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e “There are no foolish questions and no man becomes

a fool until he has stopped asking questions™

e Charles P. Steinmetz quotes (Prussian Engineer and Inventor,
1865-1923)
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B A /Bl Y BE P 5 E-Moody Diagram

E Turbulent ) e(cm)
. n " Drawn Tubin 0.00015
= 0.020\ Transitiondl Commercial Steel 0.0046
o~ Laminar . Asphalt Castlron 0.012
“35 0015 | Galvanized lron 0.015
S : ! Cast Iron 0.026
— | Wood Stave 0.0185-0.090
3 \\ Concrete 0.03-0.3
3 0010 | Riveted Steel 0.090-0.90 0.01
¥ 0.009-~ !
g, 00087 NN 0.004
< 0.007 ! I
L 0.006F ) \
S 0.005F Vo 00791 % ¢/di=0.001
0 L =
2 B /= (Re)? B 0.0004
o 0.004
= =16/Re
g (Circular Pipe Only)
5:) 0.003 ; / 0.0001
- 0.20
R
(Re) Smooth 0.00005
0.002 | v v vl | |
3 234568 4 5 6 7 8
0 10 10 10 10 10
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FEtEBET > BEREEFEREHEEESIHMEE > Wit
UBmENER(OCEEERN RS2 > —EZEHEEEMT)
d;i=2cm=0.02 m
L=10m
Q=3OL/min:30%OS:O.5L/s=0.0005m3/s
NI EETE 4. = %df - %(0.02)2 ~0.0003 14m>
O0=4 -u . () (r d; =2cm
0 =30 L/min ~
0.0005 m*/s = (0.000314 m*)xu | L=10m |
Sou=1.59m/s
JKAE20°CHIEEE ~ BB N (AT #EE R
1 =1002x10"° N-s/m?
»=9982kg/m’
SRR
:998'2X1'59>i?'02=31680
1002x10
135 (558 /(- Bl A B % OB FLRe = 31680 (ATl f 49
£50.0058
.-.AP:‘;—L-f%pﬁ - 4X120 ><0.0058><%><998.2><(1.59)2= 14636.6 Pa
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HH-Horizontal plane

VV-Vertical plane
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P-1-1: 40 NE TR > A/do=4 0 ZRZE ARG B AT HY ER 51 m/s > 225
2 By 1.2 kg/m® > 38 308 % 40 B 1% 78 4E 119 JBR I s fe] 2

Z/lizlm/s
A =12 kg’ Uedo
1-1-1 f#% :
Brégtedy TEMBEEE G > AN Al B > Frld ¢
4 P
4w
AI/A(): 4

FrDMlue =4 m/s
C,H3E1-110] 41 50.41

2
57 AP = 0 41 L2X4

=3.9Pa
13
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47 AL (A RS
57)_%% =B \rh/n QJER%

#21-4 90°% » e £ A 2 P2 2RIFL BHROC,GE*PIF)

R/D
FEp o B 0.5 0.75 1.0 1.5 2.0
5 -- 0.46 0.33 0.24 0.19
4 -- 0.50 0.37 0.27 0.24
3 0.90 0.54 0.42 0.34 0.33
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£1-3 HERED2BRFL G&kPC, GE* P F)

( AO - 9 Al - ( 0. _ Al
() Yo (0 %o
g =180°
Bl 1-6 %5k & 1 & B
RO R
Ai/A, 8 12 16 20 30 45 60 90 120 180
2 0.11 0.11 0.14 0.19 0.32 0.33 0.33 0.32 0.31 0.30
4 0.15 0.17 0.23 0.30 0.46 0.61 0.68 0.64 0.63 0.62
6 0.17 0.20 0.27 0.33 0.48 0.66 0.77 0.74 0.73 0.72
10 0.19 0.23 0.29 0.38 0.59 0.76 0.80 0.83 0.84 0.83
16 0.19 0.22 0.31 0.38 0.60 0.84 0.88 0.88 0.88 0.88
7k %< kR : ASHRAE Handbook > Fundamentals » 1997 » 32%
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B
% 12 Fivnd T RRAEGES 250

TR kiR > fg3lt i
(% Kakag and Liu 1998-
7)
12
Blasius 1 =0.0791Re "%’ 3x10°<Re<10’
Drew, Koo, and McAdams /' =0.00140 + 0.125Re ™ 3x10°<Re<5x10°

Karman-Nikuradse 3x10°<Re<3x 10°

ﬁ =1.737In(Re./ /) — 0.4
N

g ﬁ=4 log,o(Re+/ /) —0.4

s L f=046Re ™
Filonenko f =(3.64log;Re —3.28)" 3x10*<Re<10°

P E R R R R G A% (bulk temperature)


http://www.nctu.edu.tw/

P SUESE

Egﬁjﬁxéé?”

17

e e

?‘E%ﬂux [E TR - o n] DLRE R 2VE IR A ) T FOAR A TR EEHYAE

—”4? A S E (temperature gradient)is; - gE= PAZLEERY 7 =K E
B AEERIIIMEY R | B E 2 EH 17 mAiss - Hilge

EuwMEﬁLﬁ%L

B ARGHEI N E B A RS AR - S A SR ERIACH - HiRE

=RIELE EE (heat) =i & ZLAE(thermal energy) o ZVEIER =5 2 EHE

(heat conduction) - £t (heat convection)f124E S| (thermal radiation)

— PVEE L [ERGERE L UAe AV EMESU T Ay AR DU AR 70+ |Y

BRSO UEE T R ACGETTEAE IVEIR + 2N 2R R FR SR B 7

BT B BN T FUETEVE S -

MEVEE B HEFJ) ST REE(K]) - B8 2B ANRER fvkd/kg

1 Joule =1 N-m

BT ISFFEIFAYTh - Fl RT3 (power) » BEAT By FLRF(Watts) -

1 W=Joule/sec
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i Conduction through a solid Convection from a surface Net radiation heat exchange
;".’ ﬁ_ }:'. L] or a stationary fluid to a moving fluid between two surfaces

g:l':i'_i!.ﬂ Tung University
T, »T T BT

T T, i Surface, T
a —r o
P \“ Moving fluid, 7., .
él“ *3? 5 — /\\ Surface, T,
‘ W) > qu —> q" qi \T/
—_— ETJ Q2 -

Conduction: Heat transfer in a solid or a stationary fluid (gas or liquid)
due to the random motion of its constituent atoms, molecules and/or
electrons.

Convection: Heat transfer due to the combined influence of bulk and
random motion for fluid flow over a surface.

Radiation: Energy that 1s emitted by matter due to changes in the
electron configurations of its atoms or molecules and 1s transported as
electromagnetic waves (or photons).

» Conduction and convection require the presence of temperature variations
in a material medium.

- Although radiation originates from matter, its transport does not require a
material medium and occurs most efficiently in a vacuum.
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£l {8 % (heat conduction)

: KA
Qcond,wall — T(Tl — Tz)

k = thermal conductivity (W/m.°C)

19
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Qcond =—k (2721’L )d—T .
dr

: dT
Qcon — _kA "
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Yo To
' d
/ - Qcond TF — _ZﬂkLJ‘dT
T.

