

68.30 x 10°¢ 1750 205.0
6.59 x 10°% 122 7.9
10.90 x 106 1047 28.6
48.50 x 10°¢ 231 97.0
29.00 x 10 440 69.8
20.24 x 10 389 69.8
34.70 x 107 322 59.9
126.90 x 106 129 317.0
50.30 x 106 130 147.0
42.70 x 1076 339.1 68.6
2.20 x 10 486 7.8
23.60 x 106 265 53.7
24.50 x 1078 244 71.8
25.00 x 106 133 69.8
161.86 x 106 741 100.0
48.60 x 105 248 150.0
113.60 x 10-¢ 1206 109 3
93.40 x 106 703 153.0
39.11 x 106 118 54.0
8.00 x 106 611 15.12
68.5 x 106 132 174.0
12.70 x 106 113 97 4
| 1030x10% 502 34.9
ol ~ 12.80x 106 272 22.7

1J/kg K = 2389 x 10 keal / kg °(
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THERMAL CONDUCTIVITY OF SOME COMMON MATERIALS
AT 25°C, k = W/mK = 0.85984 kcal/hr m °C

Acetone 0.16
Acrylic 0.2
Alcohol 0.17
Aluminium 2024, temper 351 143
Aluminium 2024, temper T4 121
Aluminium 5052, temper H32 138
Aluminium 5052, temper O 144
Aluminium 6061, temper O 144
Aluminium 6061, temper T4 154
Aluminium 6061, temper T6 167
Aluminium 775, temper T6 128
Aluminium A356, temper T6 128
Antimony 18.5
Argon 0.016
Asbestos-cement board 0.744
f‘f-m-cement sheets 0.166
2.07
S 0.15
mill board 0.14
0.17
0.18
1.31
0.69
0.15-0.18
0.6-2.5
1.06
0.07
| 0.03

| 0.029
afi ‘B ,06

Foam Glass

Gasoline

Glycerol

Hard board-high density
Hard woods (oak, maple)
Kapak insulation

Kovar (54% Fe, 29% Ni, 17% Co)
Lime stone

Magnesite

Mercury

Methane

Methanol

Monel

Nylon 6

SAE 50, Oil

Olive Oil

Perlite, Atm. Pressure
Plywood

Polyethylene HD
Polypropylene

PTFE

PVC

Rock solid

Rock porous, volcanic, (Tuff)0
Sand stone

Silica aerogel

Silicone oil

Snow (<0°C)

Solder soft (95% Pb, 5% Sn)
Solder hard (80% Au, 20% Sn)
Straw insulation

i Tissue, human skin, at 27°C

Fat layer, at 27°C
Muscle, at 27°C
hane foam

0.045
0.15
0.28
0.15
0.16
0.034
16.3
1.26-1.33
4.15

8

0.030
0.21

26

0.25
0.15
0.17
0.031
0.13
0.42-0.51
0.1-0.22
0.25
0.19
2-7
0.5-2.5
.7

0.02

0.1
0.05-0.75
32.3

57

0.09

0.37

0.2

0.41

0.021

0.25




PROPERTY VALUES OF SOME NON METALLIC SOLIDS

P i B R R

r
? Material

Aluminium oxide, Sapphire
Aluminium oxade, Sapphire
Aluminium oxade, Sapphire
Aluminium oxide, Poly crystaline
Aluminium oxide, Poly crystaline
Aluminium oxide, Poly crystaline
Aluminium oxide, Poly crystaline
Beryvllium oxide

Beryllium oxide

Beryllium oxide

Beryllium oxide

Beryllium oxide
‘ijhlllﬁhneepoxyconqxsne13&% 'ol.)

fa-’;m Thermal
k
Wik

27 L 27
127 DZA

327 129
527 128
27 1)
127 25 4
327 152
527 10.4

— P

Zi ZiZh
127 1969

o o, - a=a £
S 111 89
s —_—
:J“ 153 5)
—— A" £
IA‘ e L

NN N

K

-

’

- 1 Oof

f| 1 05
127 1.59
B e
YA 2.19
e vl
Ty 2.5
7 x5 f off
Zi 2500
sp* -
127 44
'y i - -
Zi 1954
)= 2 lud
127 1290
LTS el - 4
SZi 92
P47 ol >
aZi 667

TR R

Dienaity

S
. - -

LPAR

N
OV W\ ¢



HEAT AND VIASO I RANOIFER UATA DUQ
PROPERTY VALUES OF SOME NON METALLIC SOLIDS ( ontd. )
~ Silicon carbide 2 490 3160 675
~ Silicon carbide 727 87 265—0 1 ;22
" Silicon dioxide, Crystalline, (Quartz) 27 10.4
axis
m:: :Z axis 127 7.6 — 885
Silicon dioxide, Crystalline (Quartz)
Parallel to axis 327 5.0 — 1075
Silicon dioxide, Crystalline, (Quartz) 527 4.2 = 1250
Parallel to axis
Silicon dioxide, Crystalline, (Quartz) 27 6.21 — 745
Perpendicular to grain
~ Silicon dioxide, Crystalline, (Quartz) 127 4.70 — 885
[ P 1'allartograjn
~ Silicon dioxide, Crystalline, (Quartz) 327 3.40 _ 1075
- Perpendicular to grain
n dioxide, Crystalline, (Quartz) 5217 3.10 - 1250
pendicular to grain
| 1.38 2220 745
1.51 L= 905
1.75 2158 1040
217 L 1105
16 2400 691
13.9 i 778
e — 937
el - 1063
0.206 2070 708
0.185 oo 60
13 9110 235
10.2 5 255
6.6 a 9274
4.7 4 985
3.68 f 99-
8.4 4157 710
7.01 i v
5.02 0 a0
3.94 — 910
—_— Pas = 930
‘1,9 x 10°% keal / kg °C Thermal diffusivity o < b /




Asphalt
Bakelite
~ Refractory carborundum brick
~ Refractory carborundum brick
~ Chrome brick
Chrome brick
peous silica brick, fired
y brick burnt at 1327°C
y brick burnt at 1327°C
» Iz brick burnt at 1327°C
ay brick burnt at 1452°C
ay brick burnt at 1452°C
y brick burnt at 1452°C

BT —

*C

27
27
599
1399
200
550
900
205
872

500
800

1100
500
800

1100

PROPERTY VALUES OF COMMON MATERIALS
3 : :

Thermal  Density

Conductivity p

k kg/m?®
WimK

0.062
1.40

18.5 -
11.0 —

23 3010
2.5 —
2.0 —
0.25 —_
0.30 —

1.00
1.10 =

1.10 v
1.30
1.40 -




PROPERTY VALUES OF COMMON MATERIALS (Contd.)

Chicken meat, white
(74.4% water content)
Chicken meat, white
(74.4% water content)
Glass, plate (Soda lime)
Pyrex glass

lce

fce

Leather
- Paper

Paraffin

iﬁi-ln

sole

10

20

27
27

-20
27
27

27
27

27
27
27
27
27
27
27
27

27
127
27
27
27

0.48

0.489

1.4
1.4
1.88
2.03
0.159
0.180

0.240
2.790

2.150
2.80
5.38
2.90
0.13
0.16
0.27
0.52

0.049

0.190
0.35
0.45
0.37
0.20
0.41

2600
2226
920
998
930
900
2630
2320
2680
2640
21560
1100
1190
1615
20560
110
500
2200

T—
—
—

—

TE0)
Hih
20441
1941

1340
2890
775
810
830
1105
746
2010

B0
1840

238
280!

2380
2720
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PROPERTY VALUES OF INSULATING MATERIALS AND SYSTEMS AT 27°C

B Density ~ Thermal Specific
e Material p - Conductivity Heat
B kg/m?® ; k ¢
e | WimK JIkgK
Blanket and Batt
Glass fibre, paper based 16 0.046 —
Glass fibre, paper based 28 0.038 -
Glass fibre, paper based | 40 0.035 —
_ Glass fibre, coated, duct liner | 32 0.038 835
~ Board and slab
~ Cellular glass | 145 0.058 1000
ass fibre organic bonded | 105 | 0.036 795
Polystyrene, expanded, extruded | 55 | 0.027 1210
ystyrene Moulded Beads 16 | 0.040 1210
eral fibre board, roofing material 265 | 0.049 =
shredded and Cemented 350 | 0.087 1590
120 | 0.039 1800
anulate 160 0.045 -
eous silica, Coarse 350 | 0.069 -
us silica, Powder 400 | 0.091 i —
or blown | 0.043 835
| 0.068 835
{ 0.063 1000
|
| 0.046 i
|
0100 -
| 0.026 1045
160 x 10
17 x10¢ i

6 ,:, :.' o L 1.7 x 107 il

IJ/kgK=23n‘;.9 x 10
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PROPERTY VALUES OF INDUSTRIAL INSULATING MATERIALS

Material

Evacuated super insulation
BLANKETS :

Alumina silica fibre blanket
Alumina silica fibre blanket
Alumina silica fibre blanket

Alumina silica fibre blanket

Alumina silica fibre blanket

Alumina silica fibre blanket

Alumina silica fibre blanket

Alumina silica fibre blanket
Elastemeric Sheets

Felt blanket, semi rigid

Felt blanket, semi rigid

Felt blanket, semi rigid

Felt blanket, organic bonded

Felt blanket, organic bonded

Felt blanket, organic bonded

Felt blanket, laminated without binder
Felt blanket, laminated without binder
Felt blanket, laminated without binder
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket, organic bonded
Fibre glass blanket with vapour barrier
Mineral fibre blanket

Mineral fibre blanket

Density

p
kyg/m?

Variable

48
48
64
64
96
96
128
128
70-100
50-25
50-25
50-25
50
50
50
120
120
120
12
12
16
16
24
24
32
32
48
48
5-170
10
10

Temperature

°C

-240 to 1000

147

257

372
27
92
27
92
27
92
27
92
27
92

10-32

12

I W/mK = 0.56 keal/m hr °C

Thermal
Comluctivity
k

WimK

1.5x 104 -720 x 10 ¢

0.071
0.150
0.059
0.087
0.052
0.076
0.049
0.068
0.036-0.039
0.035
0.038
0.051
0.030
0.038
0.051
0.051
0.065
0.087
0.046
0.069
0.042
0.062
0.039
0.053
0.033
0.048
0.033
0.045
0.029-0.045
0.040
0.043




PROPERTY VALUES OF INDUSTRIAL INSULATING MATERIALS (Contd.)

T Density  Temperature

| |
Material '. . ]
p i C . Conductivity
kglm? ! k i
‘ % . WmK
| Mineral fibre blanket 10 | - §.048
- Mineral fibre blanket i 10 ‘ 37 0.052
~ Mineral fibre blanket  90-192 | 37 0.038
~ Mineral fibre blanket \ 90-192 | 92 0.046
Mineral fibre blanket 90-192 147 0.056
Mineral fibre blanket, metal reinforced \ 40-96 | 37 - 0.035
Mineral fibre blanket, metal reinforced \ 40-96 92 - 0.045
Mineral fibre blanket, metal reinforced . 40-96 ; 147 . 0.058
‘Mineral fibre blanket, metal reinforced . 40-96 l 257 : 0.088
~ BLOCKS ; Board and Pipe Insulation : | | |
s paper laminated and corrugated 4 ply | 190 1 217 0.078
s paper laminated and corrugated 4 ply 190 l 92 0,098
s paper laminated and corrugated 6 ply 255 l 217 0.071
s paper laminated and corrugated 6 ply 255 & 92 0.085
tos paper laminated and corrugated 8 ply 300 | 27 1 0.068
os paper laminated and corrugated 8 ply 300 ' 92 ‘ 0.082
' icate Blocks 190 l 37 0.055
icate Blocks 190 92 0.059
ate Blocks 190 ‘, 147 0.063
S Blocks 190 257 . 0.075
: 145 | 33 0.048
145 | -3 0.052
145 | 27 0.058
145 92 0.068
345 257 0.092
345 372 0.098
385 | 257 0.101
385 372 0.100
430 37 0.071
430 92 0.074
430 ‘:l 147 0.088
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PROPERTY VALUES OF INDUSTRIAL INSULATING MATERIALS (Contd.)

Insulating Cement-mineral with hydraulic binder 560 37 0.108
Insulating Cement-mineral with hydraulic binder 560 92 0.115
Insulating Cement-mineral with hydraulic binder 560 147 0.123
| Magnesia, 85% blocks 185 37 0.051
Magnesia, 85% blocks 185 92 0.058
Magnesia, 85% blocks 185 147 0.061

Mineral fibre preformed blocks 125-160 upto 650 0.035-0.091
Polystyrene, rigid, extruded 56 =73 0.023
Polystyrene, rigid, extruded 56 -3 0.025
Polystyrene, rigid, extruded 56 27 0.027
~ Polystyrene, rigid, extruded 35 = 0.023
- Polystyrene, rigid, extruded 35 —3 0.026
ystyrene, rigid, extruded 35 27 0.029
olystyrene, Moulded beads 16 L4 0.026
ne, Moulded beads 16 i3 0.036
ne, Moulded beads 16 27 0.040
difrmed 70 L 0.029
70 27 0.032

100-150 | 0.016-0.020
27 0.039
37 0.042
-3 0.036
-33 0.043
. 0.49
27 0.053
-43 0.056
-3 0.063
=27 0.068
-43 0.049
-3 0.058

a7 0.063 |
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HEAT AND MASS TRANSFER DATA BOOK

PROPERTY VALUES OF INSULATING, BUILDING AND OTHER MATEIIATLSD

- Temperature Thermal -~ Denwsity Bpevifie
Material j t Conductivity P Heal
' e k kglm” v
WimK dhgk
Aluminium foil 50 0.0466 20
Asbestos, fibre 50 0.1105 | 470 %16
Asphalt 20 | 0.6978 | 2110 2094
Balsa wood 30 0.0523 g 124
Boiler Scale 65 1.314-3.1400 |
Building brick 20 0.2330-0.2910 | 80015600
Chrome brick ‘ 200 2.320 J 3000 $40
- Chrome brick } 550 2.470 | 3000 40
- Chrome brick ' 900 1.990 | 3000 #4410
Corrugated card board | 20 0.0640 | -
‘ 20 0.0465 , 215
 Cell 30 0.2093 1400
50 0.9304 ; 2000 “74
30 0.1628 | 1400 1675
20 0.1861 1400 1306
100 0.1907 ; 419 1214
20 1.2790 ‘ 2300 1140
20 0.0384 | 45
30 0.0419 | 190 1454
== 0.1384 1600
s 0.6571 ! 1700 2010
20 0.0489 | 240
100 0.1396 1 550
20 0.7443 ‘ 2600 670
20 0.0372 j 200 G70)
20 0.3605 ! 1840
20 0.00279 ‘ 2630 776
—_ 0.2908 1660
‘ 2.2500 920 2201
3.9540 1172
0.1477 190
0.15693 1000
0.1861 1150
76 216

10 % keal / kg C Thermal diffusioity, o

’,



HEAT AND MASS TRANSFER DATA BOOk

PROPERTY VALUES OF INSULATING, BUILDING AND OTHER MATERIA] §

. Marble
Mica
Mineral wool
Oak, across gram
Oak, along grain
Paraffin
Pont, plate
l"‘-lﬂﬂum(nﬁh\

~ Pine, along grain

1065
20
30

450

2.9400
0.5815
0.0465
0.2070
0.3629
0.2675
0.0640
0.1070
0.2559
0.7792
1.0350
1.9650
0.1570
0.3024
7.2110
13.607

1.036
0.1628
0.3256

1.128
0.698
0.1163

(Contd,)
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MEAT AN WSS TIANIRI A0 f iy,

I

PROPERTY \ A1 1

e ressa

5 e

I

3 !
TRNLL

it

jErfe el
o ae L

F

N OF THANSFORNEI O IS EANDA KL 'he

e 2
Ty |

b ity

=80 1 922 131800 x 109 | 742x 10" | 4us60 5 10 10h UL L E T
- 40 916 4220100 | 7RO 10 | AGH0 x 10 161l UL L XE
S0 910 | 1800x 100 | 7hAN 100 | 17005 100 | 16R0 0 VA4 2 44
3 -20 904 404 x 100 TTRx10Y AU x 1) i h I 14 WAk v
=10 898 120109 | 788 % 10 164 17 wims |0 I L AN
O 1 891 | 675104 | 77Ax109 | BOTx 100 | wMIB | OE | Wk,
10 885 78100 | 768 % 109 49.6 x 10 Y ubih | i LR
20 | 879 240x109 | 786 % 109 4.6 x 10 ¥ LT ’ Hi ARUFET
30 | 873 | 164x10° | 709x10° | 218x10° | u4ms 0000 | 1544 4
40 867 10.8 x 109 GB.8 x 100 16,7 % 1) UATA i 01 91464 » W

