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Surface tension of liquid-vapor
interface for water

T,°C a, N/m* Substance
and Temp. Surface Tension,
0 0.0757 o
20 0.0727 Range a, N/m* (T in °C)

40 0.0696 Ammonia, —75 to —40°C:
60 0.0662 0.0264 + 0.000223T
80 0.0627 Benzene, 10 to 80°C:
100 0.0589 0.0315 - 0.000129T
120 0.0550 Butane, —70 to —20°C:
140 0.0509 0.0149 - 0.000121T
160 0.0466 Carbon dioxide, —30 to —20°C:
180 0.0422 0.0043 - 0.000160T
200 0,0377 Ethyl alcohol, 10 to 70°C:
220 0.0331 0.0241 - 0.000083T
240 0.0284 Mercury, 5 to 200°C:
260 0.0237 0.4906 — 0.000205T
280 0.0190 Methyl alcohol, 10 to 60°C:
300 0.0144 0.0240 — 0.000077T
320 0.0099 Pentane, 10 to 30°C:
340 0.0056 0.0183 - 0.000110T
360 0.0019 Propane, —90 to —10°C:
374 0.0 0.0092 — 0.000087T

Surface tension of some fluids

Values of the coefficient C.; and n for various fluid-surface combinations

Fluid-Heating Surface Combination Co

Water—copper (polished) 0.0130
Water—copper (scored) 0.0068
Water-stainless steel (mechanically polished) 0.0130
Water—stainless steel (ground and polished) 0.0060
(
(

Water-stainless steel (teflon pitted) 0.0058 1.0
Water—stainless steel (chemically etched) 0.0130 1.0
Water-brass 0.0060 1.0
Water—nickel 0.0060 1.0
Water—platinum 0.0130 1.0
n-Pentane-copper (polished) 0.0154 1.7
n-Pentane-chromium 0.0150 1.7
Benzene—chromium 0.1010 1.7
Ethyl alcohol-chromium 0.0027 1.7
Carbon tetrachloride—copper 0.0130 1.7
Isopropanol-copper 0.0025 1.7
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Cross-flow
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(Overall Heat Transfer Coefficient) Js o,/ > Jsl .y 2
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b
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q=UAAT
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UA U4 U,A, hd4,  2zlk  hA,
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Representative values of the overall heat transfer coefficients in
heat exchangers

Type of heat exchanger U, W/m? - °C*

Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 2b0-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-60'
400-850"
Steam-to-air in finned tubes (steam in tubes) 30-300'
400-4000¢

S 3 SV AulS 55 343 00 oyl > JL&:JWJ)!,\?)LA)\UA; 4 gazme 5> Bgd Joder AL atilsy Cds
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(c) Single-pass cross-flow with both fluids unmixed

-1

08 09 10 P=g—

1.0

=
0.9 B

—
.,

N

8 0,
0.7 \

™~
N
\

().

gl
TN

<
0.8 \ 1) \\
] 0.1. 00
\
\

\

Correction factor F

0.6 ] \

\

I

|

!
03 l \

0 01 02 03 04 05 06 07

Iy —1,

08 09 10 P=f—

() Single-pass cross-flow with one fluid mixed and the other unmixed
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(c) One-shell pass and 2, 4, 6, ... tube passes () Two-shell passes and 4. 8, 12, ... tube passes
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(e) Cross-flow with both fluids unmixed

4
Number of transfer units NTU = A U/C,
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( ) Cross-flow with one fluid mixed and the
other unmixed
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.JJS ealeiul L{‘j)j‘)\bﬁj 6L>u u\jjw

Heat exchanger
type

Effectiveness relation

1 Double pipe:

Parallel-flow

Counter-flow

1 —exp[-NTU(1 + ¢)]

l4+¢
1 —exp [-NTU(1 — ¢)]
1 —cexp[—NTU(1 — ¢)]

2 Shell and tube:
One-shell pass
2,4, ... tube
passes

1 + exp [-NTUVT + c?]}‘l
1 —exp [-NTUV1 + ¢7]

2{1+c+ V1 +c2

3 Cross-flow
(single-pass)

Both fluids
unmixed

Cinax Mixed,

Conin UnMixed

Cirin, Mixed,
C
4 All heat
exchangers
withec =0

s UNmMixed

0.22
1 —exp {%

u %{1 — exp {1—c[1 — exp (—NTU)I})

[exp (—c NTUO78) — 1]}

1 —exp :—%[l —exp (—c NTU}]}

1 — exp(—NTU)
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max
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Heat exchanger type NTU relation

1 Double-pipe:

Parallel-flow NTU = 101 =&l + el

l+c¢

ec — 1
Shell and tube: .