Ti
T fi i
,’ Q \\ — Qcond ll’l(r—oj — 27Z'kL(T; — To)
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In(r /r)/2nkL — Qcond _ i 0
U zn["o]
In < r,
7. h
R=—— 27k

- 27kL

20


http://www.nctu.edu.tw/

iR 2 (Thermal Resistance)

Physical System

Electrical Circuit
Xy V
T =That \'} Vv I —
1 Ro 2 R
T Thermal Circuit
a, 0 - AT
—AAAANA—0 —
T, T, L
Ty =Teoud R = LJAK -
- L - kA
— X
FREP A GEERE T R B ‘
T ,L
’ LT, L
FourlersLaW':>Q nd——kAj ——kA R =
co L thermal k A
T1 0 |
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A #18 E %k (WmK)

1> Silver (pure) 410
4% » Copper (pure) 385
45 » Aluminum (pure) 202
45 » Nickel (pure) 93
48 > Iron (pure) 73
B4k 0 Carbon steel, 1%C 43
4 » Lead (pure) 35
444 £ £ > Chrome-nickel steel 16.3
(18%Cr, 8% Ni)
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I\7I ore on Conduction

& Conduction is regarded as the energy transfer
from more energetic molecules to less energetic
molecules

e Applicable to solid & fluid

& In solid, the energy transfer is in the form of
lattice wave induced by atomic motion. In
electrical conductor, an additional mechanism is
via translational motion of free electrons_
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KNOWN: Heat flux and surface temperatures associated with a wood slab of prescribed
thickness.

FIND: Thermal conductivity, k. of the wood.

SCHEMATIC:

LK;

'}‘;=40¢'C EL=4OW/ME
Ti)

L=20°C

L=005m

Y.

=

ASSUMPTIONS: (1) One-dimensional conduction in the x-direction, (2) Steady-state
conditions, (3) Constant properties.

ANALYSIS: Subject to the foregoing assumptions, the thermal conductivity may be
determined from Fourier’s law, Eq. 1.2. Rearranging,

L _ 40 W 0.05m

T-Tp  m? (40-20)°C

k=qx

k=0.10W/m-K.
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KNOWN: Thermal conductivity, thickness and temperature difference across a sheet of ngid
extruded msulation.

FIND: (a) The heat flux through a 2 m x 2 m sheet of the msulation, and (b) The heat rate
through the sheet.

SCHEMATIC:

—A=4m’

W
k=0029— f»g I
m-K
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ASSUMPTIONS: (1) One-dimensional conduction in the x-direction. (2) Steady-state
conditions. (3) Constant properties.

ANALYSIS: From Equation 1.2 the heat flux 1s

dT T -T,
" = _k = k—l =
Qx dx [
Solving,
q; — 0,020 W y 10K
m-K  0.02m
g =145 <
m
The heat rate 1s
_ — TI’U 2 _ e
QG =Qx A= 145— x4m” =58W ~

m

COMMENTS: (1) Be sure to keep in mind the important distinction between the heat flux

(W.-"'mz} and the heat rate (W), (2) The direction of heat flow 1s from hot to cold. (3) Note that
a temperature difference may be expressed in kelvins or degrees Celsius,
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‘Heat Transfer Rates

Convection

Relation of convection to flow over a surface and development
of velocity and thermal boundary layers:

u_ 7 ol
—_—
> LA
- Velocity Temperature
distribution distribution

I(y)
1

H[(y) Tqu

L— 54y  Heated L Ty
surface

Newton’s law of cooling:
"

h : Convection heat transfer coefficient (W/m” - K)
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TaBrLE 1.1 Typical values of the
convecltion heat transfer coefficient

Process I
(W/m* * K)
Free convection
(Gases 223
Liquids S50-1000
Forced convection
(Gases 25250
Liquids 100-20,000

Convection with phase change
Boiling or condensation

2500-100,000



http://www.nctu.edu.tw/

@a;i ¢

Narional Chiae T"n__q IBFITY f.."I'SII‘J

Buoyancy-driven
flow

F'?lrced o 2 — Hot components i E .
ow / on printed
— |_| [—| |_| |—| circuit boards il . . q
— “I I
R — —
BERERE m = .
—
EEEER ..

Air 1 T T
{a) (#)

q" Water
droplets
Cold \ |7 I
7

=

%]
15
f_,_,-—'_‘—\—\..‘\
(>

[
[ =]

2
[ =]

(=]
© &
00
-

(c) (d)

IFicure 1.5 Convection heat transfer processes. (a) Forced conveetion. (b) Natural
convection. (¢) Boiling. (d) Condensation.
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Heat sink =
Heat sink bond e 0,
Lead=» B B;C
Encapsulant

FIGURE 1.2 Primary thermal resistances in a chip/heat sink assembly. 6, is resistance from the
die junction to the device case. . is resistance from the device case to the heat sink. 6, is
resistance from the heat sink to the ambient air. (Adapted from Kraus, A. D. and Bar-Cohen, A.,
Design and Analysis of Heat Sinks, John Wiley & Sons, New York, 1995. With permission.)

Ficure 1.11
Y A finned heat sink and fan assembly
Exploded view (left) and microprocessor (right).
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KNOWN: Hand experiencing convection heat transfer with moving air and water.

FIND: Determine which condition feels colder. Contrast these results with a heat loss of 30 W/m” under

normal room conditions.

SCHEMATIC:
/ w@
i

(A )

T.=100C q"
V=0.2mls Vs v
h =900 WimZ-K

—Hand
T4=30°C

|

=5 °C
35 km/h
40 Wim2-K

Teo
V
h

ASSUMPTIONS: (1) Temperature 1s uniform over the hand’s surface, (2) Convection coefficient is
uniform over the hand, and (3) Negligible radiation exchange between hand and surroundings m the case

of air flow.

ANALYSIS: The hand will feel colder for the condition which results in the larger heat loss. The heat
loss can be determined from Newton’s law of cooling, Eq. 1.3a, wniften as

q'=h(T;-Ty)

For the air stream’

Ghir = 40W/m® K [30-(=5) K =1.400 W/ m? <

For the water stream:

Ceater = 900W/m? K (30-10)K =18.000W/ m’ <
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KNOWN: Long. 30mm-diameter cylinder with embedded electrical heater; power required
to maintain a specified surface temperature for water and air flows.

FIND: Convection coefficients for the water and air flow convection processes, hy, and hy,
respectively.

SCHEMATIC:
T.=90°C D=30mm To=90°C

— b

Water —é':
L=25°C) ¢
_—

V,.',.-=1mk

o "_ 200 W
Va=lomu Ta=9P%
q,-28 kW

ASSUMPTIONS: (1) Flow is cross-wise over eylinder which 1s very long in the direction
normal to flow.

ANALYSIS: The convection heat rate from the cylinder per unit length of the cylinder has
the form

q'=h(7D) (Ts-Tw)

and solving for the heat transfer convection coefficient. find

r

h=—
7D (Ty - Ton)

Substituting numerical values for the water and air situations:

3w
28 = 107 W/m 2
Water hy = =4,570 W/m~ -K <

7 % 0.030m (90-25)° C

400 W
Air hy = - — 65 Wm= K. <

% 0.030m (90-25)° C
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KNOWN: Dimensions of a cartridge heater. Heater power. Convection coefficients in air
and water at a prescribed temperature.

FIND: Heater surface temperatures in water and atr.

SCHEMATIC:

=2000W

R T .20°C [ h=5000W[m?-K (water)
E\K w=2 C{I: 50W/m?-K (air)

ASSUMPTIONS: (1) Steady-state conditions, (2) All of the electrical power 1s transferred
to the fluid by convection. (3) Negligible heat transfer from ends.

ANALYSIS: With P = qegpy- Newton’s law of cooling yields

P=hA(Tg — T )= hzDL(Tg - T

T- = T'J‘ + .
s ” hxDL
In water.
2000W
T, =20°C+ 5
S000W/ m™ - Kx7x0.02mx0.200m

T,=20°C+31.8°C =51.8°C. <

In air.
.
T, - 20°C + 2000 W

S0W 111‘2 Kxax0.02m=x0200m

T, =20°C +3183°C=3203°C. <
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KNOWN: Chip width and maximum allowable temperature. Coolant conditions.

