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(Air to Air Heat exchanger)
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C.H.McClellan (1988)

J.L.Peterson (1992)

fit curve “Best fit model”

C.M.Scofield (1986)
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UA=cRe*b(T|m)a

a,b C
(2535)
22
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Safety factor

10 % Safety factor 50 %
Y.lee  ABedrossian (1976)
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(Saturated air)

dq,= hedA(t, - t] 21)
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dm - hjdA =hdPadA( , -W J
dm ! (ka/s)

hd (1)

p3 (Pa)

- 3B (Pa)

Rs Gas constant (kJ/kmole 1°K)

t (C)

2214

dgl=d ms hig =hddApa( , -w a)hlg

daL ()
hfg
(kJkg °C)
pa (kg/m3
0
2215,
dA

dg3 =hcdA(tl-tJ =Gcpmdt0
dm3 =hJpadA(W1-WJ=GdWx
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AIG (26) ,(2.7)
N = = AR 2.8)
G h *-f hda 171
A (29)
— fe Lewis number (LR)
hdPaCpm
fl -f, -( " y* 2.10
f, -fl = 0

2.2.1.6. Adiabatic saturation and thermodynamic wet bulb temperature

28 A->®0t2 " o1 2 1

( “Adiabatic saturator” 2.2
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E ke (%)
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(Cooling pad) 25

Outdoor air

Exhaugtgic retucr’; air
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1%

Eie (%)
T (C)
1 (C)
Twh (°’C)
(Humidity ratio constant) 2.6

Dry bulb temperature, °C

2.6

22.19.
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Outdoor air
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V2277
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2.7
Dry bulb temperature, °C
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(Spray type)
(Non-spray type)
Air washer
2.2.2 ]
2221
(Working fluid)
3 (Evaporator section)

(Adiabatic section) (Condenser section)
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(Coil loop thermosyphon)

(Entrainment)
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2222 3 L

2

1 (Effectiveness)

(Rating)
(Sizing)

Actual heat transfer rate

EJfectiveness =
Maximum possible heat transfer rate
Q
Ehx = é: (2.13)
(Qnm)
Q =mcpAT
mcp

{mcp) 1D

smx =0 ), (Th,-Ta) (214)



THfctJfii

jintHmcmK TCnaioa
Q")
Qac = mhCP(rhL- Th0) = mcCpe(Td - Td) (2.15)
(2.14, 2.15) (2.13)
— A\
E Q[E d (2.16)

*=¢9

by :gA%TqM 2.17)

(2.18)
7 ()
TH) (0
Td (0
O (0

c1 =(phvr)xcp (/ °C
Cc m0Q = (POVGA) x Qe ( / °C)
I kgs)
: kgs)
alo (Jkg °C)
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E hxh
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Efo

out AVV - AVV  AMr

s — v AMr AAAr ™

211

(kg °C)
IR L
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> X >
[ E=h
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ZA L
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1
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(R4

(Rg)
Q)
(R?
(R4=0)
2=12, =tM(Ar,) =" (A7) (2.1%)
= mecpAAT)c = mheph(AT)h (2.190)

Q ()
Qr P()

(1 2%)
A (2
AT 1 (0)
ATin= (7*-7*.0) - (T.10- r d) 2.20)

In .
2, — (2.21)

(2.22)



layer )

hohh@ R, R

hf
(flat plate) Lf
(Key&London,1964)

hf Lf
(Local Nusselt number for turbulent flow) [9]

Nu =5/Re1Pr=0.036Re 1*'5Pr13 = %ka

24

(2.23)
(2.24)
(2.25)
(2.26)
(2.27)

(2.28)

(Turbulent  boundary

(2.29)



2.29

- 0.036Re 45 PriBk 230)
h
Nu Nusselt number
St Stanton number
Re, A 1 Renold number =211t (231)
_c i
Pr Prandalt number = ™ (232)
k (Wkg °C)
: (== %
tanhfmL,)
<234)
mLj =L /jj-f- (2.35)
7 (hb)
Nusselt Renold
Prandatl Grimision
N1>10
MELICCRrumpr1 (230)
Remax (2.37)



