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This exploded
view of a plate heat ex-
changer shows the intricacies of
the device and how maintaining it
can be costly and time consuming if
you wait for the reactive approach.
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After obtaining C,, and C_ and solving for Q
Q (_]A( il _T )_(Thz _ r:*])
111 jji'.rl T
?}:2 _T
AT, — AT,
In(AT, /AT,)

or

O =UA

where AT, is the temperature difference between
the two fluids at one end of the HEX and AT, is the
one at the other end of the HEX.
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T AT,=T,,,-T
Counter Flow

Same basic equations

— Difference in AT, and
AT, definitions

: AT, — AT,
O =UAATy, =Ud——
AT =Tiu-T T. i, Cold 111‘ ﬂlrz
L flurid | ﬂI—l
Hict ‘:‘ ) ’
fuid | -— .
]:,], E— |r';- AT, — {Th:ﬂur' o T.: in }_ [ﬂu__m _Tﬂ'._-ﬂllf}
R 7 ;
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Example 1

+ An counterflow heat exchanger with U =
200 W/m4-eC is to be used to cool 1 kg/s
of oll (¢, =2000 J/kg-°C) from 100°C to
30°C using 3 kg/s of water (c, = 4184
JIkg-°C) at 20°C. What area is required?

+ Given: T,,, = 100°C, T, .. = 30°C, T_,,
= 20°C, U'= 200 W/m?-°C, ¢, . = 4184
J/kg~C, c,, = 2000 J/kg-<C, m, =1 kg/s,

and . = 3 kg/s. Find: A
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Solution

« Equations:
Q_;qz LH&.I}H! — [’H {I}!._-ﬂﬂf _II'-.-I'E:}-',I-';I }_ {Iﬂjlm _.\.TE,SI.III}
Iﬁ.r__ﬂz.!f -1, C.in

111‘
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= J-':':f‘!:uz"':";t:.-f {_Tc'__ﬂm" o Tf_'.'_.:l:ﬂ :}= mhﬂph {Th:fﬁ _Th,aur J

O =ity Ty s = T e )= 1kg ED'}S ? [100° € —30°C)=140000 L
L ;:E- O g
O 14{1{1{1{1i
Iegyp=——+1.4 = = _=312°%
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Solution I

AT, = {I'hf’}“f '”-"!}I l:TfJ in _ £, r.-z.:z}z

1‘ T —T

i
h.our c.in

"-.T."!m IEE'HE
30°C - 20 °c)-{100°c-31. ’“’Cb

- =30.5°C
30°C -20°C ‘
In
L 100°C-31.2°C
.
. 140000 f;
4= *Q zﬁﬂﬂﬁf > 1‘51=22.9m2
UATp 227 (30.5°C)
m=°C 2
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log mean temperature difference or (LMTD) g&h 3 sl 3 gt | Qv 33 (398 awgebe A oot Yl
e s e gyl pmll JaL S e g Sl il 3501 LY o5l Sl 2 30 o
oL ade o AT, 3yl yndl by ) Lawgtin s sl 0 )yl 2l p3 2 30 o8] L
AL ALl s o e O Ll oo 5yl yond| JLESH Joas
0 =UxAxAT, (2-43 )

Sl 3]yl JLE Jeles 58 U oo

3l ol Joledl o i Loa s A

Cradlll G sl )yt s ) )0 Loswgin AT,

(EY =Y ) I il 2 gyl Jaldl 1L 1)

: . 2 To remove this message, purchase the
SOLID CONVERTER PDF ) e nesas e o



IS Gl (e d0; ALl Ul e 8ol JLEG Jame L2

dQ, =mxC, x(T, T, ) (2-14)

A A0, 3yl U cyo 8yl JHEEI Jtne i ey Jilly

dQ. =mxC, x(T,-T,) (2-45 )
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T AT,=T,,,-T
Counter Flow

Same basic equations

— Difference in AT, and
AT, definitions

: AT, — AT,
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Overall Heat Transfer Coefficient
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q = UAATuverall
Overall heat transfer coefficient based on

If A=A, U=U.
=4 ' inside area of the tube.

1

Ui=7 In(r /t) A
—+ A, > L

h, 2akL  h_A_

Overall heat transfer coefficient based on

If A=A, U=U, j
outside area of the tube.

1
A, a6/ 1
hA, 27kl  h,

Note: Generally, the overall heat transfer coefficient is being
calculate based on the outside area.
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e Heat exchanger surfaces are subject to fouling
by fluid impurities, rust formation, or other
reactions between the fluid and the wall
material. The subsequent deposition of a film
or scale on the surface can greatly increase the
resistance to heat transfer between the fluids.