L WImK = 086 heal/m hr *C 1.0/kg K = 2354 » 10" bwal gt I Wl « 40 143 byt 1,

_PROPERTY VALUES OF MOBILTHERM 600




TRANSFER DATA BOOK

of
v, r i S

PROPERTY VALUES OF n-BUTYIL, ALCOHOL, (( ',‘llm())
Temp. L - je Kinematic Thermal  Prandil Specific  Thermal — Absolute
Visconity  Diffuwivity  Number Heat  Conductivity  Viecosity

v ‘ o rr « h y
mils  m'l gk WimK N wim”

16 809 41610 1691107 0.261 1406 0,164 B.96 2 107
38 796 | B1x10° | 241x10°% | 1498x10"  0.161 2 0166 1927 107
66 777 86 x 109 1.29%10% 14062107 00916 1502 0.164 1007107
93 756 0.76 x10%  134.0 210" 0.066 1600 0.164 0672107
1175 | 1787 053x10% 1296107 0041 1706 0.163 0.0 7 107
149 1 1430 0.2% 2 107

1 W/mK =0.86 kcal/m hr °C  1J/hg K = 235.9 » 10" heal |y I Nelm” 0102 kgfs !l

PROPERTY VALUES OF MOLTEN SALT (EQUIMOLAR KN( ), 54%, NaNO, 46% )

) ermal  Prandtl Specific  Thermal Absolute

al J ity  Number  Heat  Conductivity Viscosity
ST A (R k ; m
JIhgK %n WimK ; N sim?*
_ ! I:l

7.12 1645 0512  2217x10%
668 1633 0513 21004107
629 1621 05156 1997.10°
594 1610 0517 1906 x10°
. 0519 18262107

0521  1.756%10°
0523  1.692x10°
0525  1.636x10°

}: :m#w

A Natm® = 0102 hgfs '

1
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PROPERTY VALUES OF HEAVY WATER (D,0)

—
|5 Molecular Weight : 20.033 Critical Temperature : 371.5°C
' Freezing Point : 3.82°C Critical Pressure © 21.44 x 10° N/m?
Boiling Point at 9.81 x 10* N/m? : 101.43°C
el Viscosity of Heavy Water, D,O
wnthe . Specific Heat ; . . 2
¢, JikgK Viscosity of Light Water, H ,0
uD,0
WH,0
- 3.82 2321.7 — —
5.0 — _ 1.309
G o 22299 4226 1.286
e oG 4218 1.267

PRSI 4211 1.249
B 7 - iDoGew 4207 1.232




(Refrgerant-12) CCLF,

360 x 10%
354 x 10°
342 x 107
3.30 x 10
3.19 x 107
- 310x10°

~ 300x10°

COEFFICIENT OF CUBLOAT EAPANSION, AT 20 ¢

ey -Jh—m-grq:-»wr*““—- T

R

A

021« 10"
246 x 10

1400 « 10!

060 = 10"
1.96 =« 10!
0.65 = 10"
0.70 x 10
310x 10"

0.07 x 10
0.11 x 10
021 x 10"
031 x 10"
041 x 10"
0.48 x 10
0.53 x 10
0.58 x 10
0.64 x 10
0.70 x 109
0.76 x 10
1.01 x 10

132 x 10

292 x 107

354 x 107

n



k, WimK

MEAT AND MASS TRANSEER DATA BOOK

VARINTION OF THERMAL CONDUCTIVITY OF LIQUIDS WITH TEMPERATURE

1 W/m K = 0.86 kcal/m hr "C
Q.30 - ) R

0.28 e

0.26 \.‘

ANUIE

024

o
N
V]

0.62

Th
/,;,,

k, W/mK, for water only

0.16
\ 8
-9 \k
0.56

-\
7 L 0.58
7\ —\-
'\
P——— ]

“10 B
0.14 R
B L 054
0.12 $o
15
14 e 052
0.10 : .
20 40 60 80 100 120 140
Temperature °C
1 Anhydrous glycerine 6 Aniline 11 Isopropane
2 Formic acid 7 Acetic acid 12 Benzoine
3 Methyl alcohol 8 Acetone 13 Toluene
4 Ethyl! alcohol 9 Butyl alcohol 14 Xylene

§ Castor oil 10 Nitrobenzene 15 Vaseline oil
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PROPERTY VALULES OF GASES AT ONE

fuse B= /T, T in K)

Fog gases k. ¢, U and Pr may be 1
pressure, by calcu

B - i

1.584
1.515
1.453
1.395
1.342
1.293
1.247
1.205
1.165

- | 1093

lating the value of

ATMOSPHERIC PRESSURE

1461 x 10
15.20 x 10°%
1569 x 10°°
16.18 x 105
16.67 x 10-°
17.16 x 10-*
1 1765 x 107
1814 x 10°°
1863 x 105
19.12 x 10-%
1961 x 10°
20.10 x 10%
12059 x 10

12108 x 105

9.23 x 10°°

10.04 x 10°
1080 =« 10°
1161 x 10°®
1243 x 165
1328 x 10-%
14.16 x 10~°
15.06 x 105
16.00 x 105
16.96 x 10°
1795 x 10
1897 x 10°
20.02 x 105
21.09 x 105
2210 x 105
2313 x 10-%

2545 x 10° | 36833 x 10

2780 x 105

30.09 x 105

| 81861 x 10-%
10 | 93.111 x 10¢

12644 x 10°%
13.778 x 10°%
14917 x 10°°
16.194 x 10°®
17.444 x 105
18806 x 107
20.006 x 10°°
21417 x 103
22861 x 105
24306 x 102
25722 x 10
27.194 x 105
28556 x 10°
30.194 x 105
31.889 x 105
33639 x 105

40333 x 105
43.889 x 105
47500 x 105
51.361 x 10
58500 x 10
71556 x 105

».306 x 10

Tries

-]
e N

- |
[\

-y F"
(RIS PRSNGSRS I

c’ . k
1013 0.02117
1013 0.0218%
1009 0.02279
1009 0.02361
1005 0.02443
1005 0.02512
1005 0.02593
1005 0.02675
1005 0.02756
1005 0.02826
1005 0.023%6
1009 0.02965
1009 0.03047
1009 0.03128
1009 0.03210
1009 0.03338
1013 0.03489
1017 = 0.03640
- 1022 0.03780
1026 0.03931
- 1038 0.04268
1047 0.04605
1059 0 14908
1067 @ 0.05210
1093 | 005745
1114 | 0.05222
1135 0.06687
1156 007176
b 0.07629
0.08071

0.08502

© 0.09153



HEAT AND MASS TRANSFE R DATA BOOK

l'R()l’l‘RT\ VALUES OF GASES AT ONE ATMOSPHERIC PRESSURE (Contd.,)

e M Absolute  Kinematie Thermal — Prandtl Specific  Thermal
Visconity Visconity Diffusivity  Number Heat  Conductivity
0 v o Pr o, k
Nsim?* m*/n m/s JihgK  WimK

. 0 1667 x 10 ¢ 1330 x 109 19139 x 109 0,706 1030 002431
ﬁi 100 0916 2069 x 10 ¢ 2250 x 10® | 32222 x10¢ 0.678 1034 003152
’ 0.723  2422x10° 39360 x10% | 50833 x 109 0.6566 1043 0.03850
0697 2766 x10° 4640 x 109 70833 x 10%  0.662 10569 004489
0508 3089 x 10% 6090 x 109 92500 x 104 0.6569 1080 006071
0442 3393 x10¢ 7690 x 10° 114.167 x 109 0.672 1105  0.06682
0392 3687x10° 9430 x 10° 136.380 x 104 0.689 1130 0.06036
3962 x 10° 1 113.00 x 109 158333 x 109 0.710 11561 0.06420
0318 4227 x10° | 133.00 x 10% | 181.667 x 10 0.734 1168 = 0.06745
10291 4501 x 10¢ | 154.00 x 109 | 203.056 x 109 0.762 1189  0.07013
10268 | 47.46 x 10 | 177.00 x 106 | 222778 x 106 0.795 | 1202 | 0.07234

Brzzzsssy
g

|
|

11429 1942 x 106 13.6 x 106 | 18.889 x 106 0.720 913 = 0.02466
- 1050 | 24.12x10° 23.1x10°¢ | 83611 x 109 0.686 934  0.03291
. 0.826 2854x10¢ | B46x10°0 43333 x10°  0.674 963 0.04071
478 x 10 | 705566 x 10% 0.673 997 * 0.04803
62.8 x 106 | 92,500 x 108 0.675 | 1022 = 0.05501
79.6 x 107 | 116.667 x 10%  0.682 1047  0.06152
97.8 x 10¢ | 141.111 x 105 0.689 1068  0.06745
17.0 x 10°¢ | 166.667 x 10°  0.700 1084  0.07280
38.0 x 10°% | 194.444 x 10 0.710 1101  0.07769
221.389 x 10 0.725 1114  0.08199
250.000 x 109 0.738 1122 0.08583

DO | 17.944 x 10%  0.740 1038  0.02326
F% 1 91389 x10°% 0.718 1043 003012
5 | 49.722 x 10"; 0.708 1059 0.03652
0.709 10580 0042567
0.711 1105 0.04850
0.720 1130 0.05408
1166 0.05966
1181 0.06501

1197 0.07013
| 1214 007548

~0.08060




PROPERTY VALUEN (

i o

14.02 % 10°°
18,24 x 109
22,36 x 109
26.38 x 109
30.20 x 109
33.93 x 10"
37.66 x 109
41.09 x 109
44,62 x 109
48,15 x 109
5148 x 109

W GASES AL O

-

700 10"
12,60 % 109
19,20 = 10"
2730 % 10"
36,70 % 109
A7.20 % 100
A0 % 109
T1A0 % 109
86,30 x 10
100,00 » 109
116,00 x 109

4,14 x 10
7.61 x 10%

11,80 x 10
17,10 % 109
23,30 x 109

| 3040 x 109
i) 38030 # 10_"

6,80 » 104

NI

-
b el

01106111 %10

o

101,667
120,000 #
14611 #
161,066 #

=

9.1 # 10"
11400 #
2106 »
49047~
O 006 »
(319, 141404 #
wH.Hok #

Y

"
0"

’” 4 I

4722 # 10

8722 » M)y* {
12,444 » 104 |
20,139 » 10 |
27,778 # 10%
36,667 # 104
47,222 » 10°
69,722 » 10%
73,333 » 10
B850 » 109

ES

|

4 |
1’|
Kl
104

CATMOSEHE e P

/

) /)
() 1%
0714
UMY/
UNLE
971%
01775
0.1%)
074}
07457
0770

0,474
(), #5467
0,55
URZ 5

0O.#%44
¥ 778
0,506
0,785
0.71%
0,766 |

0,749

0720

" '/
y ' "l ’I/"//}

" /

Wik

AU
Wiv YAy
99/ Ay
Wty 40
1 14 G544y
VI 44y
9% ik
VR
4% A1 7
27% )44
V290 ks
Wyl ey
S/ OV L5%
TV2 O 047
Th4 OV
85 O
Bk | OOHT
w45 0 .075%9
BAT | 004195
B0 | 004529
#o% | O001%7
#67 047 v
104% BLL 9
1065 4 005 2%
1097 g 00412
3322 | 004557
O A7

181 0061
214 | 007419

e

oot
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HEAT AND MASS TRANSFER DATA BOOK

empemture Denszty Absolute

PROPERTY VALUES OF GASES AT ONE

ATMOSPHERIC

PRESSURFE (Contd. )

Kinematic Thermal — Prandtl Specific  Thermal
p Viscosity Viscosity Diffusivity Number Heat Conductivity
°C ~ keim® M v o Pr ¢, )
Ns/m? m?/s m?/s JIhgK WimK
FLUE GASES (Contd.)
700 0.363 | 40.68 x 10 | 112.10 x 106  183.889 » 10% 0610 1229 005265
800 0 0.329 | 43.37 x 10 1 131.80 x 10% | 219.722 x 10%  0.600 1264  0.0915%
900 0.301 | 45.90 x 10 | 152,50 x 106 ' 258.056 x 10  0.590 1290  0.1001%
1000 1 0.275 | 48.35 x 10-6 174.30 x 106 1 303.333 x 10  0.580 1306  0.10897
1100 | 0.257 | 50.69x 105 | 197.10 x 106 345556 » 104 0570 1325 0.1174¢
1200 | 0.240 | 52.98 x 10 | 221.00 x 106 | 392.500 x 106 0.560 1240 0.1267
ARGON | |
0 \ 1.784 | 21.08x 106 | 118x10% 17.800x 10% 0663 519 0.0165]
100 1 1.305 | 26.97 x 106 | 20.6 x 10 | 31.111 x 10%  0.661 519  0.02117
200  1.030 ~ 32.17 x 106 | 3L2x10° | 47.778x10° 0653 519 0.02539
300 | 0.850 |36.87x10° | 434x10% 67.778x10° 0640 519 0.029%9
400  0.724 | 41.09x 106 | 567x10°| 90556 x 109 0.628 519  0.03296
500 | 0.627 |4521x105 | 72.0x10%| 116667 x 105 0619 519  0.03791
600 ' 0.558 | 4854 x 106 | 87.0x10° 144.167 x 10% 0.604 519  0.03943
HELIUM
0 10178 |1873x10° | 105x10%| 15333x 10 0684 5204 0.14304
100 0.130 | 22.95 x 10°¢ 176 x 1075 t 263.33 x 10%  0.667 5204 0.17910
200 0.103 | 26.97 x 106 270 x 10 | 397.22 x 10 0.660 5204 0.21253
300 0.085 | 30.79 x 108 362 x 105 1I 552.78 x 10% | 0.656 5204 0.2442%
400 0.072 | 34.32 x 108 474 x 10 | 73056 x 10 0.648 5204 0.27563
500 | 0063 | 3756x10° | 611x10°| 93333x10° 0642 5204 030471
600 0.056 | 40.31 x 10 723 x 105 | 1144.44 x 10%  0.631 5204 0.33262
 HYDROGEN
0 100899 @ 836x10° 93 x 10 13500 x 104  0.688 14069 0.17212
100  0.0657 | 10.30 x 10°° 157 x 10¢ | 23167 x 106 0.677 14482 0.219%1
200 | 0.0519 | 12.06 x 107 233 x 108 | 350.00 x 105 0.666 14504 026400
300 0.0428 @ 13.83 x 10 323x 106 | 49444 x 10° | 0.655 14533 0.30703
400 |0.0364 | 1540x10% | 423x10° 65556 x 10° 0644 14581 034774
500 | 0.0317 | 1677x10% | 534x10°  833.33x 10°  0.640 ‘ 14662  0.3872%
600 | 0.0281 | 1834x10%  656x 106 1027.78 x 10°  0.635 14779 0.42652
700 0.0252 1 1971x106 | 785x 10 1230.56 x 10 0.637 { 149304 0.46257

1 W/mK = 0.86 keal/m hr °C

1J1kg K = 238.9 x 10 keal / hg *C

INs/m* ~0102 kgfs/m



HYDROGEN (Contd )
KOO 00228
D00 0.0200
1000 0.0192

0 0.77
100 0.664
200 0,445
300 0.368
400 0.313
500 0272
600 0,241
700 | 0.221

- 800 0.196
900 | 0179
1000 | 0.166

2108 x 10
2296 x 106
2373 » 10

096 x 109
13.04 x 106
16.67 x 106
20.69 x 106
24.32 x 106
28,16 x 106
31.97 x 10-6
36.99 x 106
39.82 x 106
44.13 x 10°6

| 47.86 x 106

6.61 x 10

| 886x10%

924 x 106
1070 x 1076
1230 x 106

12.2 x 1076
232 x 1076
38.0x 10
56.4 x 1076
78.7 x 106
105.0 x 106
134.0 x 105
168.0 x 106
205.0 x 106
247.0 x 106
291.0 x 106

