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Fluid Mechanics

Reynolds Number
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Reynolds Number

U= gt N, < 2100 (1-22)
u = 0.82u,,, 4000 < Np, < 2x10° (1-2b)
10I== = ( Reynolds Number )
Ao EE4HE 29 ESH FA o wel debdo 3 /A7t
35 49 # WAY HdFE, A9 2re d=2A YEd 4 9oy ue
3} Zo] #olE= 42(Reynolds Number, N )& 72 gtch
N, = D up [ (L)(L/T)(M L?) 1
Re n MLT
- Du [~ ] (1-3)
.
where, v : 3% 74 (Kinematic Viscosity) [ m?/sec ]
dolix= £ 2] fl= F(dimensinless number)o]th T AT =AW 7
2 o]l doHY wiEsk A (ke = 09 AF #Hols= F7F 21008t oW F
FE olF a1, 4000°] o AR, 183 2100 ~ 4000914 = HoldHS 1}
Eldit) o] ddS dAG ol s Ny = 2100 & e F&5S dAF=
shet, ol 5 Aeleld oS xe Tk
Table 1-1. &35 &0l W2 Reynolds Number2| 135}
EEZF 5E5x7 Re. Number ¥ 9
No macroscopic mixing

Laminar Flow

Velocity in macroscopic steady
flow 1s constant at any point

N < 2100

Transition Region
(dolgy =& dAYGA)

2100 < Ng, < 400

Mixing by eddy motion

Turbulent Flow

between the layers

Np. > 4000




Fluid Mechanics

3. A&l EA

Fig. 1-1. Reynolds Experimental Equipment

4. M

I
M

HI=

(1) Stop Watch

(2) Thermometer

(3) Beaker

(4) Mass Cylinder

(5) Tracer(Dye or Ink)



Reynolds Number
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Fluid Mechanics

Efflux Time

& oEAoR friedto] B APAel wluste] ARSE TR FFES ol T
ot
2) AT 55 TFAA FFAA Tt B}
2. 0|2

1Y FANoRRE A4S dom, gl AL Qe F ok

AP 321 u =
L = D

Bu g (2-1)
Iy

Hagen-Poiseuille? & T7FY Aot 485 = g F=s)oF st}
(2) Bernoulli &l

nhEEA I ZIAA ol|YAE E¥etE Bernoullid2s WERWIH thadk 2

P 2 P — 2
71+ng+ a; U + oW, = TQ-{_gZZ_f_LUZ

5 + A, (2-2)

2 p

where, Wy . Shaft Work
h, . Total Friction Loss

n . Efficiency

|
o,
EY
Ho
I

(2-3)

1) FHtl, SWmfE 35E, RBP4, 3rd Ed. 1987, p89
2) W. L. McCabe, Unit Operations of Chemical Engineering, 4th Ed., McGraw-Hill, p66



Efflux Time

@ el e FE=ARE

_  1R? 0.0791) L p ¥4
bottine = 5 R, [ 2(1/4 (gp))1/4 11505/4 1T ((L+ ) — (L+8) 7] (2-4)

3. AETA

< 5 >
H
- 1}1
R
> < Do
L
» |+ Ro

Fig. 2-1. Equipment for Efflux Time

4. A8l EHI=

(1) Stop Watch
(2) Beaker

(3) Mass Cylinder
(4) Caliper

(5)

5) Thermometer



Fluid Mechanics
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Efflux Time

0

A

Hagen-Poiseuille2a!l®| &=

Flow direaction
| -
>

A
|

dx

v

A

Fig. 2-2. Fluid Element At Steady-Flow In Pipe For Hagen—Poiseuille Eg

]

THI dYH Fo =2+
S}, x&= Wk g 7hEe ¢
T 2gskA et & Bdde v go s ofgo] Agsted, 1§
Pressure force = P (nr?) — P,(nr?) = nr’(P,— P) (2-5)
FrA et el W Afolo= mpbo] A-gEtH 1 A7+
Shear force = 2nrAxt (2-6)
where, T : shear stress at r
Ak Fola FE9

o] Pressure Force®} Shear Forcer X0z 83+

T2 0olm=, F 32 A7|7b 2o BEko] vihgjolth, aYE®
(2-7)

nri(P—P,) = — 2nrAxt

r(P,— P,)
2AX

EEEIE CEE LS

3) FILfe, BAE LR, BEhBL4%EG, 3rd Ed. 1987, p87-ps9




Fluid Mechanics

v = 24 (2-8)
olm g (2-3)2F (2-4)AS A EoH
du _ (P —P) ~
u d I = I‘—ZAX (2 9)

FHTH (P, — P)/axe WA Ro| &84 gonz, 2548 Wk

_ 2 P — P
u = —-L L 2+ constant (2-10)
4n Ax

olw, Wol A o] F&o] Zerogt 7HQEH, r = ryollde u = 0°]t}.