FIND: Maximum allowable chip power for air and liquid coolants,
SCHEMATIC:

<W-5mm —>/

° t ]

Tp=15C —®

—>

Air, h=200W/m?-K

Dielectric fluid, reecasas il

h=3000W/m2-K D P

ASSUMPTIONS: (1) Steady-state conditions. (2) Negligible heat transfer from sides and
bottom. (3) Chip 1s at a uniform temperature (1sothermal). (4) Negligible heat transfer by
radiation in air.

ANALYSIS: All of the electrical power dissipated in the chip 1s transferred by convection to
the coolant. Hence,

P=q
and from Newton's law of cooling,
)
P=hA(T-Ty)=hWT(T-Ty).
In air.
2 2
Pax =200 Wm -K(0.005m) (85-15)°C=0.35W. <

In the dielectric liquid

2 2
Pax = 3000 W/mK(0.005 m) (85-15) ° C =525 W. <
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AIR _
Q

:: 50°C
— L
L ]

(a) Forced convection

Warmer air
rising

AIR /‘ O \
/,‘ A
S oL AR

]

(b) Free convection

. No convection

AIR Q currents

(¢) Conduction

Z03E]7i (heat convection)

Velocity
variation
of air Tf
=\ » - T
{ am [ Temperaure
- FLOW - .
of air
Qconv
A
& BEN
HOT BLOCK |

Qconv — hA(Ts — Tf)

h = heat transfer coefficient (W/m?2.0C)

35
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Newton’s Law of Cooling =

Qconvection

= hA(T, - T).

iR 2 (Thermal Resistance)

R

thermal —

1

hA

36
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H(Cont.)

— - F 5L ey 8 A 1@ % dic(heat transfer coefficient)

fluid state h > W/m* K
Gas 1 bar 80 - 125

Gas 10 bar 250 - 400
Water Single phase 5000 - 7500
Water Boiling < 5 bar 3000 - 10000

Condensation
Steam 10000 - 15000
1 Bar

37


http://www.nctu.edu.tw/

@a;if%

Narional Chiae Tu n_gL

o
f

A s R 4H(Cont.)

— B R ey 8 £ 13 7% #ic(heat transfer coefficient)

fluid h > W/m’K
Air (Natural Convection) 5-25
Air/ superheated steam 20-300
(Forced Convection)
Oil (Forced Convection) 60-1800
Water (Forced Convection) 300-6000
Water (Boiling) 3000-60000

Steam (Condensing)

6000-120,000

38
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¥ HApE A BB E S 2N (2

%17 Hipy* HE a0

A2 i g I

Bt
1. Nu=0.023 Re™Pr™ (it 4v$4:73248)  Re>10" > Dittus-Boelter = #%

Nu=0.023 Re*Pr” (3i4 frendll) 5\
2300 <Re< 10’

2
c f )
(/ R

Z/l
107+127,/ Pr2/3

f=(1.58InRe—3.28)

3. Nu =0.022Re"Pr™ AF FHE Re >5000
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-

NP i}
jﬂb%uwﬁa D

J 4R

=
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EREETHLE AT b A
a ?i‘%/.w_)i F’JB:J’% K TM“*
| AT TR R R g
(& #Db) > 4B F 10 Fn
(S R B e SN :’%Lefr
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C)’f‘z‘:l'umxﬁ)i};rﬁg% o
/n‘- z?)—ﬁév\#m%"/’“'&'ﬁf’# g
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> 5 I T2 G _E—(E{E IR %

-

y [ HYERE (viscosity) p Ry EETRDmSE NI AGAh S
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Geometry (L/D, > 100 > = > % &)

NUT Nqu

Nqu

fRe

—A 2b/2a = 0.5
2b Y 2b/2a = 0.25
Za 2b/2a = 0.125
9-120°, 22~ 0289
2a
L 26 1

2b 2a 2

2a 24

3.657 4.364 4.364 16.00

3.742 4.558

3.792 4.88

3.802

2.333

16.83

18.24

3.725 5.085 0.9433 19.146

3.34 4.002 3.682 16.06

2.0 2.68

2.34 2.982

2.47 3.111

2.26 2.91

2.976 3.608

3.391 4.123

3.66 5.099

5.597 6.490

7.541 8.235

4.861 5.385

0.62

1.34

1.892

0.851

3.091

3.017

4.35

2.904

8.235

12.744

13.153

13.333

13.065

14.23

15.55

18.7

20.59

24.0

24.0
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Question 1 : 4= B #751 » 'K £0.5 L/min/n 8- & 5102 ® 0
KT EEY S BERk v RA ST=20°C R BB R
g G ?

Question 2 © 4r% -k & %30 L/min > 3¢ 7 & i i ¢ B cE 8 7%
B ?

Q 0.5 & 30 L/min i
(> () j:d,-=2cm

L=10m ‘”

- -
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LHRE

E[HFT © R=R+Ry+Ry
T AaARE iAs iska)
T, ——VWWA WWW—
R, Rg
ZEEq
q:(TA‘TB)/R :JE@E

A = HEMEE

Q=q -
A sEMEV) iR R A fHPT

Za

45

RBE AR T 24

EEEFHPR,

AR5 -
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WHonnl Cliino Tung University fj':;:\ N ?ﬁ}?}i \\\ﬁ(COnt )

o
0 = 7
o o @ i oVt O )
gl A2 T A T
h 7 C
h, h, RA if RB
— —
0 74
g
Th - TW ?Tc _W_ q i 2
B EEFLFAR,,
M R=R, Ry +Ry
AX

#.3 ¥ q=(T,-T.)/R
Fig #2 # B3 PR AR BT LH Q=q-A — ifdd

I\}‘

T E A AR TR R R E
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1 1 1
+——+ O=T,-T, R
mA,, ﬁ hA,, h hA, ﬁ hA,
AX AX
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MBEQO AT 2

FAHAFE IR M 4E(Cont.)

= O = UAAT,,
. AT, AT,
— t
UA

= R,=R+R,*R,

¥ REE I
X
= For plane wall
kPAP

1
~0=; (T,~T))
1 N 1 N 1
hlAwl ﬁ h2Aw2
AX )
\l;f/l
A9 U- ey 405 AR i di(d e WmK)» AL 246 #
1 1 AX 1
UL hA, kA A
—— 1wl — 24 w2
W mfe FER ol
1 1
UA=UA=—=
o" "o 1‘/47 Rt 1 Xp 1
+ +
ha kA kA
—— N ——
RERIPEDT  smepyy ZERMIEDT

48

R — In(%, /7)) For tube wall
Y 27k L
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National Chigo Tung University fj':;:\\f_\‘j: DE: J?;}Eil\“\g(cont)

For fin-and-tube HX =»
_ — 1
UOAO o Ui ‘/47 o X

1 » 1
— + +
h. A4; kpAp h,An,
— —
SIS e 2RI

B Ui 22008 A4, g M {eg P RIA DS
kT o f— ’ p?}éﬁf‘%@%wﬁ{’nﬁ%p, ‘l\i”ﬁt‘ﬁc)i(ﬁn

surface effectiveness, 16 F# M) > h 5 5 & Pl £ @ ta¥c > h i ?" A
K8 A 8 Tl o

PREBGGERU G E > FARE D F RAG GEL, ~ F A DG
ﬁzhi R ’Einsff%f@ @5 A2 A,

\\—

49
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VAR

L Hgs R M 4E(Cont.)