2%

Fna 1 e ( ) (239)
VO (/)

£1m 21

£2 Correction factor N1 <10 (0.89 for NL=4) 2.2

2.1 Constant of equation 2.35 for air flow over a tube blank of 10 or more rows

SID
1.25 15 2.0 3.0
STIb c, C, C C,
Aligned
1.25 0.348 0592  0.275 0.608 0.100 0.704 0.0633 0.752
1.50 0.367  0.586  0.250 0.620 0.101 0.702 0.0678 0.744
2.00 0.418 0570  0.299 0.602 0.229 0.632 0.198 0.648
3.00 0290  0.601 ~ 0.357 0.584 0.374 0.581 0.286 0.608
Staggered
0.600 - . - - - - 0.213 0.636
0.900 - - - - 0.446 0.571 0.401 0.581
1.000 . - 0.497 0.558
1.125 - - - - 0.478 0.565 0518 0.560
1.250 0.518  0.556  0.505 0.554 0.519 0.556 0.522 0.562
1.500 0.451 0.568 0.460 0.562 0.452 0.568 0.488 0.568
2.000 0.404 0572 0416 0.568 0.482 0.556 0.449 0.570
3.000 0.310 0592  0.356 0.580 0.440 0.562 0.428 0.574

8
2.2 Correction factor C20f equation 2.35 for NI<10

NI 1 2 3 4 5 6 I 8 9
Aligned 0.64 08 087 09 0.92 0.%4 0.9 0.98 0.99
Staggered 0,68 0.75 083 0.89 0.92 0.9 0.97 0.98 0.99

)



Y,
(Bare tube) hh

R
h= (a'+Ab) %)
R
PR 240
A (2
=N, (2N ,(STSL- " ) (241)
Ab (2
=N, (¢ 0Lt- NFtfE 0) (242)
()
L ()
N3
N1

nN2' N6

(224)(227)
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) R3R6
2 (
)
' fin "
Pool holling ~ Rohsenow
gh= " = hih(Twh -T 51)
¢ (0, [ 4,)°F | -
" ﬁ:gan(’g’f‘/}",;)C's rleﬁlm.n = ‘g c~0 r y‘\1 (2.44)
Twh  THIL high Teat),
hth
(/2%
Cp! (Jkg °C)
Csl
2.3
h ' ! ' (Jkg)
g (08 12
gc
Qh ()

Ah (2



(kg/m-s)

(Nim)
()

= (Thi £Th) ~{QhxR1) - (QhXRS)

1
k,
Pi-py
e
TWL
Pi)
CpjRi
ki
2.3 Cd
Surface-Fluid Combination
Water-copper
Score
Polished
Water-stainless steel
Chemically etched
Mechanically polished
Ground and polished
Water-brass
Water-nickel
Water-platinum
Pentane-copper
Polished
Lapped
Benzene-chromium

Ethyl alcohol-chromium

C*

0.0068
0.0130

0.0130
0.0130
0.0060
0.0060
0.0060
0.0130

0.0154
0.0049
0.1010
0.0027

1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00

170
1.70
170
170

(2.45)

(2.46)

29

9



lneh

247

Nusselt (1916) (Vertical surface)
o= 09 Ptett (A - A)K.Cr 0B3CP rste- Tuc)[" 04
| 4(4,.c-4,c)
hy v12 ! 2 =
N, 7[? (F%H =095Rer 249
O,
Re o = PN (2.49)
hic (1 2°Q)
Qc ()
Aic (2
Le ()
v Kinematics viscosity (m25s)
| |
(UA)
b
UA = T (250)

Taem

Ry =i?2j+ 4 +Rs+/(6+Ry (2.51)

30



(ATJ
CMUT)

250)

252)
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