PRRey Pl

Thermal

| Diffusivity
sgand

m?ls

1452.78 x 1076
1675.00 x 1075
1911.11 x 10°°

13.361 x 10°°
27.167 x 106
45.833 x 106
68.889 x 106
97.500 x 1078
130.556 x 106
168.333 x 1076
210.556 x 106
257.500 x 106
308.333 x 106
363.889 x 10-6

Pr

0.638
0.640
0.644

0.908
0.852
0.818
0.812
0.796
0.793
0.792
0.791
0.793
0.798
0.800

0.748

15115
15312

2043
2219
2399
2583
2747
2918
3082
3245
3404
3555
3710

1030

-

PROPERTY VALUES OF GASES AT ONE ATMOSPHERIC PRESSURE (Ciy,,

- 050009

15518 | 0.5710;

0.02103
0.0339¢
0.04855
0.06548
0.08397
0.10362
0.12444
0.14770
0.17096
0.19655
0.22213

0.01291



PROPERTY VALUES OF G

W M Abseolute Kinematic

T

)
kgim*

ACETONE—C,H.O

e

100 1.870
200 1.470
300 1.220
200 1.030
500 0.901
600 0.799
BENZENECH,
0 o
100 255
200 201
300 1.66
400 1.41
500 1.23
600 1.09
STEAM
100 0.598
200 0.464
300 0.384
400 0.326
500 0.284
600 - 0.252
700  0.226
800 0.204
900 0.187
1000 0.172

Viscesity Viscosity
B v
Nam? m3/s
6.86 x 10-¢ —
941 x10°® 507x10°%
1206 x 10 822 x 10°°
1471 x 10 1210x 108
1736 x 10 16.90 x 10-°
2001 x 10° 2230 x 10°°
275 x10° 2830 x10°
6.98 x 105 —
721 x10°% 3.74 x 10°
1209 x 10°° 599 x 10°
1464 x 10°® 8.80 x 10°°
1720 x 10° 1210 x 10°®
19.76 x 10° 15.90 x 10°°
2231 x10°% 2040 x10°
1196 x10°  200x 108
1589 x10° 306x10°
20.01 x 10°° . 443x 108 ;’
2432x10°  605x10°
 2864x10° 788 x 105
 33.15x10° 998 x 106
3785 x10° 1220 x 10
4256 x 10°  147.0 x 10®
4746 x 10° 1740 x 10®
5237 x 10% 2040 x 10°

Thermal

Diffusivity

a
m3/s

6.056 x uH’
15.667 x 10°
22639 x 10°°
30.833 x 10°°
40.833 x 10°°

5.111 x 10°°
8.361 x 10°
12.833 x 10°°
18.611 x 10°®
26.222 x 10°°
35.000 x 10°®

19.222 x 108
36.667 x 10~

57.222 x 105
82.778 x 108
112,778 x 105
147.500 x 108
186.111 x 10%
230.278 x 108
275.833 x 106
330.556 x 10

Prandtl Specific

Number
Pr

0.886
0.840
0.806
0.774
0.743
0.720
0.695

0.716
0.554
0.719
0.668
0.652
0.614
0.585

1.08
0.94
091

0.90
0.90
089

0.90
0.91
0.92
0.92

GASES AT ONE ATMOSPHERIC PRESSURE (C(mtd)

Thermal

Heat Conductivity

p
JIkgK

o N N N e e e

e N O -1 Ut Y
DN LW N L W WD
-1 OO & N O -1

(S]]

943
1335
1676
1957
2183
2369
2524

2135
1976
2014
2073

2135 |
2206
2273

2345
2416
2483

k
WimK

0.00972
0.01733
0.02687
0.03861
0.05210
0.06745
0.08467

0.00922
0.01733
0.02814
0.04164
0.05757
0.07641
0.09630

0.02373
0.03349
0.04419
0.05594
0.06838
0.08176
0.09560
0.11025
0.12444
0.14072

I W/mK = 0.86 keal/m hr °C, 1J/kg K = 238.9 x 10 keal /kg °C, INs/m? = 0.102 kgfs/m?
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(\l\\ \l I' Rh\l\l‘M\l‘l\ |lh OF EYPIOAL SUREACES

Prossinre 1h
TR R e | . whin m' KW
416 Stainless, ground, aw 2 A4 ST Auh 0und s 107
S04 Stamtess, pound, ar L | a0 A0 0 0 BYN » 10
416 Ntamboss, with \ |
Q234 mm shim, air .64 L0 w0 | 1 00N« 1
Alwminiwm, ground, ai 2.64 | A0 | 14 U6 0OMs 1)
Abwmniwm, groand, aie 0% o e o
Alumniwm, gronnd, i ; |
with Q284 wm brass shiw, aiv 2 A0 | 100 0 10
Copper, ground, aw 197 B0 1200 0007 - 10
Copper, milled, air 81 20 } 10A0 001N 10!
Copper, milled, vacuum 0.20 1o JI 770 ; 00NN » 10
mhR\IAl. (‘l)Nl)U("I‘I\’l’I‘\ ()I" AlR Al‘ HIGUHER PRESSURES, W/
100 140 |
1 0.0288 00407 0,000 |
oo 0.0280 0,040 00007 |
200 , 0.0888 0.0472 00400 |
: 300 0,0884 0,041 00460 !
| 400 00410 : 00470 00480 |
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© ONE DIMENSIONAL STEADY STATE HEAT TRANSFER

R

Correiation and Validity Neotations

AT — Overall difference ;-
temperature. “C or K
R — Thermal resstance By

R = Q — Hest flow. W

|
t

Replace kbyk, formesrvari- | ; _ Thermal conductviny.
ation of thermal conduetrvity WK )
A — Area m
L — Thkmess m
T, T_.T, temperatore &
z=ro_x, and L planes

=867 x10*W - K
F = Radiation shap: “actor.
H- g\:‘:' oy




ONE DIMENSIONAL STEADY STATE HEAT CONDUCTION

B ot oo g Corvelation and Validity Notations

1 " ry, 'y inner and outer radii
R= 2rkL, - T,, T,. inner and outer surface
N t
emperature
L, Length of cylinder

T,,T,, fluid temperature outside

& inside

L, L,, L,, thickness of layers.

| For temperature drop in layers

| use

T =Qx R.

k,, k4, conductivity of layers
& 3

b

|
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ONE DIMENSIONAL STEADY STATE HEAT CONDUCTION (Contd.)

ic Correlation and Validity Notation
AT | r, radiug, m
1 1 | I '
R2 ——|——+—In|4 e
27tL[h”rl l‘!l ( 1 J I ’ I ““”l, m

AT, Temperagy,,
change in o laye,
78 e L

I, T, fluid Lo
peratiuresy

AT, =) « R

1 I I ' |
+—In|2L|+—In|=4|+-—
k, ! ["2 J fey ) (’?i J hyr

o . "
R= H[_ZJ,_F_AJ I, T, fluid tem.
hn” ki|n on peratures
ATl- =0Q R,

| 1.08a Tt a side of squire
: rradius of - inder |
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ONE DIMENSIONAL STEADY STATE HEAT CONDUCTION (Contd.)

Correlation and Validity Notations

T,, T, surface temperatures

U’

Wiy + 1, = &) +ylir, =, - &%

J[("z +nf -é* = Jlr, = - &°)

|
|

RyReRy

. ko kp, ... kg
| —Thermal conductivities of A,
| B...G

' L—Thicknesses

! A, ... A— Area perpendicular
to heat flow of ma-
terials A, ... G

L.

R + ReRp + ReRy R.=




STEAD\ STATE CONDUCTION WITH HEAT GENERATION

Correlahon and Validity

Notations

SRR N

q 2
= L
| To=Te* o0
)
| T, -T 9
| —2 = (x/L)"
i Tu P To
(| T, =T, -3
X 2k
T_‘ ( & for outside convection
gL
=T, +—
'rll x h
q, = q Xx
T,=T, + qR*4k

B YL ite

h

Surrounding fluid temp,. °¢ |

convection coefficient W/m2g
heat generated. W/m*

temp. at mid plane or axis_
%

temp. at distance x from mid
plane. °C

Fluid temperature
wall temp. °C

half thickness. m

r.R radi. m ‘

T,

q.

q,

'1:'1' T., Surface temp. °C

temp. at any radius r. °C

heat flow at plane x from |
centre, W/m?

heat flow at radius r from
centre, W |

length of cylinder, m
Critical radius = k/h.




NTEAD STATE CONDUCTION WITH HEAT GENERATION (Contd.)

s ———

: i ) 3 & .’_' ;V - )4
Description Correlation and Validity Notations

Heat flow on both sides See figure R .R.T.T.r

u = lll_\':lg' \_
L-T Im@®R)

T T = —(I;—[R 1_RY L Length of cylinder
vk ' R. inside radius
+ 2 R¥In R,. outside radius

heat flow at radius r

for L metre. W

— IJI!- I'* ,:
= A

heat flow at radius r,




FINS OR EXTENDED SURFACES

m Temporature
: m distrabution
' -1
R-T Heat transferred by fin
Q
L ——
(T, ~T_) (hPkA)5




qpdaq x 11z =V
1— |Nl = E<
uty aendueLry, !
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uty rendue}oay] Z )
— &=
1
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e
g0
0e s 0Z S} 0t S0 0
0
91_.0 J
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PLATE FINS AND DISC FINS
1.0 pErey
2

09 \ o R e

08 \\\\\ / A ﬁ%‘_:‘ e -

e \\\( / e %# y = t(L) !

06| \W e _%i ¥ =ty o
R

0.5
N

o NS l-

' T LI T T

T T L LE

_Lt y:t
_f_

T

7

o
I
-
<<
I
—
=
)
=
N
N
1

Fin effici
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Formula - Q « ANAT

SHAPE FACTOR FOR DIFFERENT CGrOME LIS

) Fovcaeh dpanppdegpoal, W
Iy el conddoectivity, Wb

A ol Vst e differenee, “Coor K

M AL PACTORE, 1y

g (1)
oy
resly
wid 1y <y

Clipe (/1)
1oy
re=«=l,

e

HHALE PACT O

'///"l

L
I1i 4l
,

I l/
cosh (/)

Anit

()

In infinite medinm

8= 4nit




SHAPE [ SHAPE FACTOR

between, buried cylinders of length L

|




WO DIMENSTONAL NODAL EQUATIONS
' % ‘ Description

Nodal Temperature

Tu T —.lin‘lhl.n*T-\ ‘~1+T-—Ll +T'& "l]
}
i
1 hAx i
P, foioee Nl Wy NP |
Ton™ Rax ‘,[ o i
—+2
k

+05T, .., +05 T‘._l]
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TWO DIMENSIONAL NODAL EQUATIONS (Contd.)

g Description Nodal Tempemture‘\\
T~
m+1,n
1 2hAx
Interior Corner T, .= L+ 2,4
' ! - hAx k &
with convection 2 e +3
a5 2Tm.n+l + Tm+1.r| * Tm.n—]]
Insulated il
Boundary Ton= 4 [T"" ns1 ¥ Tm, nat 2Tm—l. -

!l\‘




T““ ) DIMENSIONAL NODAL I'Quf\rums TRANSIENT CONDUCTION

., Location, pop + L time interval, FFo = AS Bi = hAx
Ax? k
-
Nede Nodal Temperature
Internal Node
A'_d T,ﬁt:-—-FO[ m- 1'1+’P!£II—I+T£+L" mn—ll
| ‘ + T? , [1-4Fo]
mn+ c :
s L Fo £0.25
7 E
c m.n
"l. n=- 1
Convection Boundary surface Node
L n+1
oo T"‘::’} =Ko [Trﬁ—l.n . T,f:,nq =+ T,-,Pi,‘n_l + 2. Bi1 T£]
{4 +[1-4Fo -2 FoBi] T7,,,
Fo(2 +Bi) <05

Th'n =2Fo[2T2, , +T% ., +2Bi T?]

+ [1-4Fo - 4FoBi] T?,
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TRANSIENT CONDUCTION

Lumped Parameter System

Correlation and Validity

Valid for -li <0.1

k,
= hA,
TO-T,_ =exp -;Vp"t
=exp [- Bi. Fol

Time constant, 1, = time at which,

Y
BT .

Notatwm
b — average convective heat Uranef,,
coefficient on the solid surt,,,
(I
I, — Significant length = ;
V — volume, m’,
A, — surface area, m?
k, — Thermal conductivity of sofig
1 — time, sec
1, == time constant, sec
T, — initial temperature of solid, *(.
T_— surrounding fluid temperature,*(
T — temperature of solid at time -,
hL
Bi — Biot number, ——
k,
Fo — Fourier Number, 0/L*
g — instantaneous heat flow rate. W
g, — total heat flow upto time 7.J
¢ — Specific heat of solid, J/kgK
p — Density of solid, kg/m’
o — Thermal Diffusivity of solid, m”
h. — contact conductance

= K, +K,+K,) + [(K, + K, + K/
-4 KK 095

- me= K+ K K2
_‘-lg(,ﬁx,afx,)’ — KK




TRANSIENT CONDUCTION

finite Solid

e

semi In

~ Surface temperature
 suddenly changed and
maintained constant

f y g T T

T.~-T
—-L——-Q:erf_x_
% ~T, 2ot
_MT,-T)
i ot
=Mex [— x%/4at]
X \/—JE P =X ot
gy = 2K(T,-T) |-
oL
erf(Z)

Jrl® 3x1! 5x2! 7x3!”

= applied constant heat flux at

q
surface, per unit area
e | ‘ '(aT/ﬂ)o'ﬁ _x2
W e
ﬂ i % exp Mot
il _9x

Notations

Refer charts in p 61,62 and 63
erf — error function of — refer
tables next page

surface

7 W/n?

T, — Temperature at a dis-
tance x from surface at
time T

T, =~ Surface temperature

s Initial temperature of
solid

o — Thermal diffusivity of
solid, m?%/s

1 — time

g, — heat flux at surface at
time 1, W/m?

g, — heat flux at location x at |
time 7. W/m? ,

q, — Total heat flow into
solid upto time T per unit
area, J/m? '

x — location of plane consid-
ered from surface

T_— fluid temperature

h — convective heat transfer
coefficient

k — thermal conductivity

T, — Surface temperature

| ¢ — constant heat flux at |

- heat flow at surface at 7
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ALUES OF FRROR FUNC

Z ez
000 0 00000
001 001128
002
003
LERET]

0022566
LLREE K TF
Qo451

005
006
0.07
0.08
0.00

0.05637
0.06762
0.07886
0.0900%
0.10128

0.11246
0.12362
0.13476
0.14587

on
014

0.16
0.17 0.18999
0.18 0.20094
0.19 0.21184

020 0.22270

0.23 0.26502

015605

0.16800
0.17901

035
036
037
0.38
0.39

0.40
0.41
0.42
0.43
0.44

0.45
0.46
0.47
0.48
0.49

0.50
0.561
0.52
0.53
0.54

0.56
0.66

0.67

0.58

erfiZ)

037038
038033
039021
0.40901
041874

0.42839
0.43797
0.44747
0.45689
0.46622

0.47548

0.48466

0.49374
0.50275
0.51167

0.52050 |

0.52924
0.53790
0.564646
0.566494

0.66332
0.67162
0.67982
0.68792

Z

070
0.71
0.72
0.73
0.74

0.75
0.76
0.77
0.78
0.79

0.80
0.81
0.82
0.83
0.84

0.85
0.86
0.87
0.88
0.89

0.90
0.91
0.92
0.93
0.94

' 0.82987

I'NON OF 7

erflZ) Z
067780
0 BRA6T
0.69143
0.69810
0.70468

1.05
1.06
1.07
1.08
1.09

1.10
1.11

0.71116
0.71754
0.72382 | 1.12
0.73001 1.13
0.73610 | 1.14

0.74210
0.74800
0.75381 | 1.17
0.75952 | 1.18
0.76514  1.19

J
0.77067 | 1.20

0.77610 | 1.21
0.78144 | 1.22
0.78669 | 1.23
0.79184 ' 1.24

115
1.16

1.25
1.26
1.27
1.28
1.29

0.79691
0.80188
0.80677
0.81156
0.81627

1.30
1.31
1.32
0.83423 1.33
1 134

0.82089
0.82542

erflZ)