- F R AY e # 18 % Bic(overall heat transfer coefficient)

FLUID COMBINATION

U(W/m?.K)

Water to water

Water to oil

Steam condenser (water 1n tubes)
Ammonia condenser (water in tubes)
Alcohol condenser (water in tubes)

Finned — tube heat exchanger (water

in tubes, air 1n cross flow)

50

850-1700
110-350
1000-6000
800-1400
250-700
25-50
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“  Narional Chico Tung University fj':;:\\f—\‘:'{ D;‘J?\‘}Eil\\gg(cont )
g TPk fk (steady state) T # 8 £ £ T T :20,=0, =0,=
. 0
0=ha,(1,~T,)=-2—=1,-T,, e
hl Awl it A2
(T.-T.,)  © ' "
_ kA w,1 w,2 — — T _T
© AX L m M :
Q:thwz(Twz_Tc):> Q :Twz_Tc
’ h2Aw2 el
=3 Ap 4 0 \
: 1
=0 (7,-T.)
1 1 1
77 111
mA, k4 nA, o i WA, kA nhA,
AX AX
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CLASSIFICATION OF HEAT EXCHANGERS
Disk Type

Rotary Regeneratar

e

Drum Type

Regeneratars

Heat Exchangers /

A7 =
Recuperator
> R

HFixed-matrix Repeneratar

\

Recuperators

_I_A

F4 =
Regenerator
IERESES R

Direct Contact Heat Exchanger

™

Drirect Cortact Type
(e.g. Spray and tray condensers)

Extened Surface <
Tube fin

* Heat exchanpers may bave single or two phase
fhaids on each side.

Parallel

* Flow <C0untar
Mized
Pl

Cross
TUnmized

Double Pipe (Modular ane pipe in another, may be finned)

Spiral Tube (Spirally wound tubes in a shell, used in coaxial

Fized tube sheets

/Tubular T condenser and evaparators of refTigeratars)

. {tube side can be cleaned)
Indirect Contact T

MR Shell and Tube <

U-hibe
{tabe side hard to clean)

Gaskeeted-plate (e.g. Alfa Laval desipns)

Plate < Spiral Plate (e.g. Types I, I and I of Alfa Laval)
Lamella (Ramen)

Plate fin (Plain, plaopeforated, serrated or wavy fios)

MEdi ILKER THRI
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HA] Recuperator

95

& €57 (Fin-and-tube Heat Exchanger)

& 7= 1, (Shell and Tube Heat Exchanger)
& =\, (Plate Heat Exchanger)

& [Z5E= (Spiral Heat Exchanger)

¢ =57 (Tube in Tube Heat Exchanger)
& Cross flow Heat Exchanger
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@E+7 ¥

Louver fin, one-sided

(h) e Ao Al
Slit fin, double-sided

(2) E =43
Slit fin, one-sided

() il
Smooth wavy fin, type (I)

(NSl o

Louver fin, with
re-direction louver

L5 )
5
—

. 1 A1

ﬁ

() # 17 ¥ 3
Convex-louver fin

Typical fin-and-tube heat exchanger (a) individual circular fin; (b)
continuous wavy fin; (¢) conventional air-cooled heat exchanger
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Iy ._n.‘.'i_iﬁﬂﬂﬂrc";l'ﬂﬂ TII'?:Iﬂ' Uuivcrsiry

(G
7%'E =\ Shell and Tube Heat Exchanger

- I.'.-

s

T,
':--':. Tuhe
- Cutlet
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Plate Pack

Fixed Cover

‘%%

g 2

Z o

e e
8 3 &
b.w ﬁvm
= = 5
32 & "
2
& 2 i
W S S 2
32 2 S 5
X3 g &
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ﬁfiﬁnﬂfﬂfﬁl’ﬂo Tung University

—FQ_‘ /5
:I:,;. =i
ZANES w— |

=7\, (Tube-in-Tube Heat Exchanger)
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iversi

g B . =
/ _l.‘fﬁ Chino Tu

Air-to-air Cross Flow Heat Exchanger

e — e



http://www.nctu.edu.tw/

62

Cooled Cold Cooled
GasOut  GasIn  Gas Out

O Valve Open/closed
® Valve closed/open
[] Hot period

Cold period

Heated Hot Heated
GasOut  GasIn  Gas Out

F2A#MUBEL FRE
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— Conispherical

Checkerwork

¢ Breeching
g (to stack)

Waste Gas

Shell

Combustion

Chamber
Hot Blast

ChHACKEr-wOrk

1
T
[ ]

-

[ 1

] ———3kalankell
IIIII \
Tl combu allon- ahad

IR 1

z 3

L

National Chiae TII'?:Iﬂ' Uuivcrsiry

Mushroom
STOVE VALVE TYPES

Valve

Main
Combustion
Air

_
w
o
U]
| =
o
°
5]

Hot Blast

Hot blast stove Fixed Bed type regenerator

cold biaa

hiondlastphase

ajon-gas phase
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National

Rotary heat exchanger

Motor

i\ 2 V42 E (a) Working Principle & (b) Rotary
wheel
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Cooling Tower

Trays Sprays on Ring Main

Cold .
Liquid

‘-.F‘I": .::
& *:' ‘4.
.:!"”" 2’
i ! Product

Tray-type direct HX & Spray condenser

65
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W <z gTz ®)
! Mg 2 §<=t='>“ B
%GR a6
LS
v 7 7
b

(d)

DISTRIBUTION-IMPACT ] L/ 0 | -
REGION —— | { : 0 @ h P
. ° %%'% ........... Ol T
é Alternate Layers of L
Louveres Turned Thro'90’
FILM-FILL
REGION S . g
(i)
|
A T
60406 00

. Air Flow h Tightly
Splash Type Film Type bt tog o Packed



http://www.nctu.edu.tw/

=g

ﬂ' O lﬂ'ﬂ HH "ll-"{-"l"!-'frl: 5'3 e - E[I;[
e ey Doty A s R 44 (Cont.)
0
o0 o o ﬁ%m@ﬁz oA i
Al 82 T 7 V AA

7 —WW—
? EEFE 7Ry

& R, 27 Rp
0 7/
k wl TWQ g

M R=R, Ry +Ry
#.3 ¥ q=(T,-T.)/R
Fig £ 2 # B & Rl2 ¥ £ &7 B Q=q-A =i{EBT

AX

PR

Rl AR AR TR PR E


http://www.nctu.edu.tw/

\® @z3ar¢
e Narional Chiiao Tung University ?\:\\/ \:|J: Dﬁ}%ﬁ\gg(cont )
748 T ik (steady state) T & B & E T fren o 2 0,=0,=0,=
Q‘ 0
Q:hlj4wl(]-}z_]jw,l):>—_]-;1_]-vwa1 G & & B
hl Awl it A2
(r,,-1,,) © " "
_ kA w,1 w,2 — — T _T
© AX L m M :
AX S~ h g Q QWI ng g g |
Q:thwz(Twz_Tc):> Q :Twz_Tc
’ h2Aw2 el
ZApte o \
: 1
=0 (7,-T.)
1 1 1
77 111
mA, k4 nA, o i WA, kA nhA,
AX AX

68
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MBEQO AT 2

= 0 = UAAT
. AT, AT,
— t
UA

= R,=R+R,*R,

¥ REE I
X
= For plane wall
kPAP

1
~0=; (T,~T))
1 N 1 N 1
hlAwl ﬁ h2Aw2
AX )
\l;f/l
A9 U- ey 405 AR i di(d e WmK)» AL 246 #
1 1 AX 1
UL hA, kA A
—— 1wl — 24 w2
W mfe FER ol
1 1
UA=UA=—=
o" "o 1‘/47 Rt 1 Xp 1
+ +
ha kA kA
—— N ——
RERIPEDT  smepyy ZERMIEDT

R — In(%, /7)) For tube wall
Y 27k L

69


http://www.nctu.edu.tw/

70

A tes R 11 4H(Cont.)

