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Abstract

This paper proposes a preliminary mathematical model
of a hot water heater by using waste heat from small split-type air
conditioner. The mathematical model includes submodels of all
basic components, namely, condenser, evaporator, capillary tube,
compressor, hot water storage tank and heating coil in the hot

water storage tank. The mathematical model is coded into a

* Corresponding author

computer program for evaluating the water temperature in the hot
water tank, time used for reaching that temperature and COP of
the system. This mathematical model will be developed to design
this system and used to study appropriate system configurations,
control systems, and design parameters of prime importance to

the system.

1. UNH
Aa A o & ' \ A
luthzmanfinfionmauuuiousu atagulsznalnoaias
USuameaam Al NUULLENEI ﬂmmﬂuﬂqﬂnim‘vlw%ﬁﬁmﬂu
nilutunne ds 159usuumanauazidin usmsdsinuwedas
. ¥ ' o < da . ¥ ¥ o4 e
MhseunltlwiAdunfonldiunniu naadesdiuennmauas
L Yy e - 4 L aea
wiasinhaulinizusWihlusiinugs SaesilwiAadym
Munasnudalseinelng A ItianuTaunann
fawARTasVRIATIUTUB MANYITeu  ArTnUsEREANaS
A & ' ' ' g a &
Nl lemanis  Sanslddaaiodldinelunmsteuasfinas
4, T . 4 . T - . &
waasriniFeusuultlni  e3esrinihfeulavanduainuieunis
A o 3 A a a &
nmsadlTuamewiaian  Sudnsnaaultlulsanea lag
oduszaunniuszanuinyuegiagluuinineiesdiu

= ' o LY oY o o
a1 ne SNWU’J']HWJJ’WQI’NWHVLWﬁ LLVﬂUGVLNLﬂUﬁﬂ’ﬁ%’ILLUU%’]REN



=2

- . . ¥ .
neadiamaniuntielumssanuuy wuusaesfdnunfands
o ' o ' ' A o [y
wanmimathomenuiau wondasluudazgunial Teasvilid
. . y ead
anuBangugilunavawuaz ol ieszdudsslomd
Tumseenuuuszuusely  sunsens gramualuuuuinassiildin
a & a & & o o @ a
widswiuldsunsunanfane’ ussnaseulududuliuaidunia

o a = o ' &
wala @1\‘]5’1Uﬂ:taﬂﬂﬂ‘ﬂ:%ﬂlﬁ%ﬂ(ﬂa‘lﬂ%

ad 4 1%
2. NYBHNNYIVDY
13 a v = ' a
LLUUﬁ]']Nadﬂqdﬂm@lﬂqﬁﬂﬂ@ﬂﬂﬂﬂﬂﬁE]EJ'NNHE]U@ Iunﬂ

gunsol ldun  eewewwed  Enluinaed  veunuDaa3
AamwImaal dvihien wazeendoufiagluduiieu Feszuud
=2 o ' v o A o &

fnmamanuasldagdi 1 SimssensguUninlvasizuy
AR DU UNIFINUIII [5] wae WHWAW P-h uanugin 2 Tugn

a & . co &
"Uﬂﬁﬁllﬂ'ﬁﬁ]ﬁlalﬂﬂaﬁlnEJLl]%ﬁ'.luﬂIuLL(ﬂﬁﬁaﬁUﬂimﬂﬂﬂa‘lﬂu

Hot Water Tank

)
’

Condenser
TT 5
aic? Waic

Compressor

£ _

\‘|\
Fe—————=N
o

-

Capillary Tube

.
JUL

Evaporator

-

W_

aie’ " " aie

a o ¥ e Ao =
Eﬂ‘ﬂ 1 TUUNWIIUNNINITANTN

El]“?] 2 WHWAW P-h L&AINIIVINUU8932UY

2.1 auaiilaan3 (Capillary Tube)
lfaun13289 ASHARE 1997 [2] fwimsmaanmsinazes
Ienudn  lasRansaniinszuiumsiiie luriewallaans

Wunszuiwnsazi@eun@n  (Adiabatic Process) Wansaansyn

anubuidigrauetTaay 16 2 anz fe  amaiuiu

a A a A ' o
Subcooled  Bnanzwiaiiluvasnan  lasdauniuandnani
amunfiaunel3lu (2] ddanmislwssasmsanadu (m kgls)

wildanaunisf (1)
m, = Ttgd, Hy Q)

' ' . . ) ' o &
1 77, fue Dimensionless &alaimwsnihnuaziduans

wuaanuaas S luddile lassuningléan [2)

2.2 aaalnsaLEas (Compressor)
&l & « & o
aanwsmaaifltluszuniiin aouwsswefuugutn lao
Izaumsiiaua bilu [10] wae [12] Sauniasit

P ., PD
m =[+cl—ci—%)""1— @
P v,

b b

2.3 AaWLABLBAT (Condenser)
mstamanuieulunemanaes 1435 NTU-€ e‘fiag‘ﬂﬁnm

IEnamouudrilienfianaiaios [7], [9] uaz [10] W1sanmMs

tomanuTeuluaauanisas 1w 3 & Aa Desuperheating

zone, Two-phase zone IL§& Subcooled zone

2.3.1 Desuperheating Zone
L S a . > o « d e
futiieannmsmsmanyawvasssianuduiidule

Soudstna nuanma azldaunsasi

Sdshz Crdsh(trci — trs) (3)
Cmin (trci - taci)
0.22
C..(t.—t.)
B oq exp{——[exp(:CN" )1} (4)
Grin(tr ~ i)
N= UgsnAdsh - UgonTasnAe (5)
len len
1
Ugsn= 6
dsh’ A (1_¢) 1 ( )