0 86244

0 86614

0.86977
0.87333
0.87680

0.88020
0.88353

0.88679

0.88997

0.89308

0.89612

0.89910
0.90200
0.90484
0.90761

0.91031
0.91296
0.91553
0.91805
0.92050

0.92290
0.92524
0.92751
0.92973
0.93190

0.93401
0.93606
0.93806
0.94002
0.94191

5 094376

AEA

Z

1.40
1.41
1.42
1.43
144

1.45
1.46
1.47
1.48
1.49

1.50
151
{ 1.52
153
1.54

1.55
1.56
1.57
1.58
1.59

1.60
1.61
1.62
1.63
1.64

0.95228
0.95385
0.95538
0.95686
0.95830

0.95970
0.96105
0.96237

0.96365 |
0.96490

0.96728
0.96841

0.96952

0.97059

0.97162
0.97263
0.97360
0.97455
0.97546

0.97635
0.97721
0.97804
0.97884
0.97962

0.98038
0.98110
0.98181
0.98249
0.98315

0.98379
0.98441
0.98500

|
|
|
|

0.96610 1.85

I AL IViNW/s 8RR

I

0.98667
0.98719
0.98769
0.98817
0.98864

1.75
1.76
1.7%
1.78
1.79

0.98909
0.98952
0.98994
0.99035
0.99074

1.80
1.81
1.82
1.83
1.84

0.99111
0.99147
0.99182
0.99216
0.99248

1.86
1.87
1.88
1.89

0.99279
0.99309
0.99338
0.99366
0.99392

1.90
1.91
1.92
1.93
1.94

0.99418
0.99443
0.99466
0.99489
0.99511

1.95
1.96
1.97
1.98
1.99

2.00 0.995322
2.02 0.995720
2.04 0.996086
2.06 0.996424

REUER RS TR IR BOOK

|

2.20
2.22
2.24
2.26
2.28

0.99813,
0'998308
0‘998454
0.998607
0.998734

2.30
2.32
2.34
2.36
2.38

0.998857
0. 998966
0.999063
0.999155
0.999237

2.40
242
2.44
| 2.46
2.48

0.99931]
0.999379
0.99944]
0.999497
0.999547

0.999593
0.999639
0.999764
0.999822
0.999866

250
255
| 2.60
2,65
| 2.70

0.999899
0.999925
0.99994+
0.999959
0.999970

2.75
| 2.80
| 2.85
2.90

1295

0 999978
3.20 0.9999M
3.40 0999998

£ 3.60 1000000

' 3.00

2.08 0.996734

2.10 0.997020

2,12 0.997284
2.14 0.997525
2.16 0.997747

2.18 0.997951
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HEAT AND MASS TRANSFER DATA o,

TRANSIENT CONDUCTION

InT,

!
H
|

. B

Valid for Fo > 0.1

x

Dimensionless position L
For centre plane temperature

%-T.
Refer chart p. 66
For dimensionless position tem-
perature referred to centre line
temperature

t:lln ~T.
T -T. refer chart p. 67

To find z-plane temperature with
respect to initial temperature at
any time, use the product of the
above two expressions Le.,

1;! -Tu ! tzlL) 'Tw

1-: - T“ T{) e Too

- ’nxll.} " T«v
{ gt

For dimensionless heat flow

Q
| —= ~ refer chart p. 68
1q p

|a=hAIT,-T)

B

o1
74
T,

Tl

T.
T

L)

Ti

‘= instantaneous heat flow

Biot number, Bi

Fourier number, Fy

— Centre plane temperatyr
at time 1

Initial temperature of
plate

— Fluid temperature

— Temperature of plane at
x at time 1

— Surface Temperature at

timet,usei=1
L

heat capacity of the body
above T_for unit area

For plate
pcL [T -T],J

= Total heat flow upto time
1,d

W
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OpUCT SOLUTIC ORT
PR INS FOR TEMPERATURES IN MULTIDIMENSIONAL

GYSTEMS

B POAYSIA, )
' MV

R
HM—*

Semiinfinite plate

B(X) P(X) PUE)

MAGS TIANSE LI DATA 130K

POE, ) POE,)

l':l/# ‘ AJ‘/ q,\/'l

Infinite rectangular bar

P(X,) P(X,) P(X3)

b
Rectangular
parallelepiped

C(8) P(X)

a,

DU

le—2R-+

Short cylinder




PERIODIC HEAT FLOW

Description Correlation and Validity Notations )
[ ———

1. Solid with high value of Ty = fluid temperature at time ; |
thermal conductivity ex- Smtan (“’_" ¥ “V_] K .
posed to fluid with peri- R A T, — Amplitude of tempera;,,
odic temperature varia- variation of fluid, K ‘
tion. T 1 _ _
Fluid T T_~"=_____2 s 1 — Time, s '

wd T'emperature Van- i ) ) '
. I wre Van a (1+tan®d) p Pasid of wsillafion, »

& — Angleoflagin the temper,

T,=T. .cos [ﬂ] ture variation of the sqjq
Ak with reference to fluid ter,.

perature variation

o

9 §, — datx plane
- Semi infinite solid-sur- | T X ' . , 3
' fa _— = _ ¥n/ar, ) p — Solid density, m?/kg
: il Solid specific heat, J/kgK
[ periodically ¢ — Solid spec at, J/kg
i Surface Temperature | T _ s 2nt L |F V — Solid volume, m3
Rriation : B T oT, A — Solid surface area, m?
R . 2nt 8, = 0.5 x(t Jom)® T, — Temperature amplitude of
i % T, Depth of penetration at steady the solid, K
state : T, . .
e — — Amplitude ratio
x,= 1.6 (nat )02 T,
% =kT, (2n/or )05 T, — Surface temperature, K
o — Thermal diffusivity of solid,
: (n 211:‘[] m?/s
sin [ — —
4o, T,, — Amplitude at depth ». K
0.5 T,., — Temperat - plane at
21 Xt perature at x piine
%=k'Ta(n(:) time 1.
8, — Angle of lag of tempc - 1ture
at depth x, with refer« ce to
ont surface temperature
=T, cos ("—] x, — Depth upto which th: tem-

perature variation pen- |
etrates, at steady sto. .|

W
i Heat flow rate at time =~ — |
A m- |

g — Total heat flow durin: half

A
‘ period, J

k — Solid thermal conductivity
' h — Convective heat transfer ¢

efficient. .




FREEZING/MELTING

Description

Corvelation

LIQUIDSOLID SURFACK §

R R IR | LI
Suddenly B RN I T

exposed to fluid at T where
liquid or solid at o™ !
melting temperature 1 b Uy
Flat surthce
Refer page 78 * = S0 froaning
o |
! : ‘
.| I
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i HEAT AND MASS TRANSFER DaTa 800,
FREEZING: INSIDE TUBE

T

Liquid at the freezing |
' temperature' T,_
“ )
Liow 4

R’ =h=‘ro/ks

B -

NN,

B

Bl
N | |
o -

- T

TMrma.-‘ Rext sfam




pmmwss TRANSFER DATA BOOK

FREEZING: OUTSIDE TUBEK

R* =

h_ r/k,

NVERS WRVIWRVER W] b

gible Thermal
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HEAT AND MASS TRANSFER DATA B,

RADIATION
Description Equation | Notations
| T
Wavelength A wavelength, m
W ,
S . c speed of light = 3 x 10% my/s
|
| :
» reflectivity ‘
Radsast Progers prast=1 | P |
’ bsorptivity |
Karchhef s Law v, S | o absorptivit
i i T transmissivity |
o gy bodies v frequency i
: E,L:(L' —E—=Q o E “
¥ € emissivity = E_ |
L o i T=2898 umK ’
Seefan Boltzmans (== E, —oT* o, monochromatic absorptivity
‘ g, monochromatic emissivity
E. = CA* T temperature K
EariaiT) -1 *C, =0.374177107 x 10715 W/m?

i £ C, =0.014387752 mK
# = ;; A‘:Ea—'J) -

J:‘K}«!-SEE

emissive power of black body,
W/m?

unit wave length

1395 W/m?

E
E, emissive power for black body per
Q net heat interchange

J

radiosity (total rate at which
radiation leaves a given surface)

G irradiation (total incident radia-
‘ tion on a surface)

Fl-2’ Fz_l, Shape factors

_
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HEAT AND MABS THANSFER DATA fioycy,

RADIANT HEAT EXCHANGE BICPWEEN SURFACES

\ ‘ . e ( Nt heal exehange bt
| M Rytntions Q= /K, KA, Yy andf "
T ¢ : ‘ . By eninutve power of body |
E’J-ﬂ,{. A FA = I'" /\, L, ,qn;nuhm poter of ,,'” whape factor of surface |
j . body J with respect to )
1 mry shn’" faﬂll"' FU ft)l‘ For gray bodiey
. black bodien AFy

_ and pﬁﬂ\}llu»l m‘um'wn.

3@'5] -;Mml!n i dimen Rofor pages D1 1o 03

- Adjavent rectangles at

Pl M‘ anplos Refer pagen 94 to O6

mﬁm perpendicular squares | Rofor page 06
L non intersecting perpendicular
' ' - Rolor page 97 |
imes of difforont sive Rolor page O i~ ¢ | I-¢,
T ; - ¢
A wall of thickness 1, Rofor pnge 99 A, " A, F, ’ A
it and a parallel
e Rolor page 100
an a perpendicular '
fhe Rofor page 101 ’
e and a roe-
Rofor pngoe 101 ‘
Rofor page 102 and 103
Rofor page 104
1

= F, +F,

DAFy,y = AR, |+ Ay

(l)AuFlH = AP, ,+AF)s
Fia = AF,




AT AND MASS TRANSFER DATA BOOK |

pMISSIVITY €, OF RADIATION IN THE NORMAL DIRECTION TO THE
GURFACE AND €, OF THE TOTAL HEMISPHERICAL EMISSIVITY FOR

\ARIOLS SURFACES

eI

r s-m« A e .
~ \luminium, bright rolled 5060 0.049
Aluminium, bright rolled 0.050 -
~ Aluminium paint 0.20-0.40 -~
Bakelite lacquer 80 0.935 -

- Bismuth, bright 80 0.340 0.366
 Brick, mortar, plaster 20 0.930 —
Chrome, polished 150 0.058 0.071
Clay, fired 70 0.910 0.860
- Copper, polished 20 0.030 =
~ Copper, lightly oxidised 20 0.037 -
: Copper, scraped 20 0.070 —
! Copper, black oxidised 20 0.780 L
- Copper, oxidised 131 0.760 0.725
' Corrundum, emeryrough 80 0.855 0.840
Enamel, lacquer 4 20 0.85-0.95 E2
- Glass | 90 0.940 0.876




MAMJMASSWANSFEHDATAM —

[ | s |

50 0.970 —
100 0.925 -
20 0.280 —
118 0.048 0.057
0 0.041 0.046
100 0.045 0.053
. 0.920 0.890
21 0.92-0.94 =
100 0.930 -
200500 0.02-0.03 —
150 0.186 -
20 0.930 T
. 20 0.960 )
. 70 0935 0.910
i 20 023 028 L2
"Whers ¢, w aet specified tzie
For bright metal sorfoces. 2 = 123

For other smonth soxfacss =2, = 055 7,
For rough serfacss ¢, = 056 5 _




Her
‘ |s's.|w’ll : M:«:Tl(t s NORMAL DIRECTION e, AND TOTAL HEMISPHERICAL
(MISSIVITY € VARIOUS NON METALLIC SURFACES

4 Surface  Temperature *C ¢, ¢,
- Aluminiu, oxide 821 | 0.69 |
C Aluminiuim, oxide 721 | 0.60 ]}
| 1227 041
| 527 0.40 |
121 0.33
1127 0.28
1827 0,39
21 0.86-0,93 -—
27 0.04-0.96 — ‘
27 0.75-0.90 - ‘;
21 0,880,993 — |
21 0.90-0.96 —
21 0.00-0.92 —~
0.06-0.98 —







L0 AN MASS TRANSFER DATA BOOK

W AR R\[\I\Tl\l PROPERTIES FOR SELECTED MATERIALS

- -

r” Absorptivity | Emissivity | Transmissivity | o/t
Material a at 300K t
Wamniem. polished 0.09 0.03 - 3.0
| Wamswum. anodised 0.14 0.84 — 0.17
| Alumassem coated over quartz 0.11 0.37 — - 0.30
l Ammamsure foil 0.15 0.05 s 3.0
} Bnck. red 0.63 0.93 - - 0.68
i Camcreve 0.60 0.88 — 0.68
! . Gabvamased sheet metal. clean 0.65 0.13 — 5.0
E Galvamsed oxdised, weathered 0.80 0.28 - 2.9
. Gisss. 32 mm. thickness :
E Float or tempered — — | 0.78 -
| Low iron axide type = - 0.88 -
E | Black sulfide 0.92 | 0.10 I - 92 |
}j ! Black cobalt oxide . 093 030 - 31 |
b i Sbkiete | 092 0.08 E - 110
i' 0.87 009 - 9.7
l — l — 0.87 o
B 098 | L. 1.0
026 | 090 — 0.29
0.16 092 | - 017

I - | 0.90
0.13 082 ~ 0.16
033 089 - 0.3




VARIATION OF TOTAL REFLECTIVITY AND ABNORPTIVITY Fim —_—
BLACK RADIATION WITH TEMPERATLRE T -

7$\

R |

A vy

Refoctivity %
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HAPE FACTORS FOR EQUAL AND PARALLEL SQUARES, RECTANGLES

AT AND MASS TRANSFER DATA BOOK
D DISCS
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0
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(See next page for notations)
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GHAPE FACTORS K, ;7 —PERPENDICULAR RECTANGILES

0.6
3799

44375 | 10215 07048
46615 12295
47725 19206
479@: 23147

Lo

Ay2504
0A526
07744
A2770
16135
20004

l%w‘,

| 24783

274

#
r,

l

2.0 4.0
01158 00550
(2155 01087
03971 2000
06757 02454
OBB29 04556
A1645 06131
14930 OR65
A6731 10136
| 17193 . 10776
A7456 11210

|

LT a7

MAY324
AT 52
01335
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(735044

04130

Ayinz2
DES31
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06063

95
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0116
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EQUAL SQUARES

Fi2

0.2

0.1

MEAT AME MASS TRANSEE# ¢

SHAPE FACTOR—NON INTERSECTING PERPENDICUTLAR

0.08

0.07
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003 H
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iILLlr‘LL!!

0.01 -+

0.008 |
0.007

0.006

P -
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[ |

0.005 [

0.004 |-

0.003 1=+

0.002
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£A

Ji\rt FACTOR—OFENET NON INTERSEFCTING PERPENDICE L AR SOUAKES
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===

0.3 .
I | 1([ |
n A
44
N b
0.1 N || B = b/a
N3 - dA Ce= ./h
0.06 A - .
0.04 |\ \MWNN .
AN AN L
Y 002 — WAL
. 0.5 \ \\ 1—A \\ \ \O\‘,‘
0.01 |y NN A AN
0.008 \\\ \\ ANV o
0.005 [= . A\ }\‘ N4
0.003 |-0.1: 1 \ T
\, RIARIWRE
AN A
0.001 \ \
01 03 06 1.0 3 68 10 30
Ratio B

Shape Factor for a system of a differential surface dA and
a finite rectangular surface perpendicularto il
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005 Y
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& 200 MASS
f_\CTOR FOR RADIATION TO BANKS OF TUBES IN
ARRANGEMENTS

GAPE 7
\_“uOl5

r til

o p 0
s 7 1 2 3 4 6 6 7
E/D

Shape Factor for radiation to a beank
of tubes arranged in line
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*Emissivity, ¢

Refer chart on page 106 for €co,

ther than 1 atm. Refer chart on page 107 for correction factor,

Cc02~ by which €co, has to be multiplied

one atm. and near Refer page 108 for €g,0

her than one atm. ' Refer chart on page 109 for correction factor
Cu,0 by which g0 has to be multiplied‘

ure when both water Refer to chart on page 110

de are present in the ¢ - em,0 + £co, ~ A€

=

exo and £co, have to be

determined for the particular cases.