A= RENC

u = - In (2-11)

#Hel FA(R=0)A4 F&5e ANY U S AR

Unax =~ (2-12)

_10_



Efflux Time

= — (2-13)

- (2-14)

oo
=

u (2-15)

o>
™
X
2|
[
=t
oD

_ AP 3p . _ 8p -
T D%u r%u (2-1)

_11_



Fluid Mechanics

= T A S E|AI2Y 2oele] =
74
D 'I
H
i
> |« Do
» < Ro L
Z>

Fig. 2-3. Equipment for Efflux Time

@-DHNA, 7 AR 1, 2N W dEe] A S ga, o) A wem

& - ’
3 i do] glvtx AREd, (P = P, W, = 0)
u,? —uy’
5 + b, = g( 2, — Z) (2-16)
A< WA (Continuity Eq.), u;S; = u,S, o]B=
_ — R

2 e & g nhaEge aesu

Ol

)

hy = h + b, + B + B, (2-18)

2
- ur(tHy+ k. + K, + K 1L
d, e TR 2

a3 Eole A= Z, — Z, = H+ L oln= Feshy,

_12_



Efflux Time

[T 2k . 7,
L U
5 () + Ko+ Ko+ K ]—
= g(H+ L) (2-19)

el %2, S R B S AEAS FAY 5 glomg,

_ _, R

ay’ s (T0)4 (L uy
= g(H+ L) (2-20)

=2 7 Atk
SN AeWOR WAL E fA9) f&o e P s,

u,’ = ?eg(H"LL) - (2-21)

[1 — () + @2Ff-5)]
R R,
= RO 4

R, < R o]} 714 std (T) = 0 ojmn=

i : Zg(’z[+LL) ] (2-22)

1 + (2f—5
RO

Ry < L Y A%

_ R,g(H+ L

u, = Ogch ) (2-23)

_13_



Fluid Mechanics
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749 459 Fanning Friction FactorE % -&3}H
_ 16 _ 16 . Su
r= = — = = (2-24)
NRe Dop u, Rop u,
— 9 RO g(H+ L)
u,” = S
— L
Ryp u,
— R,2 L+ H
g, = —0 gg’; = ) (2-25)
- _ (R _ _ dH R
uZ - ul( RO ) - dt ( RO ) O]EE,
_dH _ _R'go(L+H )
dt Sul R? (2-26)

dH _ R04gp dt
(L + H 8uL R?
h dH R04gp

R04gp

- ln(L + ]7) + ln(L + H) - mtefﬁux (2727)

_14_



Efflux Time

8ulL R* L+ H

z-efflux = M ll'l( I+ ]]) (2*23)
@ witel B4
UFeo] 7S = BlasiusA ol €3l
_0.0791 _ (0.0791) p ' 6Y 1o
f N, 1 (ouDy) ™ (4000 < N, < 10%) (2-28)
SRS
—y  Ryg(H+L) _ p' u D)V Ryg(H+ L)
fr T L - 0.0791 n " L
— _ 0" DRy g(H+ L)
2 0.0791 p L

2 1/4 D 1/4 R05/4g(H+L)
0.0791 p Y4 L

. 9 1T D Y1 p 51 g4/7 (H+ L) 447
2 = @.09) 7y LT 229

o[)lv

79 A9o) 2L wow URAWe) §EA7

o

:r"Lfsl—

4>
E

- 1B (0000 L W (L - (L] (2-4)

Z‘ =S
efflux 3 R02 1/4gp 1/4 RO 5/4

_15_



Fluid Mechanics
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Measurement of
Terminal Velocity

1. =5
(1) F=gstell A FA7ZE FAlFolA AT o] doju= AAS old sttt
(2) & A (Drag Coefficient)?} Reynolds Number}le] #AE <ol r}
2. 0|2

(3-1)

(3-2)

F, . &% (Drag)

: T WA (Projection Area)

of
)
)
X

_16_



Measurement of Terminal Velocity

@D Reynolds Number’} %<
e+ Stokes’ Lawell vl A 2z At ( N, , < 1)
2x3n uuy Dp 2%
C frd 0 = 374
D ) T D NRe’p ( )
p LIO ( 4 )
A & F(Creeping Flow) :
ML &2 J(Au dHd JBoM Aol WXL ebEe =2
UXILE, MET) ofF 2 WA FollA FHols Z LR 253 2
ol, 8 Xcto| MMEofgt o[&5t0{ MI|= 558 2olo|stct
@ Reynolds Number7} 10000] A< ujf,
A Aoz
= (.44 (3-5)
7} €
SEME RAHE Eltcl= &t A 2
@O Ng.p <1 99, (Stokes’ Law Range)
> _
y = £0or=p) (3-6)
18¢
@ Ngep > 1000 & o,
D —
u = 1.74\/ e pg p)g (3-7)

