(Split type)

2
(Fan coil unit)
(Expansion valve)
5-10 %
(Condensing unit)
(Condenser coil), (Compressor)
75-85 %
10-15 %
3.1
rQc
3 le 2
Condenser
Y w i
() Expansion valve
. "
Compressor

Evaporator

Qe

3.1



3.1
1
( entropie Process) 2
(Qc)
3
(Throttling
Process) (Adiabatic) 4
(Qe) (Evaporator)
1
L
2.
3.
4
(P) - () Mollier diagram
Pressure, P
N

—  Enthalpy, h

U 3.2 uunaw P-h 1833pansmsinAdNEiuuLLEn e

1-2:

(Isentropic Process)



c=mr(h2-h,)
¢ =
1, 2=
mr =

2 -3
(Isobaric Process)

Qc= r( 2-h3)

Qc =
2, 3=

(Constant Enthalpy)

h3 = h4

4-1

(Isobaric Process)

Qe= r(hl-h4)
Qe =

3.2

(Coefficient of Performance, COP)

corp

12

[3.2]
(kw)
(kdlkg)

(3.3]
(kdlkg)

[3.4]
(kw)

[3.5]



3.3 (Energy Efficiency Ratio, EER)

BTU/hr !

Watt

EER=— ~-X3412 [3.6]
" “Input

input = ( )

3.4

Qe ~ "(A) [3.7]
Qc = ()
0 = (1 2.0C)
A0 = (2
ATm = (°C)
( -L)
In[(tc - tew)/(tc - t8&0)]
g = (°C)
tao = (°C)
te = (°C)
(A)
(ATm )
Qc a ATm [3.8]
(tc)
(AT1) (Qc)
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P-h
1-2-34 1-2-3-¢
Pressure, P
A
Enthalpy, h
3.3 P-h
(Condensing temperature)
P—h' 33
(h2- 3) ( 2)
(h2- hr)

(COP)
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—10°C
evaporator

cop= ¥
hZ - hi
COP > COP
Qc = QF+WC
9
34
1.6
1.5
5 1.4
§Culs
;
1.2
LI
1.0 -
20 30
34

40 50

Condensing temperature, °C

R-22 [17]

60

[39]

[3.40]
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(thermal
resistances) 3

1) external
surface  air-film thermal resistance
2)
3)
[3.7]
Qc - U<AArm
(0) (A0)
(ATm
35.1
[3.7]
3
(Apl)
A,
(A)
Al = KD,
Am= 7.Dm
A) = Ap0+Ap
Ap0 = 7L10(1-(2y).F,)
A = 2F (ac- N -)

E:
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Fin: A,

35

— ~
Qfe=r—t O J&

3.6

(bar fin)
35



Area = aC = .r'
r= 2=
T
(Fin efficiency 18)
Fin efficiency (()) =

Karl A Gardner [14]

Fin efficiency . ¢

1.0

18

3.7
\T\ ! pd ? LL *;- Y
N\ v ) ——
N 7§ 2 — .
W]
\ \\&‘
\\‘\\\\\ ryfry =10
AN -
\Q\:‘\\Q = ;gg
\Q\ =40
1.0 goN UsgVEnalg 5.0
L \Jh, [y
Karl A Gardner
()
1 (/ 20C)
» 200 [ .°C
()
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35.2 (Overall Heat
Transfer Coefficient for a Dry Finned - Tube Heat Exchanger)

1)
2)
3)
4) heop = hcaF = hec
3.8
K.0.M
th t0
> o« Mhr-<yAr-b- -0
hA,, kKA, —%—
L hC.0pA p0
/ -
7, i
Air flow , t Hot fluid , t,
3.8
1)
Qc = hiApA - tp) [3.12]2
2)

kpAp™tp] - ) [3.13]
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Qc = Hc,,»ApAo - 0 +  <K<tM -«
Qc = h,<A,+<K>w-, - ) [3-14]

Qc = O0AO(f - ¢ [3.15]

312] 1313 1314]  [315]

A P —t+ —
Ap,jhi Apmkp hc, <Ap,o/Af + M) hc.