- F R AY e # 18 % Bic(overall heat transfer coefficient)

FLUID COMBINATION

U(W/m?.K)

Water to water

Water to oil

Steam condenser (water 1n tubes)
Ammonia condenser (water in tubes)
Alcohol condenser (water in tubes)
Finned — tube heat exchanger (water

in tubes, air 1n cross flow)

850-1700
110-350
1000-6000
800-1400
250-700
25-50
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Q4 5a BREBHBRIA A 2 > FULLMTD-F 26-NTU = 2
{3 ABIL Lk (e i- B A K SRR

1. # % #ﬁ@ﬁa’&_ %é A (o g AN )

28R ~i# R 5 - 2k~ % (one-dimensional) > F jR A8 & 2 K I % o

RJOME | B2 el '”'I;TE » ¥ AR TR > BERAIE RN IRt 0E (Cp)

4
5 g

6.5 & 4 % 17 Wlmﬁrw 504 fnk o

7 —‘i;}ﬁ'%?\lﬁ)ﬁ"L’ﬂﬁ '—’ﬁt_%_i\‘);f@(m-&rf‘% éﬁ‘?@' ‘,L%‘});}%g)

#1875

1
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PMEEAZS14H(Cont.)

Insulation

W= F //4‘ ° E
B ] ' J °
v T LR T e e e S E e e Ty SR RO, D e i D TR
b e e e e R S e
; F
I

>;¢ B 2 &Rl en

)_L Y .ﬂ Lets (H‘ELp} Ter A :: lez, {mﬂp}c- T
iy =& Coldl ﬂuTid &

1
D SR e e o T T T = A
| |

int, (MCpn, T

Q — m(l —7 ) e o RS hof’ﬂul e ——
2 1 S R R R e A e p

A A+dA

Q (m )c(Tc _T) (mC h)h(Thz Tho)

B C=Gic,), and C.=(ic,).

72
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*#’*m%é% 2 3 B
B2 HE >

= 5 . pe ¥ [l
A B IR R m’
e ARV EE B (e, ). WK
Cy BRI AR B Lf%"(n'icp)h W/K
0 g W
Omax R S W
g 7 PR (O/Omax) & F =
m ' kg/s
Cp v J/kgK
q i B =04 W/m?* K
Conin Cc 8 Cp @ | & W/K
U WA G W/m?*K
NTU BEE = UA/Con & =
% Crnin/Cmax SN
Cinax Cc22 Cp® o~ F W/K
Th,i QU PIE iR m_)i °C » K
Th,o Eoplon g o g °C - K
T.; SRl iE T °C » K
Teo s IEM W g °C - K
/7 e Thdic & F]=x
P BERTF PR (Teo—Te)/(Thi—T¢) &/ F]=
R C/Ch > (Tni =Tn,0)/(Teo —Tc,) & F]=x
LMTD ST 308 B X SR
A, B R F RSB 2B AREL 0 (T — T °C K
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IO HT ticie Tuin HIVErsi N E“;[ \\ \\
National Chiao Tung U iy ij'g}[-(‘/\:l{ Z ﬁ,%h% ﬁ%jj

> < Fld I Heat transfer surface
(D) 7 ok (parallel flow) |G e ——>,f/_ |

> < Heat ransfer surface Fluffi 1
(2)iz = 7~ (counter flow) ] X 11‘

(3) 2 R it(cross flow)

Fluid 2

(c) @

(a) fin with both fluid unmixed (b) unfin with one fluid mixed
and the other unmixed
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75

Q& & m,,, Bod A iy > k3t Ty
FRTART A ST A 5 T
‘ Th,o
(1)L 7 7w (parallel flow) » pt BF e i) T)T.
gL Rl T A - i £ 3R - -
K % i 4ot BlATT T,
0 X L

T = o
I fF o

= f'?/;f‘—;/n 'E VI a Bl e ,E_,r]

(2)3% # o (counter flow) » 2
v ElpahlivcER &

= #ip
-
M ViR endl v 23S pleE T ,";p_Pa—
B
w7
=

Bl & Al g B Aot Bl ATow

Mo A RN v BRET T g
A A L
E]J% v );E :I'IEE-AIEL'_ ER.;%Q o lﬂrﬂ'/:

i?/:n~111'§ /H'-ﬁ“"ﬂs ra"—l- ,&r‘]
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o National Chiao Tung University %&X?EﬁZ;ﬁ%;ﬁ%ﬂ@%(cont')

(3) % 45 it (crossflow) » 44 ip] e =
R 2L R T RR B LE 0 e | e
J %@Bﬁ . in %9 @9 ) T B

SRR R R AT 0 d (e
Blv itk T v BRR

Fo— B i AFFEe I o AR

PR 3 RES T EARRSY

- PR R A PRI EE L pa smisiss sor L E
¥ € d BB v dic (pass)frie s

v 8 BB R AT
R ?fqﬁ,i*'v—"é’#? - B
9 % B et e il B
gﬁ_‘ﬂg o

(4):R & in# > 3¢ (mixed flow)
g P e A G TR b A 2 K
e 3 iR L oo LI ERR T LW
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<

1 Pass (¢ il 5 - B w#k)

<

<

vy
C

<

3Pass (¢ & = B w#)

)

y PP - =

vy

>
C <
2Pass (¥ s A v i)
C <
)
C >

4Pass (% 5w B w )

Bt 27 3 W
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Blz 3k A%

National Chiao Tung University fj':;:\ ! N ? H E[' Zjﬁfg’% 5ﬁ$jj :[E ; L\E (COIlt )

(2) iégjft i A (5 ﬁ?‘A
(3) H4c 4 2B R L AT,
N Y 4 A e A » 2 ) _\,:% /I-”L 7\_/ w _5'17}

S o A 34 A L ER L ‘Li’%ﬂ\/ﬁﬁmﬁ-f ‘P:?‘P/ %— F im.éifl;w ’

Pt E A Y > Mg et P E G RS GNE R A o iET e

= 2, 2 2 |3 Jo= o5 =
M T B RGT T A BNARSNCERE R E T FRE TR N
IR - O
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. . T},
~ condensation . condensation T, ’ .
L - Thof s - L cooling
y Teo| |7 Tho
Lo evapoga ton Teo T, heating = B : T
evaporation 0
(a) (b) (©)
T,i _
T cooling - cooling
E’O Tc'c)
. - T, n‘é\ - -
Zi;¢¢¢45”’ﬁ§§?Tﬁg é_ evaporat10nj§:>
(d) 8 (e) subcool ing
Thi
superheat
condensation

1.0 subcooling

\\\ $W
(2) T.; (h) heating T.)

C,l
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e Narional Chiiao Tung University ?\:\\/ \:|J: Dﬁ}%ﬁ\gg(cont )
748 T ik (steady state) T & B & E T fren o 2 0,=0,=0,=
Q‘ 0
Q:hlj4wl(]-}z_]jw,l):>—_]-;1_]-vwa1 G & & B
hl Awl it A2
(r,,-1,,) © " "
_ kA w,1 w,2 — — T _T
© AX L m M :
AX S~ h g Q QWI ng g g |
Q:thwz(Twz_Tc):> Q :Twz_Tc
’ h2Aw2 el
ZApte o \
: 1
=0 (7,-T.)
1 1 1
77 111
mA, k4 nA, o i WA, kA nhA,
AX AX
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> H ¢ 31 & (rating problem) : & FrAA LI B4R AT F ol tlE v iF
PEEAGHLFEE CRFZ M CRET) o

> %<2kt (smng problem) :@: & Ar#k f&%fé RMa(FEg s e d o
F?_E,\) y J_ 5‘59\ 12 a"}(?ﬂt@'g ?#Lﬁ'{)

> i & T fi7= 4% 7\ (Energy balance equation) :

Q=m><Cp><AT =0 =(iC, ) (T, ~T.) =(hC, ), (T, ~T,,)

o HEAIFEBORE GRS BNET B A 4T

Q = (UA) DrivingPoential, SEHZ%)

Q:UXAXATm » AT, & 7 T2 8 R A
F\:B’E*E D deie R A E T U & AT %
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Wl 2% [ TD-F Method 2

QF R HERET  SHP 4 SR ERL  SBRPT 2 TOFL

— % A3 ok R AT =2
O = UAAT |

LMTD = =AT, =AT,, 5,
AT -
Inj —— Ly
AT, s ,
§ h,o
AT =T, -T.,)

Areqa —=— (x)

AT, =(,,~1.;)
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= Counter Flow heat exchanger

C,:-‘::C;E 1 C,:':sz'ﬂ

C.'?'E = C": : C.-?'E = CP?EE.;.-"E

Surface

Area, A

Ty
Tpo— T
T
T Ce
b I~ —
Tn:l
Tn::l
- -
L 0 Surface L
Area, A

(ay Fig2.if w2 jidling = w7 LR ()

O =

(m

Cp,c )(' (T;

_T) (mC h)hi];zz Tho)

83
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W22 8 %% ()1 LMTD-F Method(Cont.)