_17_



Fluid Mechanics

3. A&l EA

Scale

Fig. 3—-1. Equipment of Terminal Velocity

4. A9 EHI=

(1) el %}l £ 21 Fe A7 ¢ 10cm
(2) Stop Watch

(3) AR HlFe] T AN A

4) 715

_18_



Measurement of Terminal Velocity
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3, ol 23} wlwelo e,
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o A Stokes’ law7} A &5+ ®HE
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Fluid Mechanics

rad o |

[ — = =

==

< Assumption >
D 7 gAre mge Tl

@ #AE Evee TAQYAE oy o

t}. (Free Setlling)
@ 54l ol(Characteristic Length, Dp)7}F 1—2p M=t} At}

@ A= ZEAEL GAEH A

il

PN RAIE FATHS UALY 2F

Fig. 3-2. The Forces for Sphere in Fluid

TE Al 2 A A,
F = ma
F= F, + F, + F,
(3-8)2) ol A A1 A 1 7HEee
n D’
m = ppVp = p,l )
— du
47 Tadt

B-9HeNA P g cheat

F (gravitational force) = mg =

2ol v

_20_
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(3-8)
(3-9)
FAer x4 5 9
(3-10)
(3-11)
T At
t DS
pp( 6P ) g (3-12)
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Measurement of Terminal Velocity

D 3
F,(buaut force) = p ( T 5 L) g (3-13)

DZ
F,(drag force) = (%puz) A, = (%puz)( T[4P ) (3-14)

< Force Balance >

(3-8 3-92= #A ¥, (3-10), (3-11), (3-12), (3-13), (3-1DA =5
I 5hw

T

3 3 2 3
b g — (B2 So 2Py o (2 Deyduy (315

FusEd sy Suk dganz 4L — 07} Ay,
A ==t
n Dy’ 1 , ® Dp
(—g—)&lpp—p) = 5 Cppu"(— (3-16)

@O Npg.p <1 4, (Stokes’ Low Range)

24
CD _ NRe,p O]E—i,
_ I -
Cop = 277, (3-17)

(3-17)21= (3-16)21 ol tiqistH

n D’ o _ 1  24u 9, T Dy
( 6 )g( bp D) - 7 DUDP pu ( 4
g Dp(op—p) = 647 (3-18)

_21_



Fluid Mechanics

o
°
HF
1
o
fr
rlj
i
ol
2
Au)

(G-18)4 & Aeste] #5

gD4%(pp—p)
181

@ Ng p > 10002 o,
C, = 0.44 o]mz,

g2 = 8Dpg(pp—p)
6x0.44%p

u:

1 74\/ DP(DP_D)g
) p

_22_
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Fluid Circuit Experiment

t

Fluid Circui

Experiment

&I
Hr

o

=3
o

il
file)
70
o)
T

e

~
o

it

Reynolds Number,

PN
)

=

=+ 7_ﬂ

(2) ZFNAM &3} vt

;oﬁ

min

2. 0|2

A7 A, TAL, AE(Elbow), Wl

!

4
I

M

A=, 17

e

.

iz

[—=
%)

~

|(Continuity Equation)1} Bernoulli Equation

SI=IN

012

(1)

u A, = u,A, (4-1)

Q( Volumetric Flow Rate)

+ Z,g+ h, (4-2)

2
Qy Uy
2

2101

&Al(Head Loss)2|

=
e

)

2

(

_23_



Fluid Mechanics

e
i
lo
o

Aolo] Ax] dojupE= HAA A3 (Viscous Resistance)ol] €3+ F+

@ FRAQ GG - Wy, 5EAAY #Hie e W, Bend 5O FHA

(3) Venturi Meter

< Assumption >

O FA= vA&FE HeY bEHstE FAS = de B 54 wAolt
@ %< (Shaft Work)> $lth.
@ BBEH ] st
@ A= 33 F otk (Horizental Flow)
© dpo]Z ol mpEEdo] glot
® ¢ T B Fo|th(Fully Turbulent Flow : a; = ay = 1)
AP _
AKE + AP~E+T+WS+ hy =0 (4-3)

7hgel olal (4-3)4 2

2
TP + % = constant (4-4)

e
i
al
30,

e = R==,

_24_



Fluid Circuit Experiment

P,—P } — o ui
2p Loy 2 9 LI = condant (4-5)
AELAA v A = uy A, olnE,
A n D
u, = le(Al2 - llz(gtD2 )P = u, B’ (4-6)

Istel Aelshu

H ©°

{

(4-6)2]& (4-5)24 of

P—P
2 = Sl — a(uy B ] 47
u,o s AelstH
02 = 1 2P — P)
2 (12_0.1[34 p
u, = L \/ 2xh — B (4-8)
’ \/ Ay a154 p
9l A2 wpEo] fle Bl 4HA3 Al A8 5o srenh 2 gl AR vt
dEAS agshr] st AddA CiVenturi Coefficient) & =93t +4
s,
_ Cy ¢ Z(Pl - Pz) _
u2 - \/ 1_B4 0 (4 9)
9 A& o] &dte] FuFFS AAtete d F Adnt