 An additional thermal resistance, can be
introduced: 7he Fouling factor, R,
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AT, = = = 92.0°C
f}? 1 2
I, -1
0-UxAxAT = 4=—2 000 gy
UxAT,  640x92.0
A oldl Job clas g gyl Joleld daledl o0t
4 3.11
A =xxDxL = L= = =108.4 m
xD  7x0.015
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(b) Two-stell passss and 4, 8, 12, ete. (any multiple of 4), tube passes
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0. =0, =mxC,x(T, ~I, ) =mxC,x(T, ~T, ) (2-19)
L bl e bz 0 Jabell (5 3 pall Jons Ao T canamsy

0,0 =(mxC, ) x(T, -T, ) (2-50)

(X C, ) 23l pox s 3T oy naong 4L 0 Jolaall [y 5 s BT )T nas
525 JSAl 2 3 g 5l il 3 B 38 el 2 (gl 51yl 2 Gl el S s i)
T, T, Jsall wie 3hl gl 550 iy ol e S Ladl gl 5l &30 s 330
bl £l Gl (s e Lyl pon A (57 & 001 L1 3L 3L o L il 51 e
LI bl e gl

Qar.tu.::rf _ (H’JX Cp f)c X(Tcg _T;l )

£ = (2-51)

[

Qmm‘ (???X Cp )cx-.(T}II _Tﬁl)
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Q max Thl TCI
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Table 10-2.

Summary of effectiveness equations.

Exchanger Type Effectiveness Figure
Equation
Parallel-flow: single- . 1 —exp[—NTU(1 + C)] Fig. 10-10
pass 1+ eq. (/0.27)
Counterflow: single- . = 1 —exp[—NTU(1 — C)] Fig. 10-11
pass 1 — Cexp[—NTU(1 — C)] eq. (/0.28)
Shell-and-tube _ 2112 -l
{one shell pass; € =2 [1 + C + 1 +explZNTU + C,.,}m} (1 + Cz)m] Fig. 10-12
2. 4, 6. etc., tube 1 —exp[~NTUQ + %)™ eq. (10.29)
passes)
Shell-and-tube o= | () ][ (ml) -] Fig. 10-13
) PASSES, 1 — & 1—& forn =2
2n, 4n, n, ctc., eq. (10.30
tube passes) a- -50)
Crossflow (both . 1 022 . o TH Fig. 10-14
streams unmixed) e=1 exp{ (C) (NTU)"*[exp[ - C(NTU)" "] — 1] eq. (JO.37)
Crossflow (both € ~ NTU ' NTU (NTUNC) o -1 No figure
streams mixed) 1 —exp(—NTU) 1 —exp|[ (NTU)(C)] eq. (/0.32)
Crossflow (stream 1 . Fig. 10-15
Cone unmixed) €= (E)“ —exp[—C[l — exp(—NTU)|J} (dashed curves)
eq. (/0.33)
Crossflow (stream 1 Fig. 10-15
Cone unmixed) € = 1— exp|-— (E)[] —exp[—-(NTUXC)HI )} (solid curves)
cqg. (10.34)
Parallel-flow: single- 1 —exp(—2NTU) No figure
pass € = 1 €= 2 eq. (10.35)
Counterflow: single- .= NTU No figure
pass € =1 NTL + 1 cqg. (10.36)
: . To remove this message, purchase the
UIENETEEE Y L S OLID CONVERTER PDF D bt e



o) Ll a1 i Casiiad ¢ (8T =Y ) ) yedl s aguil gy Joleer JLle

4> cale 13].85°C 3\}]_).@ A>3 u” 35°C 3\)'_)@ A 33 (e 2.5 k%c@..& Ul:'}"'” J...LA.QJ).Q:‘I ;LA\}L:.G

1.09kfk o G el gyl 937°C 7y e 200°C Johll wie ALl Sl 50
e _ _ _ _ Hhadl 3l

W
th.l.-lurc_;m ngl)._\J] J_HL:(.L‘ EALM d..&-ul-ll .:180 ; C:_gjd‘_w:vu_lil.” 3)'),_\J] Jl_;:u] J.,.l.l.du‘ilg
&= m - a= - h

520 Sl s el Ll iy o1l b3 358 s Lo iyl

SOLID CONVERTER PDF ) e nesas s e



d g
ol il

TaA
2l
Tf?}
T h
i) o
T ‘.

SOLID CONVERTER PDF ) e nesas s e



:d;Jl
il sy 3y Lagin ol ()

(T, -T.)=(T, =T, ) (200-85)-(93-35/ 58 5
AT =t o b ! )=(93235) _15-38_ 5T _er5c
]Iﬁr]—rcg , 200-85 p 115 0.6845
T 1 9335 58

M 0yl a3l el Gl 8l ol s Byl JLESH s ol
0=mxC,x(T, ~T, )=25x418x(85-35)= 5225 IV
O&\Ja

SOLID CONVERTER PDF ) e nesas s e



QzUxAxATm

S0 52251000
UxAT ~— 180x833

4 =34.85 m’