s ] s Sl R0
One-shell pass NTU L g5 (2’{? l-c *\’_l c )
2,4, . ..tube passes V1+c2 \2le—-1-c+ V1+c2

Counter-flow NTU In ( ol )

Cross-flow (single-pass)
Crnax Mixed, —In {1 +
Crin Unmixed

Crnin Mixed,

Crmax Unmixed s
All heat exchangers . _
e = —In(1 — &)

In (1 — ac}w
c

Infcin(l — &)+ 1]
c

C

min

C

max

] e s

NTU=—In(l—¢)

R
100C (slos 55 5 s Jfs 03, sla A L oa s s5ms Ol Jbe G 3505 300C (slas s Gl GBI S 51 s slaslS
O S1125C (sl 55 5 ot Joe sla 40 3515 36C (sles s 5 1KE/S 0L 5 L 3 5Lid o ol agd e o= R
Ll 38 G o ol sl o S (sl S Jil s 5 5 1000J/KEC L a5 SIS 55 sla S35 o ol

S i 15 (A)) S8 s cmles = NTU 55, 51 eslizl L .ol U=100 W/m’C

s
Gl o (S sla S il o po 5 (ois bsloes Jlww 55 18) Jla o sbe dJ L wbline 0L 2 ony 15 Jle 51> e

. Z ot P W ~
ébﬁ)ﬁéubﬁub_}’-c_}""L’_)tg'_}h")bbAh:40m2Lf‘f)gw“:‘}L“*AJUZIOOTCL_}"‘_}")chb‘”
m

o)



http://www.LearnElement.ir

Alirezabaheri.blogfa.com Pelp ) s

S S Jasl 5ol asly s 25C 1.5kg/s « 38 35,5 sles 5 0L > g bl et 35C 1kg/s sl Olea f

S Ol [ Ol 5 58 s sles 5 Sl e

S
4 35C bes 5 g.j2.5 kg/s el S sl 'tl: Sl Iy b oo 5wy ol ) ol Ay ang Sl dde S s
Jiw 5135C les L 5 5,5200C les Uossd o ab S Lo 5o \ﬁﬁ@]y\?éuj@.sﬁyw@l85c sl

UL_.WQ- ‘)J.z\._wcla_-#&:»}lﬁmﬁ S_NTU (J;"j‘)‘)‘ OJL‘L...A‘ L:&:«.«.«:‘U:180¥ LAS&&;JLE.D‘ g_a)‘).ﬂ Juj.«:JL;ﬂC)k?-
m-C

oS

RS
(I w33 sty b ) Gl g 5wy ol dhe S sl 60C 5 10C slabos 53 i o o 5 JSUS L]
e S Jlisl ey 5 5 5Kgls 5 2Kkg/s o n o 5 IS sl oL @;.wdsz claw coles 01 53 S Wipd o

e

S i | s, slales 5 LS el 'CJ;.c,..AUzgoom2
o
b e s s ol 53 b S Jie S sle ) 505 3K/ e 2 5 20C sles L (Cp=4180)/kgC) 5 T
LS o S 5 60C 5 1, O 5ot atwyy 305 o> &5 Clea L130C los s (Cp=2200J/kgC) ¢ 5 o5y 555 o 4
S e sy 55 m 4 120 300W/MPCAY s gl Sl JS ol = Jal oy o S

ol Jasl F (e

S g ) e S mla (o @

Hot o1l
130°C
3 kgls

|‘I

Cold water
20°C —»
3 kefs | |

(20-tube passes)
60°C



http://www.LearnElement.ir

Alirezabaheri.blogfa.com Pl JU) s9j

oJiha anls
(Radiation) s i)l Jocd
5 e 4 3L 0T s G sl o8 sl ool > Jlazl & s 5 ol b o)l > Jlal co )l > Jlal §5 s

&b~ (Emission) .S

Person

Fire

Plants 900°C

P
o~

M‘N
i
|

|

b Electromagnetic Spectrom -Slasl |, ik ) 45 gozms 45 355 oo el ainte sleihs 53 (5551 Lsheo
SHAke b S mge I 4 iy mse Jsb S i oabline s S 2l

(Radio Waves) , 31, 15l

(Infrared Rays)IR L ;3 0s3ls 1 5a!