C.=C,,C.=Chy

> %_% LMTD - AL —Al T 4
In(AT, /AT,) T
» The total heat transfer rate for all single-pass
flow arrangements I -
Q = UAAT \ )
Im |
El l [‘EL
a2 ‘E"' Z ,‘;:T'_ y W = ’
&+ e (CFHX) » & C=C, 0 Surface L
Area, A

(T,,~T.)=(T,,~T,,) and AT, =AT,
Flp s B
O=UAT,-T,) and (I,-T,)=AT,=AT,
@ 5 T {77 ( PFHX)
AT =(T,,-T1.,) AL, =(I,,-1,)
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Lﬂé‘ i *"% UA-LMTD-F Method(Cont.) ®

Q4r % nd 3 2 3% % n % B (3] 4c-Multipass and Crossflow HX)
L
AT, P Z# M E30AT, L k- BT G#cF FE» ¥ EP &
m# A fE2 P RF M > ® F=FGn#4lf > P> R)

- 21 #passZ HE S HAIHEE
Q0 = (UA)F(ATlm’Cf) ¢| (31 5 1pass)
>
(5, ~T) =G, =T,) r( <
AT}m’cf: , , ) , I r
In (Thz _Tc,(% ¢
(T, —T.,)
_ Lo =1 . Al, < Fie -] >1 >for cross flow &
I, =1, AT, multipass
arrangement > X &
po G L=l 0.9~1.0 -

¢, T1T.,-T, F=1 - For pure counterflow
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FE P~ R Fekf 7 B

Q=(mC, N, ~1.;)
=, C )T = T,,,)

_ 7-;,0 _T;,i _ AT;
o T;l’l _]';.’l T ATmaX ---------

R — Cc — ]—;l,l' _]—;1,0 Eas
Ch T;,o _T'c,i !

---------

UA-LMTD-F Method(Cont.)

F for Pure Cross Flow (Tiy |
Ty (TDi-(Th)e . o
_%_(1'2)0-(7'2):' (2 — — (2o
Ty and Ty are interchangeable
l (To
N NINSS S S s e A e }lg\ |_
NENNANNINEE SN
ININRNNNSSRNNNERS
RIRAMNAN SO NN NEY
AN RO IR
LDV NAN ANEAAAYA
ANV NN NN NN &
AV NRAWEN \\\leX‘
\\\\\\\\\\\
R WAV WAVEA
/N \\ \\ \ \\ \\ \\\\‘
i I | "
sl ezl v e 3 T[N 'Ci_iw\J\
0.0 \\O/(E.""O._.z. ..... b"?, ...... (.).ZI. ...... 6.5 ...... 0. .6. ...... d .‘7. ..... (j -.g.-. 09 1
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?it% UA-LMTD-F Method(Cont.) o

Fe P~ R & enfif (% B

‘o (one shell pass

A\ I R RSN S UENE S and two tube pass)
" IMTANNNR NN WA
TN TNY
0.7 \ \ \ \ \ ll
. VU RN I
0.6 WA\ \‘\ \\ U\
H
04 i_'? T II P
B L R o
03 7 IR ol A i i B Y B A Tl
0.0 01 02 03 0.4 05 06 0.7 08 09 1.0

& LMTD correction factor F' for a shell-and-tube heat
exchanger — one shell pass and two or multiple of two tube
passes


http://www.nctu.edu.tw/

R 2 1 F -
Bzxd ~¥ e-NTU Method

@ =L ¥ & # (hot stream)fri4 Uit (cold stream) 324 % £ (heat capacity) -

C, =(me)h C.=(mC),),
Cmin }3. & %‘7‘ E‘&f‘%‘g iﬁ*'] ':Fk]

® ¥_3 ¢ (effectiveness > # »% /&) 22 NTU (number of transfer unit - % £ &
) F AR TAACT

AP QL RIBFFRFHIALLE 0, » BIBFT ik fiFigizT 2
X T oI - -
N M)
Y <«
Tco Q Tc,i ¢

#BE DT R B
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max

.75\"\:/{ C (mc)h ﬁ"“ (6] pc ?}3 = > LB:”‘:’E*\‘ lfs,br,ﬁriﬂ éﬁ‘ ggm‘i ﬁ% ’
R4 plend o /x}igﬁzﬁf” ARITE R T B R gl L
TR AP LR EESL R R g:w&fkw it v f A (R
B ACE ) o FI 0 R A TR @ﬂ

Qmax — lenATmax — Cmin (7—;’11 _T;i)

Tc,o \\éTh,o
O MBS EHBE L \v\

0 =0y, =£Cpi,(Ty, = T,))

He C 5 EREA R A «‘—g e Cosi

ZRBEHEE (heat capamty)iiu A s o
h,0

T o 0 w5 & et Rl e . »

‘:";E- o 8%‘};_'_‘,‘)3/;(0]‘4‘
(effectiveness) o
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(Cont.)?

max

Q ( )( _T) (m h)k(Thz Tho)

L] ‘
L] . .
--------------------

HrH %' =mC, ). , =mC ),
It C.<C,= (T.,1.)>(T,-T,,)

If Cc > Ch = (]—;,0_]1’,1') < (Th,i- Th,o)

distance along the exchanger

90
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23RBS hatis O

max

(Cont.)?

»>Casel | (mC,.), <(mC,,), Cold fluid=minimum fluid

AT, > AT,

D
.
@

a s

--------

Cmi
if C <C, n

If the heat exchanger were perfect, T,,=T,,

€

7}11' — Tco 1
T ho
cold side: - Tci

this temperature difference  gjgtance along the exchanger

only depends on inlet
temperatures |
Opee =mC,) (T —T.,)

];1...

4

T -

co

distance along the exchanger
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(Cont.)?

max

»>Case2 | (mC, ). >(mC,,),  hot fluid=minimum fluid

AT, < AT, -

1

O ax :.::(mcp,h )iz.(Thz N Tcz) /.

if C >C, n

»
-----

distance along the exchanger

If the heat exchanger were perfect, T,,=T.,

]}t ;

I
Eo-x
.7—}1 _T

o tci

hot side: A=oc0

this temperature difference
;i distance along the exchanger
only depends on inlet

temperatures e

Op-.. = [mC, ),m(Thi =Tyl


http://www.nctu.edu.tw/

Bz38%%  \hais 0 (Cont)?

max

f .max = (mcp,c )c (7—;1,1' o T'c,i) lf Cc <Ch

Qmax — (mcp,h )h (T;z,i o T'c,i) lf Ch <Cc

\

- Q/max ~ min (];z,i o T;,i)

Q =& .max — Scmin(Th,i _Tc,i)

¢ (effectiveness » 7 /)

o _¢,-1,)_ C(,-1)
Qmax Cmin (Thz - Tcz) Cmin (Thz B Tcz)

8:

93
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l.efit 5 7 »xiE(effectiveness) » iE i A)3% 2 £t 3
number of transfer units) ~ C*(C

2.
E4E
‘F' :b

FINTU (7w 7 ¢ AZ1F 2 — &

e
BB A AA AR AEU R b ] £ Cmi Y

»- S NTU - &g + 53

Bz 38 LY

Narional Chiao Tung University What iS 8?