SOLID CONVERTER PDF ) e nsnesas uchas o



Uil ol gl e Bl s ()
3yl plell Ll 1551l g glat Lt Leadl LAl (o 552011yl 3] sl

0225
mhofgasses - =448 kg/
1.09x107 sec

B gy e &l g 0l el ol a5l el gl ] o

(1XC s = 448109 = 488

(1XC ) e = 25% 41821043

warer

SOLID CONVERTER PDF ) e nesas s e



(2-52) Dakad! po bl ol 1y

Qm:fuai’ _ Thl - ]}13 B 200-93 _ 107

g} = = = = :0648
I 200-35 165

i . ’
Q ]—}f] - C]
max

C =Y d ) ol el 1 B oyl pond el s il ey

(.‘P}T}( C .mm 4 88
=- ) = =0.467
10.45

max

C

(mxC,)

SOLID CONVERTER PDF ) e nesas s e



NTU dgaill los ol soe 8510 ysmey Joldl 1) clisrill e
NITU =13

Ux 4 _NIUX(mxC,),,  1.3x4.88x1000

T =4 U 180
(mx(%)

—3524 m*

min

iy ol iy e Ll 13 LGT o (i y Ll Lalias 3l g pand | Sl o leae &5l

SOLID CONVERTER PDF ) e nesas s e



100

L — |
8
:
ﬁ 40 Shell fluid | _
2 fluid_ | r“
’ / *LLT =
0 L

1 2 3 4 5
Nurnber of transfer units NTU = A VT

(&) Conmntar flawsr

SOLID CONVERTER PDF ) e nesas s e




Table 10-2.

Summary of effectiveness equations.

Exchanger Type Effectiveness Figure
Equation
Parallel-flow: single- . 1 —exp[—NTU(1 + C)] Fig. 10-10
pass 1+ eq. (/0.27)
Counterflow: single- . = 1 —exp[—NTU(1 — C)] Fig. 10-11
pass 1 — Cexp[—NTU(1 — C)] eq. (/0.28)
Shell-and-tube _ 2112 -l
{one shell pass; € =2 [1 + C + 1 +explZNTU + C,.,}m} (1 + Cz)m] Fig. 10-12
2. 4, 6. etc., tube 1 —exp[~NTUQ + %)™ eq. (10.29)
passes)
Shell-and-tube o= | () ][ (ml) -] Fig. 10-13
) PASSES, 1 — & 1—& forn =2
2n, 4n, n, ctc., eq. (10.30
tube passes) a- -50)
Crossflow (both . 1 022 . o TH Fig. 10-14
streams unmixed) e=1 exp{ (C) (NTU)"*[exp[ - C(NTU)" "] — 1] eq. (JO.37)
Crossflow (both € ~ NTU ' NTU (NTUNC) o -1 No figure
streams mixed) 1 —exp(—NTU) 1 —exp|[ (NTU)(C)] eq. (/0.32)
Crossflow (stream 1 . Fig. 10-15
Cone unmixed) €= (E)“ —exp[—C[l — exp(—NTU)|J} (dashed curves)
eq. (/0.33)
Crossflow (stream 1 Fig. 10-15
Cone unmixed) € = 1— exp|-— (E)[] —exp[—-(NTUXC)HI )} (solid curves)
cqg. (10.34)
Parallel-flow: single- 1 —exp(—2NTU) No figure
pass € = 1 €= 2 eq. (10.35)
Counterflow: single- .= NTU No figure
pass € =1 NTL + 1 cqg. (10.36)
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Consider two black surfaces of arbitrary shape maintained at uniform tem-
peratures T, and T,. as shown n Figure 12-18. Recognizing that radiation
leaves a black surface at a rate of E, = ¢T* per unit surface area and that the
view factor F, _ , represents the fraction of racdhation leaving surface 1 that
strikes surface 2, the nef rate of radiation heat transfer from surface 1 to sur-
face 2 can be expressed as

' Radiation leaving | | Radiation leaving
the entire surface 1 the entire surface 2

that strikes surface 2/ |\ that strikes surface 1,

=AVEyFy A EpF, (W) (12-18)

Q=

Applying the reciprocity relation A, F, _ , = A,F; _ | yields

0y, =A F _,o(T} =T (W) (12-19)
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Example 1

Two paralle black plates 0.5 by 1.0 m are spaced 0.5 m apart. One plate s maintained
a1 1000°C and the other at SO0°C. What s the net radiant heat exchange between the

wo plates?
Solution
The ratios for use with Fig. 8-12 are
Y 05 X 10
L]./D= e 22 e —=—=2{} =|_2/D
D 05 0 D 05

s0 that F,, = 0.285, The heat transfer is calculated from
q = AFWE, - Ey) = oA F(T* = T))
= (5.669 x 107%)(0.5)(0.285)(1273* - T73%)
= [8.33 kW (62,540 Btu/h]
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» High-performance photovoltaic modules made of
polycrystalling (1565 mm)® silican salar cells with
module eficiencies of 14.9%.

o 3 hushar technology for enhancing the power output

» Anti-reflex coating dodncraase liahtabsorption
» Production controlled posive power tolerance

modules will be delivered thal nave (he specified power or more jof

high energy vield
» Delivery of madules in S-wallintervais,

o mproved lemperature coefficient to reduce power lasses at higher
temperatures.

® High power performance even at ower irradiations.
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