_25_



Fluid Mechanics

g (wlumetric flow rate) = —Z

oo . (4-10)

(4) Orifice Meter

Orifice Meter+ Venturi Meter®} W] <=3} A] %tk

G %4 2 Sz 99
vEEade] A7 F o o2 G-nAd wAA C,F Adete] e A%
2ol AL 5 9
Co \/ 2(})l — PZ)
u, = 4-11
0 J1=gp' 5 ( )
(4-1043 SAAAZ P fFe Tohu
qg (wlumetric flow rate) = 1;1
_ G5 \/Z(Pl = Py
V1-—p! p
(5) DMZOINCl 24! (Losses in Straight Pipes)
_ AL u®
hyo = 4155 — (4-13)
APD
f= ol
where, 2AL p 72
(6) ECHO Clst &Al(Losses in Sudden Expansion)
LI2
h,. K- (4-14)



Fluid Circuit Experiment

S
where, K, = (1 — Tl)z
2

Z4l(Losses in Sudden Contraction)

i
>
=]
\0
o

LIZ
bf,c = KCTZ (4—15)
where, K, = neglect for larminar flow
Sl
K. = 0401 — T> for turbulant flow
2
(8) O|SA X gl 28t &A&l(Losses In Pipe Fittings)
U2
(9) SZ24A!(Losses In Overall Pipe Bend)
2
he = (Ar% + K, + K.+ K)-%
DBy wz - z) =k v Ko+ K+ K)E (4-17)

_27_



Fluid Mechanics

3. A&l EA

Fig. 4-1. Losses in Pipe Bend Apparatus.

4. A8l EHl=

(1) Fluid Circuit Apparatus
(2) ‘Mass Cylinder
(3) Stop Watch

e WH

(1) §-3] WX (Bypass Valve)g ©|&3dto] &2 xdsta, &9 AE F&S
f?ﬁ@gi F4&S AEs)

2) FA7F B E FASES A 7ok

(3) 2 TX}, AE(Elbow), WiFe] A, eev= F&A 5 74 A
o Aule FEAS St

(4) 91 AFe WEste] Fwgrs Witk

6) 9 AR F&5S Gelste] FAT

_28_



Fluid Circuit Experiment

6. gt nHE

Fote)

o] A7]E wluste] Xl

2o
=2

)5 ojn

A

o wel w2

7

=
[¢)

7

N|

_29_



Fluid Mechanics

>
o
N

Bernoulli Theorem
Apparatus

1. =5
o 2 FEo =AHo 83 Venturi-Meter, Pitot Tube 59 AF&H 2
g & ol oz HA| AL FAEFol tote] o]l g

2. 0|2

(1) Venturi Meter

< Assumption >

gt e ERetE FAD 5 e W A FAolth

& (Shaft Work)2 it}

2
r1r

A= 3 3 59|t} .(Horizental Flow)

® 60060
Hodo oy 4o o

o] o] mpEEMC]
¢ e 55 o] th(Fully Turbulent Flow : a; = ay = 1)
AKE+APE+¥+VK+@=O (5-1)
7Hgel olal (5-1DA =
i; + %2 = constant (5-2)

_30_



Bernoulli Theorem Apparatus

D= Py ety T oauy (5-3)
o 2
AERAA w4, = uy Ay olm R,
A n D
u, = le(Al2 - llz(gtD2 )P = u, B’ 69
DZ

Istel Aelshu

H ©°

{

(5-4)2& (5-3)4 e o

P~ P
2 = S law — (8] 55
uy°l s A esid
2 _ 1 2P, — Py
u,” = — 1
o) QIB b
2P, — P.
u, = L T \/ (A 2) (5-6)
\/ a—a;B P
9l A2 wpEo] fle Bl 4HA3 Al A8 5o srenh 2 gl AR vt
dEAS agshr] st AddA CiVenturi Coefficient) & =93t +4
au,
C 2P, — P.
= L ¢ (1p ) (5-7)

_31_



Fluid Mechanics

q (wlumetric flow rate) = %

(2) Pitot Tube
JEH#HL FAAAAMe FHEEE St 7|Folth FYo] gl HYsES
73S W, v =4 F-Ae 3k Bernoulli 42 thS-d o] T 4 <
=

i AP

Where, i @ ZH &%

pEEA S FASh AL SRS Ee] tiste] sk o Aoz AHuHu

. 0P, — P
o - [EEED 510
p
b FgAg s R 9 A A & AgEAE gt mEs 1A
AAE Ase 1 FRER £ F 3ok
) 2P, — P
i = CH.\/% (5-11)