(Ultraviolet Rays)UVL i <l sk zls

X Rays) Sl 15l
(7 Rays)Li Il
(Cosmic Rays)Sauls |5l

A, um_ Electrical

power waves
IGHI_
10°
10| Radio and
1074 TV waves
10°
10°
107
10°
102

Microwaves

Thermal Infrared
_| | radiation
+ § Visible

Ultraviolet

X-rays

L

[
Cosmic

rays



http://www.LearnElement.ir

Alirezabaheri.blogfa.com Pl JU) s9j

13 305 ealial Sl JUE ol 50 Olsing 23 @lge 53 05 o Ly 2B 8350 IS 5ok

AL VL e Glas Loz a5 B, @

Lokis e oS Slle @

Lo gl 5l s gl s @
SIS (i e (G edle (i lemler Wl hley b s b ool JWE) slas S
T P R R W O B Wy U W U W e L W I TR W Pye
et Blrl et 3 el 55 Sl sty S Slis et g oS 5 T et e sk
A as
Thermal ) 5, > 46 4> O 4 45 Cl oo 0Ll (sl ab bt SIS Olutign bl 2SI el ples oy
5 o slsle sl 5 pend 4 b cnl 5l ey S 1006 205 Ss 0.1 1> (50 e3500s S o (Radiation
S s ree gl S0l 4l o LS 5,8 e sl i elpsle 4 U s Vsane sl e Osle plsel ) e
el 205,56 0.760.37 -

(Black Body):L (-
25 Pl bl e ol e U e
S ol (e A 3 s dsb AL s Riatd el
2503 oS (655 el i 1 G Bl el e o pasidi e Job 5 L S o
Se ol e i el S Sl s S5 eteles 5 e sk Sl B el e a5 edd JeS el 45 S
el (1 580) iz oS

Uniform Nonuniform

— ;
Small opening M M

of area A

Large cavity Blackbody Real body
T

gL.?-lj...)\/.:6L¢>)JQTQ}\J&&S@\&‘@P@@WLQJJW%JWJ)l&()a@rm}f‘j}uﬁbvﬂﬂ@
.Ja.wj: L_:_jb“ Cl.x..l:rw I aas uﬂfo\ (§2dxe Lst.@JU)b C)”} )( J.\.‘) J}.:v oji;- .5)\} é}:js 39, )‘W;‘ NG|
.w‘epw&ugﬁepju))Jﬁ@g;\zo)i}

oY



http://www.LearnElement.ir

Alirezabaheri.blogfa.com Pl JU) s9j

u..;}’\a“w%&é)&lﬁ)‘&}')uuﬁyQTJJSJ;M@L:..&L.;_%W&i@\)uiq\j@c]a.ud))fdu&;ﬁQ-r\.:JLAL
e S Ll S el

(Solid Angle) oLz 3
b asly iy bl oS s Sl Sldlsdalin Jpade 5 il andls 513 0 S S S e 5o led Oledor AS 58
o ol Ol OT B Ol alols | sizes a0 dutean O sialie Jsiie &8 Jldl Cxlos ol

ds

do = —
7"2

I illas (555 Slases ;s VLl S ol Lol Ll LI B Olledir ol 7 5 0Ll e Comlis dIS alal; ol o

dS = sin 0d0d¢

dw =sin6d6d¢

dS = (r sin @ do)r d6)
=rlsin® d68 do

Surface

Solid angle:
dw= dSir?
=sinA dBdg

el esls QLIS 5 K 5 B8 bl

Emitted
radiation

(Intensity)o s



http://www.LearnElement.ir

Alirezabaheri.blogfa.com Pl JU) s9j

oS e |y D (il S ks gl Al e 3 055]
Colos Dt (dA )z 5o dsb St 5 dA SW Cmls 6 e Sl ek ol (AG)015 ol s s o3 b
tsr sl (d @ ) plad a5 &l uss 0 (dA €08 0 ) e
dg
(dA)(dAcosO)(dw)

1(1,0,¢) =

/4
(m)(m*)(sr)
il o ooy 5 Al ) Ay e dA) 5 iass 358 Sl el s o Ol dAy 38 B8 s

Gaa,—a, = 1 % dA, cos 0, x @ 4 a4,

d"“‘i’dAl Shasls ol b Azclaﬁwé&;uﬂl wlad 4l @ 4 _gq, 5 23 g dAl cb_ﬂﬂswmq)\)' 91 S
.3 g

:Jﬂjwv\fﬁ)’d@b)’\lcygbbjTL;KA:);’)A&-@@L:“M;ﬁijle):LpQ\)S;JSqU1901 Jle 5s SO

G

G

2 (e —1)

E,,(A,T)=
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Blackbody radiation functions £,

AT, AT,
pm - K 1 pm - K A

200 0.000000 6200  0.754140

400 0.000000 6400 0769234

600 0.000000 6600 0.783199

800 0.000016 6800 0.796129
1000 0.000321 7000  0.808109
1200 0.002134 7200 0.819217
1400 0.007790 7400  0.829527
1600 0.019718 7600  0.839102
1800 0.039341 7800  0.848005
2000 0.066728 8000  0.856288
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2600 0.183120 9500  0.903085
2800 0.227897 10,000 0914199
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5800 0.720158 75,000 0.999713
6000 0.737818 100,000  0.999505
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