S

er between gas at T, and enclosure at . A

i
‘o, use PL %— instead of PL

g

¢ shapes, an equivalent thickness given on page 111
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HEAT AND MASS TRANSFER DAy, 800,

EMISSIVITY OF CARBON DIOXIDE IN A MINTURE AT 1 atm
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HEAT AND MASS TRANSFER DATA g

108
EMISSIVITY OF WATER VAPOUR IN A MIXTURE AT T atm
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e

’ UIVALENT THICKNESS, L FOR NON-LUMINOUS GAS RADIATION
1 igYERS OF DIFFERENT SHAPES
[ : y
|
V
|
f
i

e T ——————————
-

: Factor by which Zistobe
acteristic Multiplied to Give Equivalent
sion L for Hemispherical Radiation
M"C;lﬂculated by 3.4 x
Various Workers (volumelarea)

0.60 | 0.57

0.60 | 0.57

0.90 | 0.85
0.90 0.85 |
0.60 05t |

0.77 | 0.57

1.80 5 1.70




M, AR | Wi

Al I
i“ ! ﬁ' Mo
Wl Iy

W

n

| Peclet Number

Nume

ot Nuimboy

ader Numbey

oneter Nombor

I'rovde Nomboer

Cienote Numbor

Ceaehol Number
Koudson Number

Lowis Number

Nusrelt Number

(0 DITUSTON COFFTTCTENT,  —DIAM)

-

:'|'|<:R)

R

| Significance

Fivtornnd conduction resmstnnee
Surlthee convection resistanee

Promaure fhree / nertin foree

Charneteriatic body dimension

Tomperature wave penetration depth in tin,

lnertia foree /gravity foree

Hont tranafor by conduction
Heal tranafor by convection
(with entrance region consideration)

Buovant Iiu\‘v][ Inertin lin'vv]

Viscous force /{ visgcous foree

Moan free path

Characteristic body dimension

Heat difTusivity
Mass diffusivity

Ratio of temperature gradients by conduction
and convection at the surface

Heat transtor by convection

b e

Heat transtor by conduction

Molecular diffusivity of momentu i
Molecular diffusivity of heat

Refer Prand Gr

ertia force / viscous force




tions | Correlation and Validity
6).’51“0,“”’ Tf =
by, =y, Pros T -

By, =8,/7 Re =

= 1,328 Re, 7 Re, =

. 0.6 <Pr<50

3332‘321"'5 Pro.zzz
M= fxp15)-0.09 & _

b = heat flux W/m?

ole; Propertios are to be evaluated (unless otherwise started) at film temperature T, = ( T, +T_ /2
’

Notati

Film temperature

(T, +T_y2

Free stream fluid
temperature

Plate surface temperature
Reynolds number at a
distance x from leading
edge.

Reynolds number at
location L
Hydrodynamic boundary
layer thickness at a
distance x from leading

edge.

Thermal boundary layer
thickness at a distance x
from leading edge.
Displacement thickness at x
Momentum thickness at x
Local friction coefficient
defined by 1,/ pu?,/2)
(Fanning friction factor)

Wall shear stress at x N/m?

Average friction coefficient
upto the distance L from ‘
leading edge. '
Prandtl number |
Distance from leading edge
at which heating starts
density

free stream velocity




Correlation and Validity Notations
(0.4637 Re 05 pp0.333) Nu, = Average Nusselt
2 NW= 50,0207/ P’ 1% Number upto lengthj,
i : <0.05 and . y "
fyo?lgefoll;x: Sr1(>)050 and Pr < 0.05an | Nu,; = Nusselt Number at
e location L
—
Nu, =2Nug St = Stanton Number
St . Pr3 = Cf/2 : - Nu
; = Re.Pr
|
, 'C. = Average friction
8 = 0.381x Re ™02 coefficient
'x = distance from leading
5tx = 51:.: 1 edge
8, = 5,./8 :"
8y = (1/72) Sps 5. = hydrodynamic
Nu, = 0.0296 Re 08 Pro-33 boundary layer
! < thickness at x
NG = 0. .33
S R 0037 o0 Pro 3. = thermal boundary
, | Or by analogy layer thickness atx
v (Cn/2)Re, Pr 8. = displacement
: (C ﬁ,z)o.z') (Pr068 i) thickness at v
_ 3. = momentum thicknes
‘Re,02: at x




b Q. =i '
hl (Laminar length ((?éitiga??eliel,‘:;z_1742 Re, 10

wnlldlrod) ynolds Number

=5 x 109)

OR
0455 A
™ (log,oRe; 2™ Re,,

where

CriticalJReynolds Value of A

b ~ Number

If 3 % 105 1050
5% 10° 1700
1% 106 3300
3 x 106 8700

Nu;, =Pr0333 [0.037 Re 98 - 871]

Critical Reynolds Number
=5x 105
1 Re;, <108, 0.6 <Pr<60

|

l

|

| OR generally
j Nu;, = Pr0333 [0.037 Re 08— Al
= 0.037 Re,, 08 — 0.664 Re, 0

Notations

C1. = Average friction coefficient
upto length L.

Re,, = Critical Reynolds Number

Nu; —Average Nusselt

Number upto length L

ies to be evaluated at T,

|

\ T, = Free stream temperature

equation to be

in low speed
rties at a

Y = ratio of specific heats




L FLOW OVER OYLINDERS

= . M equation

R T T 4 f K TAdel o Bk d B % 43

@ Nup, = (‘.Rﬁ,u Proass
(for C, m refer below)

Properties at
Ty=(T.+ T, V2
Rey, C m
0440 0989 0330
4.040.0 0911 0385
40.04000 0.683 0.466
4000.0-40,000 0.193 0618
40,000.0-400,000 0.0266 0.805
B Greular Nu=1.1C, Rep" Pro33,
X 5 x 103 <Rep < 105

Refer page 119 for C, and n

N e
v et e

el Sk | |
Nuj, = Nusselt Number }, ||
on diameter rinve

Rep, = Reynolds Number},
on diameter vy

D = Diameter
= Coefficient
& = Constant

@ Applicable for mass transfer
also !
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0.62 ReDO.ﬁ Pr().ﬂﬁﬂ
0.67 0.25

04\
“(‘p‘r)

0.620
X 1+[ ReD )

Nu=0.3+

0.8

282000

102 < Rey < 10* : Pe > 0.2, wider range
of Pr, all fluid properties at T,

| 0.62 Re® pr’#»
Nu=0.3+ P

0.4
PR R
+(Pr)

9 ( ReD 0.5
282000

Pe. Peclet Number =

Re. Pr




P T— S N

' Ml’”ﬂﬂ“‘”'“”ﬁ“”f FH SN
e, | TR
; s
Tu ) 1 C’
L ’ A
Iy oty 0.58% 0.222
|
Y 0,624 0.261 *
it 0.612 0.224
o 0.804 0.085
1001 60000 0.63 % 0.138
|
| |
0638 q 0.144 ,
} ‘l i
! |

0.035




L FLOW OVER SPHEREN

~ FLOW OVERACROSS Nu =037 . ReS;
- SPHERES | 17 < Re < 70,000
31 For vanous ranges of  p.oharti
o pertiesat T,
Reynolds Numbers i
 Nu=2+(0.25 Re + 3 x 104 Rel.6)0:0
| 100 < Re < 3 x 105, Pr=0.71

 Nu=430+5x10"Re+0.026x 10"
Re -3.1x 1017
' ReS3x105<Re <5 x106; Pr ~0.71

Nu (Pr)-03 =0.97 + 0.68 Re;
1 <Re . <2000

Properties at Ty

0.25
W, )

Nu . Pr03 {
u.

=3.2+0.53 . Re05¢
1 < Re < 200,000

fiesat T,

(0.4 Re®5 + 0.06 Re067)

0.25
,35<Re<8x 104

perties at T

all Re based on diameter




| B

perature.

_ m | Correlation and Validity 1 Nototions
1 41 Number of l;:ws e C Re" Vi = caleulated from free
| fubes 20800 Re to be caleulated on the basis of max. stream velocity and
fluid velocity V the actual flow area
L allowing for tube
| | N 2102000 < Re < 40000 ; chghrisctin
| . | Froperties nt'I‘,. S, = Pitch transverse Lo
n, C from table page 123 flow
S, = Pitch along the flow
N = Number of tubes
35 S fe—— - | u_ = free stream veloeity
ultiply the above Nu by C, just before entry
| C, - see tables page 123
Check :
S, - D) < J2 i} + 82 —2Dl
TN |
' In line :
| V. = S8, - D).
I Staggered : maximum of the above and
| S |
[ %5,-D " |
5 0.5 i
| | s, \
i S° + (—'—) .
! 2 | |
E~ 5 S | |
" 0.25 ‘ 1
4 ' Pr_ = Prandtlat free stream
Pr " temperature
ll Pr, = Prandtl at wall tem-
‘.
|
n







A T

lm\' ACROSS BANKS OF TUBES N
l ) - - » S! Sn
“ ra——r
0“‘ : \ & l r o + * *
= calues of Cgaven in b able below S I " g (#
L for m¥ For other fluds b L .._I L
".pl\ (hese tabulated values of € 1 L
AR K]
Jv.by L. 130 | : . 1
T 4 n LT + A
In line T \
Staggered
pOR TU BE BANKS OF 10 ROWS OR MORE
! S, /D
2.0 | 3.0
InLine 125 348 592 275 608 100 704 0633 752
1.50 .367 586 250 620 | .101 702 0678 744
2.00 418 570 | 299 602 | 229 632 1980 648
300 | 290 601 | 857 584 374 581 | .2860 608
Staggered 0.6 — -— B S — 213 636
l 09 — — — — 446 571 | 401 581
- -— | 497 558 — — — —
- - BN 565 | 518 960 |
| s 666 | 605 554 519 556 | 522 562 |
1 568 460 562 | 452 568 | 488 568 |
572 | 416 568 482 556 ' 449 570 |
592 | .356 580 440 562 | 421 574 |
il I -

e —— _V_..___.

i3 "_is_ f’f‘“J
92 95 97 98 99 10 |

o

-89
"“32-949698 99 1.0

i —
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LO TUBEN @ LAMINAR

smaoth or rough tules

Hydeadynamic ontry length
X 0,04 D I,

Thermal umw Jength)
w004 D Jtey,

| Nu s 656

0,0668 (1)/1,) ey, Vi
14 004 (100,) ey, 1)

« | P> 0.7, Bmooth pipe. Constant
) Welg Lemp, Also vefer chart on page
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o1 AND MABS TRANBEER DATA BOOK

| Correlation and Validity Notations

’ |mrmmmwulurtubu. Rofor pago 126 for values of
. fully d""“”‘d flow Nussolt numbers

‘ao !hort Tubes Tbnrmnl
MWW

l(r,,l‘r st
= ], /
Nu « 1.0 \ D ’

: I)
| Re 'y o 10, constant heat flux
' \

Pr » 0.6, Also see churl on page
|10

| ,

127 Fully developed © Nu = 4,40
l-" AUy GQeVe 13 _N“ )

z constant heat (Tu : “Pr>06

8 R |, - /
i vl" I. L0 .-1;‘ o '. i g 1 :: +

and Validity Naotal ianis
: ‘-‘ .52. lt)“w IU‘“ 1.64) 7 f surface rowiess

! ) on factor. #iae rafes
i 2 » (y friction i»
:R"“ ¥ / v on nage 134
3 chart on pDaga J

SR e k4
L Sad e

ok wnrd )




222 Entrance region

¢ '_ A Short Pipe

Correlation and Validity

Nu = 0,036 Re,,0% Prod® x (/L)%

L
10 « < 400
D

.

See also figure on page 131

N Cl: €510
Nll =N]_| (14';7‘15) i p =

' = 1.4 for hydrodynamic fully
developed :
(' = 6.0 for hydrodynamic not
developed

Nu = Nu [1+ (D)7 ;2< —I’;— <20

; all developed flow

it Boelter eq.

Nu =0.023 Re,)*® . Pr”
n = 0.4 for heating of fluids
n = 0.3 for cooling of fluids

0.6 < Pr < 100, 2500 < Re < 1.25

L
B =2
x 10°; D > 60

Generally used equation, independ-
ent of thermal boundary.
Properties at bulk mean temp.

0.14
[N =0.027 Re,8 Pr0-333 ( M ]

My

.. | 0.7<Pr<16700; Rep, 210,000 ;

1‘-2 60

B (f/S)ReD Pr
107 +12.7(£/8)° [Pr067 —1]

constant wall temp.
cooling of fluids

constant wall temp.
heat flux or gases
es properties at

Notations

e ——

temperature
T, — wall temper

[ — calculated b,
given earlier

W, — dynamic viscos

M, — dynamic viscos

from chart on

Nu — evaluated at fully dev
oped condition

Nu — average Nusselt numk
for the short tube

Jj‘atT

n

v at wal

equation

n 2.1 of
ge 132



i | Correlation and Validity ‘ Notations

Colburn ananlogy | ' m 1 bullke temperature
P Prandtl Number at T

id Metals - Nuw 640026 (Re,, Pr|o”
L wall tem- |

l(““ l’l‘ = 100 - > 60
B

Heat Flux Nu =482+ 0.0185 (m.“ Pyl #27
| 3.6 % 10" < Rey, < 9,06 x 10°
10 < Rey, Pr < 10

Tubes, fully = Nu = 0,625 [Re,, Pr/04 |

but simpler | 107 < Re,,Pr < 10°: = > 60

Constant heat flux

Nu = 3.0 Re,"", Re, Pr < 100

—

The correlation listed above to be used = A — Flow area
P — Wetted perimeter

4A ;
| with D, = 53 where D, is known as

~ hydraulic diameter.

(Contd. on p.

Rough Tubes: By 8L P 0w, / | 8, Stanton Number at

"



NUSSELT NUMBER FOR FULLY DEVELOPED INTERNAL FLOW, LAMINAR

“ Geomelry Nu, Nu,
(L/D), » 100) o = conntant heat flux T, » connt,

4,364 3.667
2h )
o = (.9 h.331 4,459
2b )
% =] 3.608 2.976
20 1
%:2 4,123 3.391
2b 1

=Z 5.099 3.66

6.490 5.697

3.111 2.47

4,002 3.34



TRANSFER DATA BOOK

/i “‘ /i 1)
(t , N Iy My,
ki 0 /i

1746 V166 17

R A , A,

v

are tabulated helow

——

: ﬂ 0,06 0,00 020 040
1 11.91 850 6.54
0481 060

4,85 4.9%

/

V=(g gl "y,

C Comvelation and Validity

Values are tabulated below

0O 006 010 04
u, B.66 406 411 AL

)H"

().64)

.91

(.47

5,10

0,104 0182 0,246

(.54 J 1)

.14

AAYN A

£.24
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MINAR ENTRY REGION NUSSELT NUMBERS

Laminar entry region
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FRICTION FACTOR (See p. 1
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Correlation

LIQUIDS :

)

DUyp

p- Ll(i—: £)

. "
f = _&
S 7 |

also

150
f” i Re

for R(‘p <1

»

f, = 1.75 for Re, > 2500

Notations

| Rep Reynolds Number of packed bed

D effective particle

diameter = —
S,
S specific surface of a particle =
S,/V,

S surface area of particle
v, volume of a particle
mean specific surface

vm

U, superficial velocity, based o

area of an equivalent empt
tainer = €U,

U, average interstitia

fluid
3 void fraction or porosit:
density of the fluid
absolute viscosity o
gravitational cons
head of fluid lost ¢
length of packed |
friction factor
. volume fraction of part
same size
effective particle diameter of
si1ze 1
‘mean effective diameter

(Contd.)



PACKED BEDS (Contd.)