L} E o g7 Ao 5 NTU (B LH =
mzn max ’1:"4’”“ /”Lﬁj ﬁt‘l BE‘ ﬁ?ﬁ,ﬁ';;

E :g(NTU’ C* ’ ‘/n"—'g i ﬁ"i‘tl] '\‘)

Q = (mcp,c )c (T;, ) (m h)h(];z , T;z,o) — UAATm
BRHE =NTU: NTU=UA/C,

|' (thermal size) ; K 2 &+ ¥ FIRT £
£ o

e

4

7 0.0~4.0/ 5 %

|~ .

RS RESEIEHEDS
— R B ETPF R e W F

8’£ gKJ‘E?NTUE‘f’J
i“g%tﬁrvi‘gét »m ¥ i“géti‘“‘lﬁf@‘%ﬁ_&@ / yff‘aé‘fdﬂﬁ}ijﬁ*g i}&é&frﬂ%‘n: B e TF
BIAig i d T e 22 NTU ~ C*RF el 72 o

> % s o)

C BRE BRI R R g g AH AL D

» H]4cBB > d
S EE e B3R 0 F NTU < iE— B E S > TUi‘a%uF g rF is;glﬁ%
FRANEF L AP - B e BIBEBem F3 LF - 27 ARG E
BRI LR, FEY LR DT F o ¥

TFe o

@2m@yﬂng¢%ﬁ%'@m
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BIA i inds T 5§ scR 2 NTU R eibf % Bl

100 L —

60

- 0 ocooo
o monrmO
| | \\

%o

40

Heat \ransler surace -
W

FFITFFTFTIFFTTFFTFTFFFEFFFFFFFFITF

&= Q/an ax

20

3 4 5
-
FIGURE 3.7 Counterflow exchanger = as a function of NTU and C*,

v
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BID 2-Passzig s #2#EF  EAEART TR B

0
T 1
1,in I
]
]
]
2,@”NT
v 1, out
[
[
T I
2,in H
Bl
fer it — Wik B % - v ik
T ST Lk L

»- @3 o Beis - Bw Bic(pass)F L Y - RURHM ARG e Rl pE o W
%o L i B eI %
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éﬁnffci&u"rwiﬁapamty Heat Ratio C* g, &

. Capacity heat ratio C* » 2% = C, . /C

T
F- BAIHEE? 5 - RRE KIS 4P FF (evaporation) & 4

. v v . _ oi
(condensation) » B| C*=0 =4 %5 C=mCp > ™ =2

or AW
A /}{fﬂﬁﬁiﬂ -,"5@ 4 }%ﬁj = T

KA E IV ]2 C* 20>

~05 (Bif- T > S AR ES S A RERY  RARRFT % £

7\"\?’ LJI:“T—
i heat sink g heat source? #xC, . = "7 & B/ RG34 > @ Cminf]‘% H_
R Tk

PEERILE? FHIS 4 EF ~ #  B i
$)

BV AR AR EE 0 P Y
B ¥ NTU FF enfd 4 5\

S Rt A (B AL TR 2 R E 3 R

cEINE G UG xRS NTU e
=

"}3 T e 95% 1 oo
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@Ef%u% e-NTU Method(Cont.) )

» Single pass heat exchanger C.>C,
ﬁCh:Cmin and Cc:Cmax

P

1—exp[-NTU(1-C,,,. /C,..]

- 1— (Cmin/cmax ) CXp [_NTU(I_ Cmin /Cmax )]
NTU
(1).For C_. /C_.=1 and Counter Flow & =
1+ NTU

1
(2) .For Cy/Cpppy=1 and Parallel Flow ~ &=—(1=¢™"")

max

—NTU

(3) For C,.. /C =0, both CFand PFHXs &=1—e¢

max


http://www.nctu.edu.tw/

@) Bzxid LAY -

Narional Chiae T"n__q Unnr.crs:rJ
N 2Ll
FQ'& /J\( N ;]'\‘ ‘—1 '7EII )

7 ke NTU B &

TABLE 3.3 ¢-NTU Formulas and Limiting Values of & for C* = | and NTU — oc for Various Exchanger Flow Arrangements

=-NTU Formulas

Asymptotic Value of ¢

Flow Arrangement £-NTU Formulas M For- &% =7] When NTU — o
-|-- = :
0oooooooooooooooooooooooooooolo-oc)prﬂj‘Nmbo-(;*ﬂoooooooooo’ NTU
Counterfl = : = = =
n erflow =% exp-NTU[ — C7] £ =TI NTU e=1fopall
| N
o 1 —exp[-NTU{l + C*)] 52 1
Parallelflow = W = E [1 - exp(—NTU}]| =1 c*
Crossflow, both fluids unmixed g= 1 —exp{—NTL]) Same as general formula g=1forall C*

*4

Crossflow, one fluid mixed.
other unmixed

—exp[—(1 + C*)NTU] Z C* P, (NTU)

n=|

po 1 Lon+1l—j) .y
Pn ¥ = = Pt 3
v} {n+1}!?_—|4 Fam

For C,;y mixed, 'y, unmixed,
g =1 —exp{—[l —exp(—NTU - C*)]/C*}
For €, mixed, Cpy, unmixed,

o= L[[ —exp{—C*[1 —exp(—NTU)| 1

with C* =1

£ =1 —exp{—[1 — exp(—NTU)]}

=1 —exp{—[1 — exp(—NTU)}}

For Cp, mixati,

_e=1-exp(-1/C¥)

For Cp,, mixed,
£ =[1 - exp(-C*)]/C*

Ct
—— 1 1 1
Crossflow, both fluid d £= : o iy
11'1.’.}SS OW., Ias mixe 3 i . C* B i . 2.’;[1 — exp(— :]] — l'fN'rU I ] m {,‘*
E: I —exp(—NTU)} ' 1—exp(—NTU.C*) NTU
1 2 shell-and-tube exchanger: E= : 2 =TT 5 =; i 2 .
shell fluid mixed; TEMA E shell (1+C*) 4 (1 + O coth(I'/2) 2+ v/2coth(I/2) (14 C*)+ (1+ C*)'2

where I' = NTU(1 + C**)!/?
coth(T/2) = (1+e T )/{(1-eT)

where T' = v2NTU

D ~J
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et NTU B enbf (2 5831 8 e

100

Type E(NTU,C*) NTU(E,C*)
Counter LT eXp[‘_ (1 ¢ )NTU] _ — ! h{l - oC” j
Flow 1-c expl— (1—(7* )NTUJ 1-¢" 1-¢
1 - .
Parallel i e [1 B eXp[_ (1 G )NTU]] NTU = ‘ch* ln[l + 5(1 +C )]
g::inf})(():(]i e=1- exp|:1 - exp(;f NTU):| NTU = —Ci*ln 1+ (1~ g)]
g::;ﬂi:& £ = CL* [1 _ exp{— c [1 - exp(— NTU)]}] NTU = -h{l + Cl—*ln(l - o )}
2
1-2 shell- i N 23{1+C* 1+0*21/2}
anﬁ;&be e ) o exp{ NTU(I i 2j } NTU = (1 12 )1/2 In [ Juz
exchanger 1exp{NTU(1+C*2J1/2} e 2—3{1+C* +(1+C* 2] }
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§u;zlmary for e-NTU & UA-LMTD-F