N

osfor & AL efva H WRFY FHFANME A 559 HASEE
3

shdl vlatel, MRS @A & oAl L5 FHBTE Aotk &
x|

£
L o]z g A fjAe] wt e, 2 BEE JEdHS o] &ste]
TEES Fated, @ FAAAY HWERE ko] Aty 2 ZE o f

gl_g‘

(0]
I3
rok
i

_32_



Bernoulli Theorem Apparatus

o
S
N
b
I
o ﬂl
fa )
H =
m ‘Amﬁm O_E
i
m Efﬂ ;Oa
s Njo 3
= g
g % o
— OW
2 =
= W
T H 70
X
= o
i= » o —_
- - T L
QO m m}
a) a A H
. o Hu_l
- < iy
Lo = T <
e : T B
F m LvO ™
o & < il
o = 2w
W EE omorgl
5 10° O 7K
Bl 2 e il z " ~
W=z @ ="%
— [aV]

A g et ERS o&

_33_
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Fluid Mechanics

6. gt nHE

AN

of ®.2},

= u

Atk

(1) o] AgelM AHE A7HA] 7Hg Sl tsted A Al
] S|

(2) 27FA4 F&A e & - g3t 2 Akel& Adwste] Hofeh

A ol AN RAAAT} Ba g o

w
N
Ho
o

_34_
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Natural and Forced Convection

Natural and Forced
Convection

S|

(1) ddge] g Jejd dFE ol st

2) ApA ol oA dhiF = A AE R mE SeRsE Vs #Ee
o7 gAY A9 Grashof, Prandtl Numberete] #AES ZAbslar, 1 A4+
= o]l gkt

(3) ATl AN 2=t Az He] BAE Lottt

(4) ZArA 7 AA T Aol S Lottt

Heat Convectione =A AA)F(Natural Convection)®t 74t 7 (Forced
Convection) 2.2 U= 4 9t}

(1) Newton’s Equation

g = hAAT (6-1)

where, A : Heat Transfer Coefficient [ W/ m?°C, Btu [ hr f£*°F |

]

=

T+ Geometry, Physical Property, Flow Velocity, Temperature Profile

7
SOl wheh Wiy

(2) 2Xt2l=2(Dimensionless Group)

Dimension Analysis® f-E Nusselt Number, Reynolds Number, Prandtl
Number, Grashof Number 5& 7% 4 U, ta3 o] & 4 3l
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Heat Transfer

Ny = 22 6-2)
Np, = C]f“ (6-3)
Ny, = %D (6-4)
N, (B&)(A Tz)(p203) 6-5)

u

where, B : €3 % A4 (Termal Expansion Coefficient)
_ 1oV

(3) AFALIE (Natural Convection)

Ny, = Ny, (Np,, NGr) (6-6)
(6-12)21 3 22 A2 S o] &t ofefje} & Aol dojzint

1
h=K(AEH1 6-7)

AlZbaE Zreske] BAA L tad 2ol AedE 5 i

1
(A * = a't+ b’ (6-8)
where, a' = — %
. b
b= 7

kA (AT) Vi (2 aeze) A8 7197 azPE dAg A5E 2t

= = A~
=% 7 Atk
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Natural and Forced Convection

4) 2XNICHF (Forced Convection)
AN FAM = dEAFold o3t AU F= FAIE v 2o fAo FA
Aol F&o olFEe A Hol dAE AF AE WESE FAY A9 Nussult

Number+ Prandtl Number2} Reynolds Number®] $h<=o]t}.

Ny = Ny (Np, Ng) (6-9)

Ny = 2.0 + 0.6 (222 pP )0 P”f)1/3 (6-10)
k;
28 M D = 0.0004 - 59 1n
u,, = 0 - 62 ft/sec
T. - 60 - 500 °F
P = 04 - 4.0 atm

(6-1004 <= (6-7)4 3 #Zo] Zm=atete] dAR Ao ofs) depind (6-8)

| =3
AR dAE 25 5 Ak

In (A7) = a't+ b’ (6-11)
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Heat Transfer
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Natural and Forced Convection

6. gt nHE
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Heat Transfer

~ =T ARIIROIMY AHAl s
7 A

Ny = 0.525 (Np, - Ng) VA

A4 (6-3)47F (6-5)412 tYstel WA thet 2,

hD _ CjPU

) 14 ( BgAgpzDB ) 14
u

h

0.525 D~ VALSAAT VA ClYty —Vap 1 g it 12)

047]/\:'7 k, CP,IJ9 ﬁy 8, p

Constanto| B &
0.525 k¥ Cpty ~igliglhpl? = K g3 &

n = ]((.£%¥:> 1/4

gl o3 deAe g Hor wdAwAL

ar hAAT

dq

—mCpdT
Aol F7le] 2=( T )7F dA4sicta 714

s

dT = d(T,— T,) = (T,~ T) — (T, — T) = d(AT)