, : ‘—[ Correlation Notations

' GASES : -G mass velocity of the gas pey
unit area, kg/m*

Pressure drop, p,. density of gas at the arith
- RS metic mean pressure
. 2/ LG*
AP= £
| D‘)lli
f | p pressure of gas at entry

- for = <0.1
| p
i
% HEAT TRANSFER : . St Stanton number
hD, e ok heat transfer coell.
Nu, = “rg 0.8 Re 7 Pr0s¥
' Nu, Nusselt Number for packed
hD, ~ bed
k | D, effective particle diameter

-1.-;_8 0.5 Repo:\ +0.2 Re 07 py!8 | k thermal conductivity of fhuid

S " " | SOLBURN ; factor

From wall to gas, cylinder like filling | J COLBURN ) factor

|

‘ h -

ﬁl_)ﬂ =258 Re 033 pposs ' = 2 Gp0.607
k P

u,

0.8 P04 ‘
0.094 Re!' Pr hl\ convective mass tran=fer ¢o
For sphere like filling efficient, m/s
§ Qe S S N o
P2 —0.203 Re 03 pros S¢ chmidt number
i P
+0.22 Rep 0.8 py04

< 2000
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w' § CONVECTION

ﬂﬂu: PrOperties are to be evilunted at ’l'/ ('I‘”, 1 "', )/'/, unless otherwise

Correlation and Validity

|
L ' ‘ D

er with| 6, = 3.93x Pro% (0962 + Pr)? Gy, V7
B [ /

\ ; ,
| h, = Z‘h ‘Nu_ =2

et ienie)

% . r a
\ h' (’; l’/
\ constant wall temperature
Nu = 0,508 Pr'7 (0,952 4 Pr) 94 ‘)r," Z )
’ {/f,
for constant heat, flux
YU
Nu, = (.6 (Cr Nu frp )7
f"l' II“(;I,'-A" ]()
Nu’: 0.6 (Cq Pr)h? ‘
: - 1l : . {) 2
=y v;rNu,=(,N,r; Nu,
B there O i a function of Prandt] number
an l,:;},x}!,')’l"] below b
B th constant wall Lemperature and
constant heat flux ’
911072 1.0 20 10 100 1000
0,401 t0,.'306 0,427 1.549 2504
{ratd | ] Gr
q
TN
le with vertical.

Notations

filtn temperature
wall temperature
_free stream fluid temp.

boundary layer thick-
ness at x from leading
eddye
g.p.

U

i AT

=

wN

local Nusselt Number

average Nusselt

Number upto length L

| o & p. W — pres ¥
Nusselt Number at L

from leading edge
) ey

— Thermal conductivity

i

’I': I, 134
- Kinemat)

.

fluid

gpg =*
1'!'/:

N

—heat flux, V.
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Correlation and Validity

|l — "44#“-#—1 —— A ————————
P T |
g Descrzptwn |
) Upper curface cooled | Nu=0.27 (GrPr)*#
2.

or lower surface | 105 < GrPr< 10"
peated \

Constant wall tem-
perature

e . .
1 Horizontal Plate : Properties except 3 to be evaluated at

Heated Surfaceup | T =T, -025(T -T )
Constant heat flux | Nu =0.13 (Gr,Pr,)"%* ; Gr Pr, < 2 x 10
SEONGGr Pr )" 353

2 x 108 < Gr Pr, < 10"

222 Heated surfacedown | Nu = 0.58 (Gr, . Pr,)"”
constant heat flux | 108 < Gr,Pr, < 10"

2311Inclined  Plate s | Nu=0.56 (Gr,Pr, cos 6)*°
| urface fac- 9 < 88°,10° < Gr,Pr, cos 6 < 107!

Notations

Nu = average Nusse
number

Gr, = Grashof with proper
ties evaluated at T

T, =T,-025(T -T)

Pr = Prandtl at T,

f —evaluated at T

T, — Average wall temp.
@ = ang h vert

. EPhgx
Gr¥= T
ko~

q = heat flux, W/m-
Z =025 +

0.083 (sin &7




I

Description Correlation and Validity Nota fi ons

3.1 Horizontal cylinders| Nu = (C (Gr,Pr)™  (constant wall temp.)

(long cylinders)
Gr,Pr (84 m
1010 ¢0 10 0.67§ 0.058
102 to 107 1.02 0.148
102 to 10! - 0.86 0.188
10% to 107 0.48 0.25
107 to 10 0.1256 0.333

rizontal Cylinder Nup=

r 10,167 ¢
Grp— based on diameter

10.60 + 0.387 q----(';*r” PJ‘ 0508
0 .’mz.'.l e

e[|

10°% < Gr,Pr < 10"

0.518 (Gr,Pr)"

0.5625 |0 444
[“( goze) J
Pr

s GrDPr < 10?

1, = 0.36 +

¢ = Thermal difl ivity
L = Refer figure
Properties at

T = (T, +T,r

A = H x length of cavity




i Corvelation and Validity

1) dn

dmmup.ﬁtl‘lm | Nui‘-().'l!l( i ,lfu,,J (/1) "

0% 1y

i
5
§
¢

g Mo
¥
< 10, Wiy < 101, 4 < 4"

)44

b (R, /0.2 0 1] 0 907
g 0./

3 i ()
Nu, =047 Rt.l,,”"""’l'l"""' [ ' J

1

1
() « -Ii- < 40, I,

Nukudinns

P L

o/

SRITENITL ”l”'l"l/l‘/

CriLha
(1€ 1 ('Rt

robio, rede



Inclined cavities be-
low critical angle 6%

small aspect ratio

Correlation and Validity

a/*
Nu, 490

AN

NuL = Num:o (sIn t

H .
— <12;0<06<b”
L < <

Inclined cavities
above critical angle

- : 0.25
Nu =Nuy 4 _ g (8In 0)

0* < 6 < 90°
Nug =1+ [Nuyg_gp—1sin®

90° < B < 180°

)‘F )WM"

2TC keﬂ
7="71pY [T,- T,
5
D,
Reg Pr ]O‘")S )
- 0386 |————| Rap?®
B R (0.861 e L
where
4
2
D,
RaC = L3[Di—0.6 + DO“O 6]5 3 RaL
10%< Ra, < 107
NP - dnkyy . 1iry AT
0 ra it "1

|

2 Notations

To calculate Nu,, , and
Nu 400 WS€ equations in

section 5.0,

b .= effective thermal
conductivity, a sta-
tionary fluid should
have to transfer the
same amount of heat
by conduction

outside diameter

I

D, = inside diameter

T, = outside surface
temperature

T, =inside surface
temperature

k = thermal conductivity
of fluid

L — (D', = D.\ 9

Ra = Rayleigh number
based on

¢’ —heat tran-  perunit
length, \\

g —heat tr fer be
tween ycentric
Sph(“l'l‘r

L —Gaplen -

-‘-("'2—:'.
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B s e "ONVECTIVE,

70 FREE CONVECTION: SIMPLIFIED IﬂXI'RIaSSI('N\.S !f)l( ( :)':':/(" oyl

i HEAT TRANSFER COEFFICIENT FOR AIRAT ATMOSPHIEL D y /

nd Validity | h, Wim*K

i ) A,,‘ 0.26

1.42 ( 7]?)
; AT\

132 )
3 ‘! 'F 026

ieated face up/cooled face f 1 BZ(A }

k ’ l—l
L |
- Are erimeter)

4 AT 20

t cooled face up 0.59 TJ

1.31 (AT)"-333

1.24 (AT)v 33

1.52 (AT)043

[ AT 0.25 '
059 "l' )

g

s A0
— ) for laminar flow ang by




Correlation

"OM ED FREE  Gr/Re? >> 1
\AND FORCED

Free convection

ON Gr/Re? = 1 Mixed convection
Gr/Re? << 1 Forced convection
'd convection LAMINAR
Nu =

RRa -
i

0.14
1.75 [«“—} .
U,

[Gz+ 0.012 (Gz.Gr?333)1.333]0.333
 TURBULENT

[N 4.69 Re 027 Pro21 Grp, 27 (D/L)036

Re;, > 2000 and Ra,, % < 5000

OR

| Rey>800and Ray, 2 >2x 10°

N s : 0.11[05 Re 2+ Gr, Pr]03

i

| Gz = ReD.Pr

[
[

| Re =

T s ——

HEAT AND MASS TRANSFER DATA BOOk

Notations

Gz = Graetz number

D

u at bulk mean temp.

u,, at wall temp.

wnD?
U

w

Peripheral speed
Reynolds Number

- @ =rotational speed in

rad/s
D =2
(7]
' U = Kkinematic vi- sity of
fluid
N“,.= local Nusseli “umber
based on ra - R

r, = outside rad: -

r. = radius at whic) turbu-
lence starts
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COMBINATIONS

I Liquid {
Benzene

Carbon Tetra Chloride

‘Carbon Tetra Chloride

: vl alcohol

sopropyl alcohol

oo

utyl alcohol

ntane
lum carbonate K,CO,, 35%
i 1 carbonate K,CO,, 50%

b

VALUES OF THE COEFFICIENT C,, FOR VARIOUS LIQUID SURFACE

Heating Surface Cyr
Chromium 0.010
Copper 0.013
Emery polished copper 0.007
Chromium 0.027
Copper 0.00225
Copper 0.00305
Chromium 0.015
Emery polished copper 0.0154
Emery polished Nickel 0.0127
Lapped copper 0.0049
Emery rubbed copper 0.0074
Copper 0.0054
Copper 0.00275
Copper 0.013
Platinum 0.013
Brass 0.0060
Emery polished copper 0.0128
Emery polished and paraffin treated copper 0.0147
Scored copper 0.0068
Teflon coated stainless Steel 0.0058
Ground and polished stainless Steel 0.0080
Chemically etched stainless Steel 0.0133
Mechanically polished stainless Steel

0.0132

FOR BOILING HEAT TRANSFER COEFFIC ! NT
PHERE"

Notation

‘(Q/A) — Heat Flux, W/m

hp — Heat transfer coelnicient
at pressure, P

h — Heat transfer coefficient
at atmospheric pressure,




‘.‘"/‘,‘

water
Water
Water

[ET—

Brass
Brass

7 RN G (ST Units)

Surface

Brass

Nickel
Chromium
Chromium
Chromium

Copper

Chromium

Dirty

Clean

J
?
|
g
i

|

50

Apparatus
Horizontal Tube
Horizontal Plate
Horizontal Plate
Horizontal Wire
Horizontal Tube
Horizontal Plate
Horizontal Plate
Horizontal Plate
Horizontal Plate
Horizontal Tube
Horizontal Tube
Horizontal Plate
Horizontal Plate
Horizontal Tube
Vertical Tube
Horizontal Tube

(:

763950 »
2.1400 »
().4590) »

76:3:M)
1.2200)
().0464)
(.1070
(). 1%:30
().0464)
().4590)
05315
0.4r92
0.0154
0.6:300)
().0464;

0.1373

SURFACIK TENSION, ©

~ Temperature, °C

0
10
20
30
40

OF WATER AGAINST AR

., ¥/#

L} "‘lf)n

0.0679

0.0662
0.0644
0.0627
0.0688

7

/



RELATIVE MAGNITUDE OF HEAT TRANSFER COEFFICIENT IN NUCLEATE
BOILING AT 1 atm RELATIVE TO VALUE FOR WATER

F Fluid h fluid! h water
Water 1.0
Water 200 Sugar 0.57
10% Sodium sulphate, Na, SO, 0.94
26% Glycerin 0.83

55% Glycerin 0.75
24% Sodium Chloride, NaC| 0.61
Ispropanol 0.70
Methanol 0.53
Toluene 0.36
Carbon tetra Chloride 0.35

n-Butanol 0.32

o -

ATE BURNOUT HEAT VALUE AT 1 atm

(QIA)max EWIm? AT critical

620-850 -
Bonbe plated 940-1260 2328
1290 30
130 e
160 -
210-340 4250
 250-330 33-39
{ 170 i
250 »
390 E
350 -

11




o
l'Rf'\CE TENSION, 6 OF WATER AGAINST ITS VAPOUR

Temperature, °C ]] o, N/m

|

| 0 | 0.0755

‘; 20 \ 0.0729

’ 0.0695
0.0661
0.0627

| 0.0589

| 0.0487

| 0.0462

‘: 0.0378

| 0.0261
0.0143
0.0036
0.00156
0.0000

W#mo-alﬁzu 0()»,’ 167 /» NV/m. Tin K

s —————

N moFLlQUIDS IN CONTACF WITH THEIR VAPOUR

°¢ 1 o, Nim

0.02890
0.02790
0.02480
0.02630
0.02370
0.02120
0.02340
0.01820
0.04150
0.00118
0.00912
0.02700
0.01730
0.00660
0.02360
0.02270
0.02190
0.01710
0.01340
0.09180
0.07640
0.02010
0.02890

: »f, o
=]




1 kJ/kg = 0.2392 kcal/kg
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HEAT AND MASS TRANSFER DATA BOOKk

APPROXIMATE OVERALL HEAT TRANSFER COEFFICIENTS FOR
PRELIMINARY ESTIMATES

o —————————————————————————

Duty " Overall Heat Transfer Coefficient, U
i | Wim?K
feam to water-instantaneous heater 2300-3500
jeam to water-storage-tank heater 1000-1800
am to heavy fuel oil 60-175
um to light fuel oil 175-350
_".tn light petroleum distillate 300-1200
aqueous solutions ' 600-3500
" ! to gases 30-300

10-30

60-175
900-1600
100-350
230-600
250-700
450-900
900-1500
390-900
300-900
350-550
200-350
600-1200

250-450
100-350
60-250
60350

- 1756-350




L AT AND MASS TRANSFER DATA BOOK

HOULING RESISTANCE, R,

Fhad

Sea Water below 52°C

Sea Water above 52°C

Treated Boiler Feed Water above 52°C
Fuel Onl

Quenching Oil

Alcohol vapours

Steam, not mixed with Oil

Industrial Air

Refrigerants

build up on heat transier

Factors R and R, .

! ? : 7.,
Dirt lavers that graduail

for by the use of Fouling

EXPRESSIONS FOR OVERALL HEAT TRANSFER COEFFICTEN
"CTIONS

U, AND U, FOR TUBULAR St
—L-L+R,‘,+—‘— ne+oR, +
l_"u hn rn =
1 1 r, A
ijj"'g'—"Rﬁ""k-ln;:"‘f'r—uR’

Fouling Resistance, R,

m?’K/W
0.0000827
0.0017540
0.0001754
0.0003770
0.0007051
0.0000877

0.000087%

7
0.0003525

0.0001754

o
L]
A uTa

r 1l
r h

Ry, |
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TEMA NOTATIONS FOR HEAT B AN I 45
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MEAT AND MASS TRANSFER DATA 300K

CORRECTION FACTOR PLOT FOR EXCHANGER WITH TWO SHELL
PASSES AND FOUR, EIGHT. OR ANY MULTIPLE NUMBER OF TUBE PASSES
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m.:c‘l‘l()N FM‘"I‘()R PLOT FOR NINGLE PASS CROSS-FLOW
s(‘HANGF‘R‘ ONE FLUID MINED; OTHER UNMINED
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HEAT AND MASS TRANGEES LA §/ 4

CORRECTION FACTOR PLOT FOR SINGLIE, PASS CIROSS 41 AP
EXCHANGER, BOTH FLUIDS UNMIXED
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g A0 MASS TRANSFER DATA BOOK

S—PARALLEL FLOW
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HEAT AND MASS TRANSFER DATA BOOK

EFFECTIVENESS—CROSS FLOW, BOTH FLUIDS UNMIXED
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HEAT AND MASS TRANSFER DATA BOOK

EFFECTIVENESS——CROSS FLOW, ONE FLUID MIXED
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EFFRECTIVENESS  CROSS FLOW O HOTH FEUIDS ATENED
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RAGE DYPE HEAT ENCHANGER

““.\‘““m TEMPERATURE VY ARINTION ALONG
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HEAT AND MASS TRANSFER DATA BOOK

STORAGE TYPE EXCHANGER—EFFECTIVENESS

Periodic-flow exchanger
Performance for C_./C, ., =

Matnx
Cold flow —»
100
Counter flow —
5 o] |
15 e,
o 5— /,/5/-—"
IENY~Z4 i
5 P
A
o
£ g 6 8 10
a sfer units, NTU,
 page 155
T:::il::.
:;h"‘;-‘_

Effectiveness ¢, %
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90

80

70

60

50

Periodic-flow exchanger

Performance forC_ /C._, =1
I
—/\.@\/\Q— Hot flow

zC:A/ Matrix

e
o

Cold flow —» 225

=

Counter flow (C/C_,,)

TSN %

NY%~Z

A

1.5
/

\/ -
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~ T
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|
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Modified transfer units, NTU,



mNSVERSE FIN HEAT EXCHANGER

ations

lalld

% Pr—O.IHH

Notations

Refer figure next page for
FD, OD, ID, TP, FL, FP and t

mass flow over tube bank, kg/s

m —

L. — height of tube bank

NT — number of tubes in bank

G — mass flux kg/sm?