AL ( 05 9%

Ao 1 <> 11
Ap,  "co(ApC/Af fico



« *minH nt]

IR*1 '] 8@ r*
3521
Nusselt [17]
3A
; gp?hfok
h =0.725 IANDO [3.18]
hi = (Wim2 °C)
g = =081 /2
P = (kg/m3)
hy = (Vkg)
P = (N.s/m2)
At = ("C)
\\ =
0 - ()
3522
Webb RL [19]
(wavy plate fin)
1) Gz < 25
Z _\011z _\\009¢Ze \ 012/ A VOH
Nua =(0.50)(Gz)"® F - 0B 1HE
Vooy Vooy Vay Vay
{ y.y y0.092 V\owrZ,, Y03
e 0 =(0.50)(G2) M® 25 3.19]
VH ve0y v°0y Va; Vi3y
) Gz>25

AR A 08
NG :(0.83)(62)0'76 fs 02y 2.

Vooy VD0 V3y V3y



heO = (0.83)(G2)T6 @
[°H 3

Gz= RePrg-h
Re= aUmD

dh =1 e 25(1" p)

:—-2y

\65+s0)

secU =

Un= a(i-P)

(+2)

§oH
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(Cooling tower)
39 [10]
A
Air Out .
Cooling
o~ x < Water [n =
= am wanm Refrigerant
< In
Refrigerant
: Out
Air In D-g
Water Basin eSS Cooling

3.9

Water Out



3.10 [11]
-]
(O
= .
= S L
- w
& 3| CONDENSINGTEMR t— 0 Y
1.4 ::[ 1< w)
'q o Qa -
;o8 WATER TEMP - o gl
1|

e

- — —

—— ——— — — —— — — — — — —

ma( 2A 1)-Qc+ mehw [3.21]
Qe = , ()

24
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m,hQ
C.V.

mehw
V
V
Wiater 1o

v
Refrigerant, tc

—
~
N
o, > =
< X =
—_ = W
> D =
kkk
N N
SN—
—_——
g
[=h) AP.M
o~
& f]
— O
o
11
©
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(ha2)

(2

Psychrometric chart

t) 3L
0.034 : . .
0.033
Water
0.03%+ Temp
° 08
7‘60.031 Outlet Air
o Temp
£0.030- \ S .09_{
] Inlet Air 1
£ Temp
50029 il _/j
0.028+ A\ <y >‘_/__4__%/
@ e Tl e TY T
0.027F T B _,--—f/"‘“~--___ “-:,__M—"
,:t”::'"—f_:—f g ORS00, AT N il ——
0000 —=— T — A
26 28 30 32 36 38 40 42 44
Dry Bulb Temperature [°C]
3.12 Psychrometric chart
: Condenser Capacit
Effectiveness = pactty

Maximum Capacity
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A a( Mair.out A airin )

21

: \ [3.23]
air.out T " haiHn
V c.Sat .]
Effectiveness
h air,m ' (‘]/kg)
h air,out (‘]/kg)
h air,out | rp (‘]/kg)
*c,Sat
003‘ T L T T T m
Inlet Air Actus! Saturated
0.033 o s e l
"1 € =Ahactuar/ Ahmax i &

0.032
o L
% 0.031
[+4
%o.oaoj A Bisax
S0.0ZQ— /
I =

0.028} /' ARactual

0.027} = S

0. 000 e

26 28 30

Dry Bulb Temperature [°C]

3.13




37.1

3.1.2

NPV

(Simple Payback Period)

7/\

NPV

NPV =

TIC =
NCFn =

(Net Present Value ; NPV)

NPV

y Rn-Cn =y NChn
a(l+i)n =a(l+i)n

PN gy

n=i(1+ i)

28

[3.24]

[3.25]



3.1.3

(Interpolation)

I = IRR

IRR =

Rn
Cn

IRR

NPV

IRR

(Internal Rate of Return ; IRR)

(Trial and Error)

(Net Present Value)

IRR
IRR

(Trial and Error)

NCF
X -TIC=0
n=i(1 + ijn

NPV =0

(Interpolation)

29

[3.26]
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