_40_
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Natural and Forced Convection

Ao mhE EEAS B Folth. 23 Alitel H4de v

at7] feiA Add ez 7Hd et .
(6-15)4 3 (6-16)4 & 24 ¥, 6-11)4 = thHdste] d7hsta

mCpd(AT) (6-18)

K(AL)YMANTdt = mCpd(aT) (6-19)

mCp d(AT)
AK(A—DT)M AT

o CfP (AT) ~*d(AT) (6-20)
A K( ﬁ ) 1/4

Cp = Condant 2} 7}4sH A, K, D, m °] Constant o| 2%,

1
a

b

e
ol

1/4
a = AKI;Iéf) 2 Fa g

o

fotadt = f(AT)‘5/4d(AT) (6-21)
at = —4(AT) Y4+ p

(AT) Yol wjstel geatd 12k w44 Fejw 71&d F Arh
(AT)M = a't+ b

where, a =
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Heat Transfer

Melting of Ice by
Natural Convection

ol

1. =5

ol 7HA e 71 Al o
EdE o7k 9o o

o
AU FAL N A4S FEA
2. 0|82

Agol ARFIRIE W % 7
webd dg= mCdeolv] o|F Azte] Wate] wehd Hohu A%l F
gstol dere] W doF 2

A5l o] £l A

b dge] Foz AAT & AUk
5
=

h = K(LF0 (7-1)
9e & 5 ANk
o] Az Y
% - L@ s

|
~
E
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Melting of Ice by Natural Convection

e
oo
1o,
i)
k1
il

2 (7-9F (7-3)29 et

CANT—~

dm3¥} doE AQlslais BT
W dmy} dool| dsh

12

e P s oF E=AIEHE

2 r
¥
1
o

i Vi mel Aflolmw

(7-3)
== ﬂ
n
- (7-4)
= K'(Z)TEan (7-5)

g AsE Bohel ¢ ¢ dE gol =
e 3

dm = [K'de (7-6)

m’? =K' + C (7-7)
AAuAT A
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Heat Transfer

Ice Melting Assemblies

Fig. 7-1.
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Melting of Ice by Natural Convection
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Al
AY

Double P

(Overall Heat Transfer Coefficient)

J1el & =Xl
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s 1<
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Heat Transfer

B!

tt.

ox

-
R

(8-1)
(8-2)

Fig. 10-13} #*o] Single Tube®} Jacket® 74 % o]

—_
file)

(8-3)

2 [ Kcall br ]

DeFAY &% [ Deg. C ]
LFAY % [ Kg/hr ]
- 46 -

T
m, :



Double Pipe Heat Exchanger

C,: 1A u4g [ Kcal/ Kg Deg. C ]
q, : A2fAe] &A% [ Keall hr ]
DA FAY 22 [ Deg. T ]

T
m, : AefA] f#F [ Keg/hr ]
C

R
2
rlo
Jo
M
lo
=
g
=
8
=
3
g
@]

(2) X el 2t =Alel 2=Hs)

F A Apolel it LEAF AT,olP S, wE AFL vhe} Pk

q= UAAT, (8-4)
_|_
g— Lata) qbz ) (8-5)

Kcal/ MEhr Deg. C ]

[
CUlg Hy X2k [ Deg. C ]

O &ZEo] ¥WF( Parallel Flow )Y o)

A Tm - ln ( Tl — tl) - ., Atl (8_6)
(7T,—t) At,

@ ZE0°] gF( Counter Flow ) uj

(T, —t) — (T,—t) _ AT, — AL -
AT, = n E;l_ L) = Af, (8-7)

—~ -1 27 n—1
» — 4) Aty
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Heat Transfer

o
i
)
e

Ag7b Z=atel weth 2 er Hina 7H4

ol

FA S

Ir T In (U,AT,[ U ATy

(8-8)
(3) =)ol s2
Fig. 8-2& W u3tHA AAbghr},
O ¥R &5 (Parallel Flow)
0, ;é‘xﬂ Auga mC( T\ —T,) _ T,— T, (8-9)
|2 dusts mC( T,—t;) T —t
where, £ JTolA e AZFAS =%
@ 7 ZE(Counter Flow)
_ o AA guayr . mCp( T\~ Ty) T,— T, B
AR T N YoR & ) -5  ©10

where, t;: 79149 ALFA &%

A5 AR dolgx 8 te AoR
A
Np = 2L (8-11)
where, D @ 274 [ m ]
v =2 A

A4 ( Kinematic Viscosity, % ) [ m?/ sec ]
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Double Pipe Heat Exchanger

e,
4 m
N ge s Tdv, (8-12)
_ 4 m
NRe,c T d\/'b (8_13)