NF — Number of fins in length L,

NF=L/FP

D = Equivalent Diameter, m

AF — Fin surface area, m?

AB — Bareareaover the fin leaving fin base, m?
p — perimeter

hp — Fouling factor on the outside.

hp — Fouling factor on the inside.

h — effective convection coefficient on outside.

effective convection coefficient on inside
convection coefficient inside tubes
convection coefficient based on inside area
fin efficiency, refer section on {ins

overall heat transfer coefficient

heat flow required calculated from mass
flow and temperature change across the
~ bank.

inside area required for the heat
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NUMBER OF TUBES PER SHELL FOR DIFFERENT TUBE SHEET LAYOUT

1P

: .Am"gement Triangular Pitch Arrangement
: ] _ i 3
310 38.1 190 | 254 | 310 381
39.7 476 254 ; 3go | @7 | w6
|

2p 1P 2P 1P 2P IP 2P
: | |

371 30| 21 6{ —| —! —
61! 52| 32| 32| 20 18, —| —

S ——

92 8 5 52 32 30 18 3H
109 106 68 66 38 36 271 2
151 138 91 8 54 51 36 A4
203 196 131 118 69 66 48 4
262 250 163 152 95 91 61 58
316 302 199 188 117 112 76 72

384 376 241 232 140 136 95 91
470 452 294 282 170 164 115 110
550 534 349 334 202 19% 136 131
630 604 397 376 235 228 160 134
745 728 | 472 454 275 270 14 17
856! 830 538 522 315 308 215 206
970! 938! 608 592 357 348 246 238
umi 674| 664 407 390 275 268
6[1176 | 766 736 449 436 307 299




BASIC EQUATION FOR DIFFUSION COEFFICIENT

T ' - i srme———— e ————— =

D,, —Diffusion coefficient of material A into “

, material B, m%/s |
- ture, K 3

,. ; 0.04357 T ] ] ) Temperature |
} PIVY™ 4+ V23312 \ M, i Mg P — Pressure in Pascal ‘

V,, V, —Atomic volume of A and B — refer table

M,, M,— Molecular mass of A and B

i ':'.-‘. v

 Material Atomic Volume
Air 29.9
Carbon 14.8

Carbon Dioxide 34.0

Hydrogen 14.3
Nitrogen (N) 15.6
Oxygen 7.40
Jxygen, in union with S, P, N 8.30
gen, in acids 12.0
18.8
21.6
27.0
37.0

8.70 i

25.6

27.0
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pﬂ' AND MASS TRANSFER DATA BOOK

\IASS TRANSFER

Correlation and Validity Notations |
N JC N |
i = e x of dif fusing com-
ady state A b - A mole flux of di uqmg')
: i ponent A in kg mole/m? s.
"o __p,, %o N flux of diffusing com
S - =0 ' sing ¢ -
(Solids, | A ab dy A mass flux of diffusing col
ponent A In kg/m?s.
A —Area, m? normal to the di-
rection of diffusion —y.
% =D _C.al__CaQ C, __concentration of component
A v Yo =N A per unit volume of mixture
m _C of components A and B. kg
& =Dy Pa1 ~ Za2 mole/m?®. When used with
A Yo =N N i
| —A—a and kg/m? when used
| with m/A.
| D, __diffusion coefficient when

’ component A diffuses into
component B. m*/s. Refer
p. 180 and 181.

P_,P, partial pressures of compo-

D 1. dP, nents A and B in the gas
e : )
R T dy mixture

R —gas constant for component

a

A
! R —universal gas constant
[ T —Temperature in K
[f | P —Total pressure =P, + P
1
A P, —Partial pressure of non-dif

fusing component

P,,, —logarithmic mean parue
pressure difference

(P~ P, VIn(P, /P,

i

(Contd.)




into stagnant

(N, = 0)

sion through solid
ary (similar to con-

1

|

HEAT AND

Correlation and Validity
N -P.n O
— - Drl "mix Q"J J)‘J!' y 1)
A Y2 =Y (’lull -
'nu - Dnh
Plate AL P e
" Hollow cylinder of length /, p
2D, . lp,, —p..
'hn = It ab Pu::l ﬂul) I,““,,_ .
In "2
n
Sphere
= 41{"1"2(})111 - pu'!.)
. =
(ry = 1)
I,
prrl’
Note : The charts, tables and |
equations used for  p,.
transient conduction
can be used with the | P,
following equivalents,
5’ T-T" = pa » p“"’ h'm
L P - P
at_Dut
mﬁ L2
trans- | D
d, the 5”'

¢ | Sh,

MASSE TRANSGFES DATA &0 )¢

Naotations
J
- | '
X N/’ !\\, ) ,'\:/
D, b, b,
N,}, N, .N“ maole fraction o
component 1,0, 1) in the
mixture hefore diffussion
total pressure
sum of the partial pressure
of components other this U
diffusing component
C=C +C,
7 /
Y e lC . ~C T
(’hm ((’hZ ‘/JJ/J“ 'b/ ‘b’
-mass diffusing rate
P, — concentration, ky/m’
—concentration of component

A in the free stream

— initial concentration of com
ponent A

—convective mass transfer o

efficient m/s defined
through,

1

7\ :’Lm Il)ul ")uzl

—diffusion coefficient, 1/
—mass transfer bous
layer thickness at »
~hydrodynamic bouio
layer thickness nt »
~local sherwood num!lx
h, 2D
= 8chmidt number, w/pl), 1ol
M 183, 184
olds number
ood number
transfer

) for Stanton




Corvelation and Validity

Sh, = 0,0200 Ro 0 Mot 10
0.0« He o« 10060
Shos 0007 Ret?
Bx 100« Ro = 10"
0.0 « He « 1000
Short lnmdnne longlh o

Sl = (0,097 Re" - NT71) M Vi

') (0
My i 002800

i :
T He /

8h = 0,02 Re" M He! 1
2000 « Re « HH000,
0.0 « Sc < 2.0

[ v Hongh pipes

: N 'qt‘ﬂ L.
. ‘ H

/i

Nutullunas
o contlicien

el ive priiies Lpgis
coedlieient

fpue whiowin veloeily

(plebiom foeter  wigrinti
for W fnehine e giver

e cappivee i ¢ hgites

hent Lranslor coethie

W/hin' K
density, kg/mn’

specific heot nt consl
’”'m:t:l!fl', :’/l’[{ "-

Laoowin Nl M

/1)
thermnl diffusivity, m’

minas Lronneler roneftie e

fromn A Lo interface

1l fvmpieler cocflicie
:IHH lrl""nll ts) ,,,1/],:

£

1““)" s i

tables) pogoe 1D




» L ) T 'l" )
~~ ? R, .
P P !
’J'\ \;‘ mn :
‘\ T A 1" ‘ '
. . R& '\‘)J .(‘n“'
T L AN
1 i 1 w = 5\ E Qo m
l\h *\"‘.‘A‘ ¢
r -1 0,6‘.2:2)5‘&. ‘ .
~ e «‘,lx‘(\“' : P P
i y _ \‘N - :\1‘ } ll\“ﬁ:‘
tn ‘1;1 h.@

h

I
T

'l\,‘

R

W

h .

. A 4 &

Naotations

pavtial prossure of wals J
vapour ot wet hully tey,
porature, 1

partial pressiile of walag
VAPOur i ah

convective heat Lransfor

cooflt for air Lo wales

enthalpy of evaporatio,

for water al temperq

ture, ',

abs, hamidity of air at
Al

tomp. 1"

abs, humidity of air ot

tomp, T

total pressure

tomperature of air (dyy
bulh)

— Mean temperature

TRAN constant of water
vapour,

abs, humidity of nip af

the final equilibrium air
» "

toemperature I, ky/kg

abs, humidity of the ini.
tal air at the initial air
temperature ' :

specific hoat of uir

specific hoat of water
Vapour




1
i i

e ot ¥ C R ‘: ‘|
N AT
pedeind L

4 Dehumidification | Y. humidity of sir at el
B YR Y | % e tewer
r
Yhy ¥y =¥ | Y, humidity of air s exa
f Lower

A total ares for s
| transfer = a & 7
| Z mass flux per uost G
, i | ' |
. i ‘ | s cross sectiopal aes of
tower

a interfacial ares vt ¥o.-
ume

h liquid phase heat trage
" for coofficiont, Wies

gas phase heat transfer

L
TR )

A il et e It




Concepdration of — Wflumpn
. pu

Solute, llissnid
by s’ W),y
Acetic acid Water 125 0.0] UHiil s W
Acetic acid Water 125 ( Urz i
Acetic acid Water 1£9 Vol /i
Ammonia Water 5 2.5 | 25 /W
Ammonia | Water 15 | Ul ;WY
~ Carbon dioxide  Water 19 X A1) s W
| Carbon dioxide  Water % i bl 4
LiOubonitoide | Bihenst 17 x 43946 + W
Chlorine i Water 16 9.32 12600 » Wt
Chloroform . Ethasol % 2 | L /W
Copper Aluminium 462 - Y2474 » W*
‘Ethanol Water 19 95 VEWNS , W
Ethanol Water 16 2 VIWY » W*
Ethanol * 9w 395 9 19
 Hydro chloric acid % 95 24686 7 197
 Hydro chlor 9 15999 » 49%
19 2599 » W*
9 2% » W*
1 0% » W
B (A4 | s




ST S—

Ethanol
n-Butanol

n-Butanol
Ethyl acetate

Ethyl acetate
- Aniline

Aniline

Chlorobenzene

hlorobenzene

D FFUSION COEFFICIENTS AND SCHMIDT NUMBER

Temperature
'C

Diffusion
Coefficient
D, m®/s

10.19 x 10
8.69 x 109
10.19 x 1078
8.69 x 10°¢
10.39 x 10°°
8.69 x 10°°
10.61 x 107
7.39 x 107
9.00 x 107°
7.39 x 107°
9.00 x 10°°
21.60 x 107
7.50 x 1078
5.14 x 1076
29.44 x 107°
11.89 x 1078
60.56 x 1078
18.47 x 106
8.81 x 10
18.50 x 10¢
7.69 x 107
10.11 x 106
11.81 x 10
54.72 x 10°°
77.50 x 106
73.89 x 1079
62.50 x 109
3250 x 10°¢

20.17 x 106

Schmidt
Number

0.634
1.83
1.37
3.26
1.14

0.158

1.68

1.93
1.36

l.wf)

0.25

(ol
v2]
=) IO

e«
Pt
s ]

0.00424
0.895

|
[
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BINARY DIFFUSION COEFFICIENT AT ONEATMVOSPHERE ,_

, :: l 7, . " ! Diffusion Solubilits
E s Coefficient, D, kmolim’ bar
wor 20 | 0.1% » W0 %
-~ Air 0 11 = 1074

0 10 = 10°*
20 0.27 x 107
20 16 = 107*
25 0.11 x 10°° 40.15 x 10
20 4 x 12 045 x 10
55 — 901 x 10—
; 20 0.26 x 1972
{ 27 62 % 10°%
25 0.15 » 10 1.56 x 10

021 x 10-%

13x10%
063 x 10%

; 2.0 x 10%
‘ 0.12 x 10-*
069 x 10%

094 x 10%

63 x 10°

26x10°

24x10%

i




SCHMIDT NUMBER OF VARIOUS SUBSTANCES AT 20°C, Sc*

when in dilut

| BT o
Acetic acid
Acetic acid
Acetylene
Allyl alcohol

AINMOon:.

e solution in water, ¢

e,

thyl alcohol or benzene.t

Solvent

Water
Benzene
Water
Water

»
”

”

Ethyl alcohol
Water
Ethyl alcohol
Benzene
Benzene
Water

~ Benzene

1140
384
645

1080
570
840

1310

; 559

4 445

! 824

1230
350
301

1005

1400

196
712
381

1300

2340

1730
785
613
390
665

; 558

1200

; 1900

479
1150
1440
2720
1260
745
665
2230
’ 580
£ 944
1090

the following relationéhip:




SCHMIDT NUMBER OF GASES IN DILUTE MIXTURE WITH AIR?

Gas Molecular Weight Schmidt Number
M Se’
Acctic acid 60.05 L%
Acetone 58.08 1:60
Ammonia 17.03 | 0.61
Benzene 78.11 1.71
Bromobenzol 1567.02 g 1.97
Butane 58.12 ( 1.77
Carbon dioxide 44.01 } 0.96
Carbon disulphide 13 1.48
Carbon tetrachloride ) 153.84 2.13
Chlorine 70.90 1.42
Chlorobenzene ! 112.56 2.13
Chloropicrin | 164.39 2.13
Ethane ’ 30.07 1.22
Ethy] acetate ‘ 88.10 1.84
Ethyl alcohol | 46.07 1.30
Ethyl ether , 74.12 1.70
Ethylene bromide “ 187.88 1.97
Hydrogen 2.016 E 0.29
Methane 16.04 * 0.84
Methyl alcohol 32.04 | 1.00
Methyl acetate | 74.08 | 157
Napthalene 128.16 . 257
Nitrogen 28.02 0.98
n-Butyl alcohol 74.12 1.88
n-Octane 114,22 262
n-l:rnpyl acetate 102.13 1.97
:)-l ropyl alcohol 60.09 155
X¥Ren 32.00
Pentane 72.15 -



e s T T T —— R )
Gas Maleessor Weight Schmidt Number
o Se*
Phosgene 98.92 1.65
Propane 4409 1.51
Steam 18.016 0.60

' *“ 64.06 1.28
i Toluene 92 13 1.86

t W’Nm] of gases in dilute mixture with air
relationship :

may be deduced from the following approximate

S¢* = 0.145 M*5*
Schmidt number of 2 gas mixed with zir in zny proportion may be determined in the following way :
v
Se= por S¢*
where
v, kinematic viseosity of the mixture, m™/s
s,

v*, kinematie viscosity of the component in 2 dilute mixture at the mixture temperature, m

T FOR SELECTED GASES IN WATER AT MODERATE

H =fAC‘, C—concentration
CH, o, H, y B

22880 25500  58.000
30.500 61,500
37,600 66,500
45,700
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MR
HEAT AN MASE TIANGIER (541 191

Jable 10 PE Prager |
I IEriles of e Pige Vhikde 1 ithisiom, Mot nssinm, Sodinm and Mercury
| At

Iy 1y /. Py ‘p o
Wit o W kIgC  NmA¥

R /// tr /4 i 41 bl 0.547 2.9

ey Wy t /A i “4 (.17 t.557 985

Wi /1 fr 4 i A% (1.4% 0552 275

4/ i (14 I 4 0.9 (5% 260

f Hm W Yy Vi, . 0. 5%92 240

URLZ ity 4 AL, 4.4 0,542 275

) 4 444l W Y Y11 5.4 0.5%7 2.30

e 0AM) 7 44 41 B 0542 2.0%
Potussium

m i ‘ irry ARl (171 (175 (.0 5.92 9.5

' (AR Al Ik (.14 (1,1 .ty 542 9.04

WAt A 4t 14 (.14 7 5.92 8.69

4 Al .17 017 0.4 5.92 544

(47 4491 1% 037 .10 5.92 816

it A1 #1 .14 h.14 0,19 592 7.86

144 Al 44 014 014 0.4% 5.5 7.51

Vi (.17 (.14 0461 542 7.12

W (.14 0.4 0.5 5.92 6.72

i .11 (.2 1,55 532 6.32

w (.10 (.4 4.5 5.92 5.92




le3: HP3 Pr i . .
Tab oOperties of Heat Pipe Fluids - Heptane, Acetone, Methanol and Ammonia
Heptane