101

UA-LMTD-F e-NTU
0= WAE(AT, ) O =¢(inc, ) o(T,,~ T,,)
AT, — AT :
iD= AT ( AT ) Qactual Ch (T}a i T;z 0) CC (T'co - ]-;1)
1 E = — = ' — = . .
mLATzJ Qmax Crnin (T;zz - ]—;l) Cmin (T;zz - T;l)
AT =T, T .
i ,0 . Cmin (mC )rnin %
AT, =T, -T, €= &= ) (0<c <1)
max p /7 max
T —-T. AT
P: c,0 c,i c
T;l,i _T'c,i ATvma.x NTU = UA
Cmin
R — Cc — T;l,l' _T;l,o
Ch T;,o _T'c,i
— * ‘n P ne ’ -\
F=f(P >R i=tinea]5%) £ZIVIU > C*- it 3] 5)
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R 1.5 .
‘”ﬂ“z C‘;%”% Rating by e-NTU Method e

[ e A B AP 4 S REESLRmMEr Ee2)  £8%
Bk TR A RN TR A X P E NTU & C*
= NTU_UA/Cmm ’ C Cmin/Cmax

2.d 2 aZren NTU ~ C*&2 inds A58 5 B R340 M e &NTU 0Bl % & > 42
‘\‘j\—,—; »|4 i}i E° E>g_g(NTU C*"/ll 'gﬁlnﬁ"ﬂlj’\‘)

Note : 0<¢g<]

34 10=¢Q,, =€C,(T,,~T,) * *FEHEIHE O

5 52 § AT - B A R
Q — Ch (]-;’l,i _T;l,o) — Cc (T;,o _T:?,i) o |
TR AR AT

T,,=T,,—Q/C,

]-;,0 :T::,i_l_Q./Cc
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12— BERRIACERT, &4 RACERT,, -
2.4 R=C/C,E NN R & Ed P=(T, -TJ)T,,~-T.)> 7 ENPIE-
d #fplfos plaied T B R E AT,

3 P-REL pieip Bl & &> 427 FIlr %]+ F o

4.4 O = (UA)F(AT )| ’ FAHEE Q )
S.QevH#ENTER AT =T, -0/C, & T, =T,+0/C,

RigpPvipt- Ir FRAFERABR - R?

6.F B BREAF > RFEABERBER AR T ER £ LAFH R
2-G) EXINCIEREARFTE G -

» Rating for UA-LMTD-F Method need to iterate a outlet
temperature.
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. Narional Chiae T"n__q Unhr.crsiry — TB; Rating "E:'L __7E_l1: _’? ]}]J

2

IR - FEEAEF R EP GR22AG O HEFERS 5°C ki
Ak krrBEREZ 12°C kg 5 0.1 kg/s w8 5 4180
JkgK » 3 B2 843 G8HU: 2000 W/m2K - # 2 3 B £

Aok de A Sy
R-22 A4~ T — = R-22 F AT
5= d=0.02
FA m L =3m
il —
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]

P %.xR—ZZ/ flﬁ ’ o %

ﬁﬁ?/ﬁ.}im 5 °C» B ip
= 12 °C > ’L/,.L'El‘%

= 0.1 kg/s > L ’%IL 4180
B3m-: giis ’$W£¢mr£&é@?
Aokdre SokET
R-22 A r T — % — e R-22 40T
iﬁﬁ:d=0.02m I =3m
| T
r112°C
\\ T, ‘?OC
I‘-‘ o
‘ 5C

> L
(d)


http://www.nctu.edu.tw/

J. :.ﬁ_i'-"f' . 106

Natioral Chias Turey Universig A Rating Example
(1) Solution By UA-LMTD-F (2) Solution by &-NTU

Counter flow » F* =1 UA 2000x0.189
A=mx0.02x3=0.189 m? NTU=C =118 =0.9043
AT, =12 -5=17 °C min
AT, =x — 5 (assume outlet water is x °C) C" = C o -0
Cmax
T < AT =AT, _ 7—(x7—5)
fn(Ale 5”(] _é
AT, k. O =C AT =418x(12-5)=2926W
12—
2000 0.189x Y 01x4180x(12—x) Q=80 =0.5952x2926=1741.6 W
7
K”(x_sj T, ,.,=12-17416/418="7.83°C
7
‘n - =0.9043 = x =7.83°C T

7 4 2. * UA-LMID-F
& &NTU i > 348 %%
&P e
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Sizing by UA-LMTD-F Sizing by e-NTU Method

l.d £ BEO5 2 &+ &y &
BN BET, o4 RIS ER
I.,2 e=0/0,, * Frs 50

C* - Cmm/ Cmax

ld %R BROL C v &7 8

drdre B R v PEIR E o

b ELeE B E ) b T 1w ¥ 2435 ¢ avih eNTU b (s > 7
3.0 e R B D EcTEeE £

g - et gken NTU @&(F o
LMID ; AT, - ST (7 &

2T INE
d A=Q/UFAT, ) & M1 %2 &

3d A=NTU-C, /U> & &5+ 2 & ¢h
S e B A o

BRI ERFH
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. Nartional Clhino Tung University = l@; S 1 Z 1 ng":;,l—

IR BEE AT E PP GR22AE S HEFEARE 5°C Rip:
Aok kB S 0lkglso kr v BRANE 12°982 7°C vt
# 5 4180 JkgK > 73 Bz 848 kUL 2000 Wm2K - #
FHEEFRISHEDERE £ L mE - 52 ?

Aok wokier
R22 A~ T — = R-22 AT
572 d =0.02
P = L =7m
tll] —
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O =ritc, AT = 0.1x4180x (12— 7)=2090W

UA-LMTD - F = rirc, AT

AT, =12-5=7C
AT, =7-5=2°C

AT —-AT, 1=2
In AL én(7j
AT, 2

counterflow °» F =1

~UA-LMTD = Q

LMTD = =3.99°C

A=Q/LMTD /U
=2090/3.99/2000=0.2618m"

A=1x0.02xL = L=4.167Tm

109

A Sizing Example
(1) Solution By UA-LMTD-F

(2) Solution by &-NTU
O =ritc, AT = 0.1x4180x (12~7) =2090 W

C.. =0.1x4180=418 W/K

Qmax—C AT . =418x(12-5)=2926 W

g 2 2000 o3 » Also

0,. 2926

- NTU =-In(1- &) =—In(1-0.7143) =1.253

C U 2000

nin

=0.2618

A=n1x002xL = L=4167m

zJ-’/\ .
S = 10

% ¥ & Ratings" Sizing # *
UA-LMTDF & &NTU ;= » &
B 5. & = *x BAR R o
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Narional Chiao Tung University UA _LMTD_F‘/;:\ J;?_'? E_NTU}Q—: m I: L $;)L

—
~

2.6 RNARBALE > cRF A AFIBBAH BT HERE F B
# g

Bl ot eh F Bl 2indA 3\ mBiTeem > © 7 84

/ ~
L 3%

~

b
- v
4»
o
—
(o]

BERFEIEC,,, 1 A R

3.8 * &NTU % p# > fg’i’r—-ﬁ,
53 o

4. &NTU Bl % = F Bl % %
5. fratingfF o> @ % UA-LMTD-Fi2 3§ & &k > &NTU R % & o

6. rsizingfF » UA-LMTD-Fi® # > d > 8B F BN v B RIEBL C o
“UBHEES T RS L ehE ) T4 = QUFAT,) -
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00
F= w0

& Sizing case: (B EEEEE 1.5 mm)

e [5]Rating case  (HEWSMAI_LIEMMA F7K - AR
A Rs12 °CES°C » BN 77 Al A1 kals & 2
kgls » ZUKHIRE F7°C - {EExU 11552000
Wim2-K » HIIZVEE K Byl ?

o WSMEHI/KEFy 0.2 kg/s & 0.4 kg/s » RI|&=E Fyfo] 7
Bz fEEU 7))

o E{EEE T 7 (ee-NTU chart)
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END of
the First Talk,
Questions?
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