ol dur]o dojx FHHAEAF Us LAJgAE FAIS 45,
U, = 1 (8-14)
? DO + XWDO _|_ 1
Di 7 kW bL bo
=
U, = L (8-15)
! D, x, D 1

where, U,, U,: W&o W JrHAs 7|+o 23

D,, D;: W#el 94 2 04

D, e WAT 9739 gsETys
x,, 1 B £

k,: #99 dAEE

by, b, o AR R el A Y A ALA S

4) Y MYAH = ZHEs| Aoz 5| XK= S=Ch. Bird?| 'Transport Phenomena’ EE:=,
—

McAdams2| 'Heat Transmission’ O|A] 7Y HY HS$E Aoz E jy factorE 0|t

WY S 205t Uch
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Heat Transfer

— Z71 . Equivalent Diameter

Jacket2 2= M2 7Ael Hols= =& 27| ¢ dZtrol &

H A

ol
rr

K

| o o % ( D} — Dy*)ol=2=2 A= Z( Equivalent Diameter ), D

£ AtEsoliof BhCt
T 2 _ 2
D 4. w=dgan _ gD~ D)
dowe] £ Aol n (D;+ D)
:‘DJ'_‘DO
3. Ag R

Fig. 8-1. Double Pipe Heat Exchanger
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Double Pipe Heat Exchanger
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Heat Transfer

1vity

Thermal Conduct

5 1<

e

>N

Measuring Apparatus

LS |
=

1.

(1) Ikl =)Ao 7]

(3) B, muAe]l Aol glojAe] 7]

(4) 3}st

72]— X

2. 0|2

Gl
o

X
iz

N
4

j—

x4

<0

)

)

—

XV

oy
JJ

min

+

(1) Fourier's Law

3 Al b= A

Fourierel] 2

Al ©
— =

M=

ol

P
T

<
|

< Differential Form >

(9-1)

dT
dx

- K, A

: heat transfer rate

aq

where,

: average thermal conductivity btn T,~ T,

Kav

=(dQ/dt)
ol glojA el 2xwWste] Fuj(dT/dx)e el HlE

] 8 =

4=
==

ol

o
=

vl AA 7 dTAYo] €

—gﬂ,

Kcall

[

( Thermal Conductivity,

AAEE

1

A

-
s

o o714 K
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mhr C ] ) 3},

< Integral Form >

qg= — K, A == (9-2)

g = (Ai‘;: dl‘lVll’l% for ce (9-3)
( T A ) : resistance

av

T Coll QolAe] dxdrEms Keb it 0TolM e dHEEE Koo oA o
Mol 24 A9 v 2 #AAE 7M.
K= K, (1 + aT) (9-4)

714 e 2EATE WY Beeddrs e #E dEla 253
AL 209 g ek
AO-DAA dQ/dt= g2t 38 o B9 [ Keall br 109, b o=

_ gadl

ar - 4= dx (9-5)
(9-5)41¢ Aelske] (9-4)4& vt
¢ = - KdT = - K,(1+aT)dT (9-6)

9-6)4<% 2ol (x> x), &% (T, — T,) WYz HJEsd

% g T+ T
qtfxl-;ii = (T, = T) K (1 + o —15=2) 9-7)
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Heat Transfer

T + T
A714 K, (1 + a%)% e T3 Tyrtelel Ko Hwgk K,
olxt T, — Ty AT YEpd & 9o 282 g
qu % K, (A7) (9-8)
A = Constanto)m 2 2 3t
_ AK, AT = AK,AT
q X2 _ X1 - AX(: L) (9_9>
A7|A L& drde] dojue= EHo F/AE YeRdT
9 HO0F R BA dejud @ tad wAe AAEES Z4e)
= Her 29 F Qth
(2) EESNES NSt ST AL
A AFAH (Steady —state) of] A
a= aq, = aqg (9-10)
o] 7] A Standard CylinderE R=E, Test PieceZ X= EAstH dAdg &%
Q= (9-1D4 3} 2t}
B AT, AT,
q K, A A X, K A AX, (9-11)
0:17]/\:1 A.‘E OO}:é__]é El:':— Z;l__,ﬂ, BE KR; AT > ATX9 LR, LX% OE]_ —/|: g/]\
oW K= ts Aoz 3 5 g
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: AT s Kn (9-12)

(9-12)2] & Standard Cylinder2} Test PieceAlo]o] HE=A3dS 118 3}x &F&

2ol 2@} Ak o g F4 o HEHE M (Standard Cylinderet Test Piece)©ll
NE AEAG oJste] =737 HASEE o] B A oF gt