Hy My P, oy o
: : cP ePxIt’ bar  kMhg°C  NmxItV

-23 m4 g&?‘g 0.01 0.143 0.69 0.67 0.01 0.8 2.42
208 362.2 > 683, ] 017 0.141 0.53 0.60 0.02 0.87 2.2}
0 | ‘a8 mo 049 0.140 0.43 0.63 0.08 0.92 201
' ' 9.4 o9 0.139 0.34 0.66 0.20 0,97 I K1
B s “j 6490 | 145 0.137 0.29 0.70 0.32 1.02 1.62
= Do 631.0 231 0.135 0.24 0.74 0.62 1.05 1.43
B P 6120 3.71 0.133 0.21 0.77 1.10 1.09 |25
| o 5920 608 0.132 0.18 0.82 1.85 1.16 1.10
0.03 0.200 0.800 0.68 0.01 2.00 3.10
0.10 0.189 0.500 0.73 0.03 2.06 2.76
0.26 0.183 0.395 0.78 0.10 2.11 2.62
0.64 0.181 0.323 0.82 0.27 2.16 2.37
1.05 0.175 0.269 0.86 0.60 2.22 212
237 . 0.168 0.226 0.90 1.15 2.28 1.86
430 0160 0192 095 2.15 234 162
6.94 0.148 0.170 0.98 40.43 2.39 1.34
| 11.02 0.135 0.148 0.99 6.70 2.45 1.07
1861 0.126 0.132 1.00 1049 250 081
0.01 1.20 3.26
0.02 1.27 2.96
0.04 1.34 2.63
0.10 1.40 2.36
0.25 1.47 2.18
0.55 1.54 2.01
1.31 1.61 1.85
2.69 1.79 1.66
4.98 1.92 1.46
7.86 1.92 1.25
8.94 1.92 1.04
0.27 2.050 4.062

0.76 2.076 3574 |

2,100 3.090
2125 2,480
2 150 2,133
2,160 1833 |

2.180
2210




Fable 4: HP4 Properties of Heat Pipe Fluids - Nitrogen, Helium, Ethanol, Water and Pentane

Nitrogen
E I‘I I My ! Hy | 2 v "pr L/l
] W/m “C cP oPrly ki har . g “C Nimxly

1.8 Lo | zam | 0K 0.4% J Ay 1 4

4K Co0aas L 051 L0774 | 2 0.0,

7.10 Coo0amm L s 086 7 1079 0.5

10,59 LAY L 080 i LT 0.1

14,64 L 02 f Lo% 065 4,99 1074 044
22.00 07 Co0en 0 6,68 1 0972 0541

343,50 L0110 L0 | 07T | 837 14770 0464

4660 L 01048 L0k 0 11.07 1 (¥4 0.7

#0690 0089 092 | 100 19.47 1.065% 0.1%45

1 194.00 0.075 | 065 150 | zam0 | 105 0.110
26,0 1.51 [ 3.90 .20 0.06 2.04%5 0.26
17.0 2,24 E .70 [ 0.30 0.52 2,699 0.19
10.0 297 2.90 0.60) 1.00 4.619 0.4
8.5 3.50 J 1,94 0,90 2.29 6.642 0.01

——

0177 240 | 075 L 001 1.25 2.76

0.173 220 | 0.#0 L 002 1.31 2.6

0,170 150 | 085 0.0% 1.37 257

0,168 1.02 0.91 010 1.44 2.44

0.166 0,72 0.97 029 1.51 241

0.51 1.02 076 1.5% 217

0.37 1.07 | 1.43 1.65 204

0,24 1.13 266 | 1.72 1.49

0.21 1.18 4.30 1.78 175
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R l“‘ Naviation of Thermat Conductin iy wind N iseasity ol
- Rlorodiluoramethane and R0 Wloradithoas i the

“ - :r ' : . 'v
PN %M : Jagund Ve Ligiend

|

- | Sae ' L& ) ' ALIREY Aol S
- 881 %W W A N
-3 | s 4 & @ Y URE ARV
-® S8 e Wl and
-3 7 a2 W ﬁ SR 7.9 A0 6
- 306 ;;‘ aMm @ WY 1A ST
) m Q9 88 7.80 27
-% m 1010 SIRY 01 2600
-0 WS | 1™ ™ | B3| 2404
& 4 B LS 730 | 882 | 20
1 73 862 | 2270
- 76.6 8,73 2000
e | 8B4 | 282
. 2= 895 | 210
RN 9,06 208,19
| ' 2044

1007

RLEEA

1
S 5 :
1 % .
i
¢ :
e o 1
g |

Visvonity, i = 10

N0, Clidadiflimp et hiiie

ity he 1o

Voijimiii Ll
"0y V6
iy 1444
T I 1yn
1)t Jigd
NPL MR

J0).1H 06 6

1O 44 J0):H.4

J ) 1041

1104 N

11,24 Wh

11,42 064

1Al 0h

11,60 DA

11.69 04,4

11,68 0.

1,77 | 922

e B

1224 | W17

1249 | #HY

1274 | 2
95 | B4

.7
2 | 169

__"

Visgminiy

f) 1
H 1Y
6O
/W
/4]
[ W
Mo
oAl
w
R
Yin
VA
YAz
.56
b
.44
1014
10.61
10.96
11.49
11w
12.64
14.0%
15 %5
1445
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HEAT AND MASS THANSGEEH DATA 10K

Table 6: Variation of Thermal € onductivity and Viscosity of
R134a, Tetrafluorocthane and R717, Ammonia

a, Tetrafluoroethane R717, Ammonia

t Conductivity, k x107 Viscostty, ux 10" Conductivity, ke = 1 ;

| 8092 7.89 126.0 576 | 4760 | 7.03 W21 | 1975 |
| 6631 8.30 120.7 6.56 391.3 7.30 0| 1998
1 8351 8.72 115.6 7.36 328.9 7.67 722.3 20,24 |
m 9.12 110.6 8.17 281.2 7,46 (GHH, 1 20,64 |

| 4064 9.52 105.8 8.99 244, 1 8.16 664.6 | 2115 |
9.68 103.9 9.32 231.4 8.27 GALG 21.38 |

- 9.92 101.1 9.82 214.4 8.45 622.0 2177 |

99.2 10,156 204.2 8.7 G091 22,06

96.5 10.66 1902 8.75 600, 1 92.60 |
94.7 11.00 181.7 8.87 677.7 22,83 |

93.8 11.17 1777 8.93 571.6 243,00

L 11.34 173.8 8.99 565,53 25,18
11.51 170.1 9.06 B69.2 23.37 |

10.69 166.5 9.12 6531 23,56

11.86 162.9 9.18 H47.1 23.76

12.04 159.5 9.24 H41.1 23.96

.40 163.0 9.36 529.1 24.37
144.0 9.56 511.6 25.04
138.3 0.68 4999 | 25,62

1304 | 9.87 4827 | 2629
126.6 | 10.00 471.4 26.86

10.19 454.6 97.74
.33 443.5 28,38
4271 29.41
- 416.3 30,16
12,26
44.80
7.1 38,00
1 | 39.95




EAT ANDMESS TRANSSER DATA 300K

Tabie :‘%Jl\(\m\al Conductivity and Viscosity of
| ?% Cardan Diovsde and R32, Diftuoromethane
 Qardon Dhavide Refrigerant 32, Difluoromethane

L kX20° Viscosity, u x10° Th, Conductivity, k* 10’
Vapour  Liquid  Vapour Liquid — Vapour

-® NS nss 1593 1234 2246 97D 182.2 5.9
-8 I 1= IS8 R y IR 239.0 9 84 180.8 9.0h
-8 T 123 1493 13.43 223.2 10.10 176.7 940
-3 IS8S 23 T 1394 2134 1027 173.9 9,60
-2 | %3 nss 1393 3.49 204.1 10.45 171.1 9.91

- = . - SRS - § ) SRR R 3.00 1952 10.63 168.3 1018

-®  IaS 1338 1522 15.42 191.0 10.73 166.9 1032

s ;™S @ 12Ts 16.14 1827 1091 164.1 10.61

| Iz 1230 16.54 1738 1101 162.7 10,76 |

1386 15 16.96 1729 11.10 161.3 10,92 \

Bl | v 1711 12.20 159.8 11.08 |

. 139 1674 11.30 158.4 11,26 |

18.44 163.8  11.40 157.0 11,42

19.03 1602 1150 155.5 11.60 '
19.67 156.7  11.60 154.1 11.79

1538 1171 1526 | 11.98 |

1499 1181 1501 | 1219 |

11.92 149.6 12,40 |

12.03 148.2 12.62 |

12.14 146.7 12.86 |

451 | 1811 |

1436 13.38
1421 18.67

| 13.97
14,30




60

100
105

115
120
125
130

140

110

135

41856

4.196
4.216
4.222
4.229
4.236
4.245
4.254
4.263
4.274
4.285
4.297
4.310
4.324
4.339
4.354
4.371
4.408
4.449
4.497
4.5561
4.613

: ¢ '»3'-‘; {

Vapour

1L.O1H
1.962
2.028
2018
2.070
09
120
47
176
207
241
276
2.314
2.3566
2,397
2.443
2.491
2.696
2.713
2.843
2.988
3.150
3.331
536

-~

| SR S 8

| S O]

o

-
S~

t

Thermal Conduc-

Prandil
Number

Dynamic

Viscosity, p
Nym? = 10"
Liguid | Vapour
166.8 10401
466.0 1160
282,2 12,28
2G7.9 12,46
2649 12,62
243.0 12,79
232, 1 12,07
222,0 1,14
212.7 13,32
204, 1 13,49
196, 1 13,67
188.7 133,84
181.9 11,02
176.5 14,19
169.5 14,37
164.0 14,60
1568.8 14,72
149.3 16.07
141.0 16,42
133.6 16,78
127.0 16,13
121.0 16.49
[ 1156.6 16.86
1106 | 17.22
[ 106.8 | 17.69
i ST, 17,98

rivity, k,

Wmk=10"
Liquid — Vapour
GO0.7 | 2110
GO6.M | L2 K0
0776 24,14
G700 90,41
404 L0, HA
GH2.2 | 2609
aus 26,90
(44,0 27,50
(44,1 LR
(1410 28,77
GHA.D 20,4
(44,2 40.09
(GH,0 30,77 |
6827 | 81,49 |
681,5 32,22 |
G50, | 32,98
G78.0 39,77
G74.5 36,42
G6H .4 37.20
663,14 39,10
666,19 41,14
648,43 43,36
649,45 46,74
629.2 48,54
618,1 61,18
606.9 H4.33
5926 | 67.84

Liguid  Vapour

4,00
2.2
T
|, 660
51
1,604
|.A4%
I,/3M0)

1,020

1,274

|, UM

1,180

1,147

1,112

1,079
1,060
1,024
D760
9372 |
9056
BB0Z |
B607 |
BA464 |
BUTH
B335
.B346
B410

)
W
1,004
1.0y
1.01)
1O1H
10724
1.024
1,030
1.045
1.04]
1.047
1,064
1.062
1,069
1,077
1,086
1,104
1,125
1,147
1,172
1,198
1.227
1,260
1.297
1.339
1.390
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Table 9: Thermal Conductivity. k. of Steam and W ater
at Various Pressures and Temperatures

75 100 150 200

553 5546 5559 8385 8610

5694 6708 6721 6748 6774

BTRS £R02 6817  .6831 BS38  BR83

120 ' 02629 @ 6834 @ 6838 6547 6362 6877 6392 6921 695
140 .02794 6846 6350 6260 5RTE 6392 6908 6940 6971
160 02968 03142 6818 6829 G847 BR55 6832 6916 6930
65794 ) B 3

|
)
v
o
ot |
Qv O
L= I
N
0o
LI ]

180 .03149 .03263 .03541 6757
200 .03337 .03424 03606 5
220 03529 03598 .03728 .6485 6511 65:
240 03727 @ 03784 03883 04381 .6312 &3 5
' . 03979 04059 04424 6063 6098 6l

280 04137 04181 04249

i




Table 10: Dynamic Viscosity, (u x 10°) of Steam and Water
at Various Pressures and  Temperatures

HEAT AND MASS TRANSFER DATA BOOK

B | =
10 25 50 7 100 150 2200
E .
466.8 466.9 = 467.0 167.3 467.9 | 468.4 468.9 | 470.0 4711
355.0 355.1 | 355.2 355.6 356.2 | 356.9 357.5 358.8  360.1
12.28 282.3 | 2824 282.8 283.5 | 284.2 284.9 286.2 ?287,5
13.03 232.1 | 2323 232.7 233.4 234.0 234.7 236.0 | 2374
13.80 | 1962 1963 196.7 197.4 198.0 198.7 200.0 | 201.3
14.42 | 169.6 170.0 170.7 171.3 172.0 173.2 | 1745
15.24 15.07 | 149.7 150.4 151.0 151.6 152.9 | 154.1
16.07 1593 | 133.6 134.5 135.1 135.7 137.0 | 138.2
16.79 | 121.0 121.7 122.3 122.9 124.2 | 125.4
17.64 17.37 | 110.9 111.6 112.3 113.6 | 114.8
18.50 18.28 | 101.6 102.3 103.0 104.4 | 105.8
96.19 | 97.68 |
88.30 = 90.05
80.17 | 82.40 |
70.56 | 74.05
23.25 | 62.57
24.05 | 2568
2491 | 25.96
25.79 | 26.61
26.66 | 27.37
27.54 | 28.18
28.41  29.00
29.27  29.82 |
30.12  30.65 |
30.97 ;1.481}
31.80 32.30
3263 33.11
33.4¢6 13.93 |
34.27 34.73
| 35.08‘ 35.53
- 35.88 36.32
86.67 | 37.11
; 37.89
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Table 11: Prandtl Number of Steam and Water
at Various Pressures and Temperatures

60 3.002 3.001 3.000 2 2 939

100 1.004 1.756 1.755 L.75 1.752 1.%51 1749 1.740 IEN
120 0.994 1.441 1441 1441 1.439 1.433 1437 1.43¢ 1.434

140 0983 1.228 1.227 1227 1.226 1.225 1.225 1233 1
0974 1.051 1.079 1079 1.0% P Q76 {
0.966 1.033 1.104 0975 097 0.9.3 3972 0.970 Q.99
0.960 1014 1.081 0.905 > L

%
[V
)
&
w
J
-
7
-~
“
J‘

0.90 ).902 E- b
0.954 0.997 1.054 0.860 0.858 0.856 0854 0.850 0340
0.949 0983 1.028 1.176 0.835 0831 0828 0.822 03817
0.945 0971 1.006 1.130 0.834 0.828 0.823 0813 03
0.551 LR 0825 0812
§ 0. 0.866 0.343

0938 093 0974 1050 1.211 1.444
.9 0.947 0962 @ 1020 1147 1310 13
0953 0997 1.095 1.215

4
ST /I
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| S
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XX
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160

180

200

220

240

260

280 0941 0961 0988 1086 1289
320

340
380

b
i
o 1Y
youa
J
7
-
2
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0939 0966 1025 1099
. 0934 0955 1000 1057
0930 0946 0981 1025
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UNIT CONVERSION CONSTANTS

SHto Metrie

IN = 01019 kg,
1 N/m?=10,19% 10" kuI/('m""
1 bar = 1.0194 kg/um"
1 kd = 0.2389 keal
1 Nm (= 1) = 0.1019 kg, m
1 KW hr = 1.36 hp hr
1 W=136x10"hp
1 W =0.86 keal/hr
1 kd/kg K =0.2389 keal/kg °C
1 N/m=0.1019 kgf/m
1 W/m K = 0.86 keal/hr m °C
1 W/m? K = 0.86 kcal/hr m? °C
1 kg/ms, (Ns/m?) = 0.1 Poise
: 1 m?%/s = 3600 m?/hr,
| 1Stoke=10" iy 2/4

Metric to SI

| ku/ 0.81 N
Ik fem? = 98135 Nim?, (Pascal)
| k;.z//('mZ =0,9414 har
I keal = 4,186 k.J
| ku/ m=9.81 Nm, (J)
1 hp hr=0.756 kW hr
1 hp =736 W
| keal/hr = 1,165 W
| keallkg °C = 4,186 kJ/kg K
| kg//m =9,81 N/m
1 keal/hr m °C = 1.163 W/m K
1 keal/hr m#2°C = 1,163 Wim* K
1 Poise = 10 kg/ms, (Ns/m?), Pa s
1 m%hr=2.778 x 10 * m?%/s

. F5‘3'314 41 J/kg mol K 847.64 mkgf/kg mol K = 1.986 kcdl/kg mol K
=2 ¢, = 1005 Jikg K

=0.24 kcal/kg K

;ﬁxmﬁwmm44mmqowmwnmw
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lison-Wesley Publishing Co.
duction, Edward Arnold.
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