2708 Al e HE:AF o] R.2 2o 7Hgetd F AT,
R, = 2R. + R, . resistance of test piece(4 mm)
,y = 2R, + R, . resistance of test piece(2 mm)
A= h-R=N
R, — R, = R, — R, (X, > X,) (9-13)
(9-3)4 oA AL AEEe Jgolur
_ AX,  AX,
K, = Ry = g4 K, A
1 (AX, AX),)
where, K, = K, = K,
HEHe FAS FAI8HY,
_AX, AX,
Re = Ky = T4 ~ KA
_ 1 AX,  AX, B
- A ( Ka’ Kb’ ) (9 15)
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Heat Transfer

where, K,, K, : (F&5A3 + ted piece)o] FAEE

(9-12)21 o 2 X ¥

Ko = A7, X, Kr
AT, AX,

(9-13), (9-14), (9-15)2] o = F-H

1 AX, AX, 1 (AX, AX,)
7 ( Ka’ Kb' ) - KX A (9_17)
Helshn

. (AXa - AXb)
K, K,

where, AX, = 4 mm

AXy = 2 mm

AXg = 30 mm

Ky = 320 Kcal/m-hr-C

AAom (9194 0RRE N AEEE T8 5 vk

ANM AT, ATy = Ty T, Ts, T, T, Ty& =43t ag=zo =

Nl A ATRE g Ao o 73 & 9

a7, = ATt AT+ ATM—g ATy s+ ATs g+ ATy (9-19)
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Fig. 9-3. Thermal Conductivity Measuring Apparatus.
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Heat Transfer
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101

le Distillati

Simp

=7

7

Kl

Hr

]

o

el

it A2 3tel Rayleigh 2ol wheh of s Atk Alakghat nlals] o

ol2

=
T

95 (simple distillation), &=+ 7] &35

ol

gt

(differential distillation)2}

grell whet 57710l

=13
=

2y gl 3

s

;Of

F71 He d5S Wlkg-mol ], AHHE A

—
o

el
o
i)
i
o
iz

stz dW R

yehal

of AnA AEe e dwelH, =+

(W - dW) [ kg-mol o] ™, ©]

i

1

x - dx)7} H 2=

7
(W - dW)(x - dx) [kg—mol Jo] #Ht}. w}

=
T

o
O -

ol
ol

o &2

7] el d2 AR dEe F

==
o T

=2 A4S 10-DA 3 2.

1B
=

;io

(10-1)

(W dW) + (W— dW)(x— dx)

(W) (»

3 o] vepa %

i (10-2)2]

S

R

(10-D)Aell A 22k 1]

(10-2)

b (10-3)2 3 2o

A3

o] 2493 x| e 25 x4

ol
oH
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Mass Transfer

W
vdw _ W, % odx
IWE W_ln W2 _fxzy—x (10_3)

(10-3)21 & Rayleigh o]} 3t}
o714 L= Uk FERFe vE FEFE B A (10443 Zeo] A9

A,

B=—7g— (10-4)

ek, (10-3)21 (10543 o] ekl = St

1 M dx
In—— = = _
714, v Behaa velA 377t 2FE BEE Qo514 evn 47
x9} BRH 57 24 Jomw Swe) ARae xy FHo| AHA e

w
W= AR olslA gt ol Auat
WA 29 uAe BARAE 293 o Ao xoh iy xe $AS 1A 1
B Uiy FH% x Fhel Aol wAg Fa xol agee [P
o gg Fan

_ (" dx _ (" dx _ (" dx _ ; _

S_sz y—x Jyy—x fxo y—x Ll (10-6)

olgld x i [P e AnE aew, ol RYe Fig 1020 84

& .
(10-3)4 5 (10-6)4 el o8 Wy, x5, xo7F 73iA™ 10-7)4 22 FH W,s
T 5 AUk

In W= W,—I,+ 1, (10-7)

ELE Wi, xo, WoZtk 8l A (10-8) 4 ol A L7F -8l Xt

L, = —Wn(W/W,)+ I (10-8)
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ol = %< Dlkel, =99 Bd2dS xpdwtklet o =

Wix,— Wyx, = D xp,,
(10943 (10-10)4 o2 FH HTdxAHL (10-11)2 3 Zo] #Hr}.

Xpay = (WM xy = Wyxy) [ (W — W)

X,
i
X

>

(10-9)
(10-10)

(10-11)

7123 Raoult's law7b A #sh= 2424, = (10-12)4°] A Hst= Aetd

(10-12)4% (10-5)4 el Bgishe] A2shd (10-13)4 7} o] ).

_ ax

Y"1+ (a— Dx
w_ 11 x(1—x,) 1—x,
m.% ——lnl_B——a_l[mAﬁu_xo%wdnl_&

H e ¢t FEESY A= (10-1494 3 2ol »yERE & vk

1—x

I T=I—x,)

(10-12)

(10-13)

(10-14)

x-y FAe &® (10-5), 10-13)A MM B, xi, x22 #AZF 25=4 (10-14)
[e)

Aol elal lele] xol talAE 0B T 9
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Mass Transfer
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Mass Transfer
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