+7
Ash; h ((Ay1A)+@) h

o

@ ¢ 1luen Fin efficiency wianldaufiaua’lilu [@] é h,
11 Refrigerant-side heat transfer coefficient wian ldaad
wwua bl [10] wazen h, 1% @1 Air-side heat transfer coefficient
e lday [11]



Qash = Cr(trci'trs) (7)
tatci = ta(:i+sth/Ca (8)
2.3.2 Two-phase Zone
gaudkNnsanmstnamanuansEnIasrinanu il
YpIHFNALAIMANHUADULANLTDT

N
Ep = 1e 9)
8¢p= Ca(tatpo - tatpi) _ (tatpo - tatpi ) (10)
Cmin (trs - tatpi) (trs - tatpi )
U, A U f A
o o't
N1p= p_tp _ _tpilp c (11)
Cmin Ca

NnEuMsh (1) £, = A, 1A, 2l

C t. . —t_, .
4 (=2 (12)
U At —t

tr’c rs atpo

i Uy, 1 ldinflaunudn Uy, Ratuneliudluinde 2.3.1

tatpo = tatpi+ rhr hfg/Ca (13)
fsc = 1 '(f|p+fdsh)v ftp+fdsh S 1 (1 4)
fsc = 0 ftp+fdsh >1 (1 5)

N f,, Benidlu 0 dagunsh (15) nansiiedn arsvinanain

lunauauizas il z19289 Subcooled liquid
fp = Afusn (16)
Gp =  Caltapotap) (17)
2.3.3 Subcooled Zone

gaudknnsanmstnamanuausEnIsasrnanu il
Subcooled liquid AuaMafiENuAawLAKLTES

E C . (. —t )
sc “min\"rs atpo
tl’CO = trs' - (1 8)
Crsc
NSC = USCASC = USC SCAC (19)
C C .

N Uy, W LoaRawnudn Ug, Netune 1 luiada 2.3.1
Jsc = Crsc(trs'trco) (20)

taco = tatpo+qsc/Ca (21 )

AN ITNEINANNTo U UABIAWLT BTN IRIA biaTn

dnns
THNANUTOUTEING 3 FIUTINAL AIFUNITN (22)
dc = sth+QKp+QSc (22)

2.4 3 liisima$ (Evaporator)
mithamanufonfiiniuluinluimned  swnlasldis
Wenuiulunauawaas fe 3% NTU-€ Tednwmemstiom
anusouiiaduludnluinaesmuisaudaleesit (10]
1). Superheating zone
2). Two-phase zone
2.1) Entirely dry two-phase surface
2.2) Partially wet two-phase surface
2.3) Total wet two-phase surface
ludmuos  Superheating zone Idmummwnilannulu
AOWLALTES 179189 Desuperheating zone sunsAilEln 52113
wed  veefunsuneusnEmemImsmenufaniicnsiuld 2
MRIEE) Entirely dry two-phase surface Waz Two-phase surface

with dehumidification

2.4.1 Entirely Dry Two-phase Surface

aumanilgldun
A= ’hr (hrsv - hrtpi ) (23)
tatpoztaei'QIp/Ca (24)
C tatpi - trs
f, =—"= In[——— (25)
UeA e tatpo - trs

@ U, w1 ldtndlonnuen Uy, , Uy uaz Uy, luaauiauwiaas

U_A Uft A
N‘p= e’’tp __etp’e (26)
Cmin Ca
N
Ep = 1ey (27)



81p= Ca(taei - tatpo) - (taei - tatpo) (28)

Cmin (taei - trs ) (taei - trs )
-N
tatpo = ta\ei'(taew'trs)( 1-e tp) (29)
taeo = tatpo'qsh/Ca (30)

gsh = C(DSH) (31)
wnfnldisieesliifia Dehumidification fnanuTan
Tumstemsismua, g W ldmuanAIT989
Ge =  Gp*Qsn (32)
2.4.2 Two-phase Surface With Dehumidification

s a & { o
Dehuminification a2iial% iia tapo NINNINAT tog Taswan
FUMIN (33)

td — ¢(1 - UeAe /hiAti )trs
tyg = (33)
1—P(1—U,A, IhA,)

!

A | A S o A v a
lasfid t; 1lugaunpfvasaarhdsasemefiiimd1dnly
& Al L]
Staes sunIniglaun

C(t., —t.) 022
LB 1. exp [exp(-CNg, )11} (34)
Cmin(tatpo _trs)
N_C_
fsh - sh™~min (35)
UeAe
ftp = 1'sh (36)

Mludnluiseasing Dry L8z Wet two-phase sections

a |n[ taei — trs ]

UA t., —t

e’'e ad rs

fap @7

dludnliisimesiilu Entirely wet surface Wi fy,Hd1Ldn 0
Ca(taei'tad) (38)

qdlp =

FAsIUVDINUN Wet two-phase surface (fuyp) uaruaunan
(39)

fwtp = 1'fsh'fdtp (39)

tifin  Dehumification ludnluinees Idaumsn  (@1),
(42),(44) uaz (45) TUNIIMN typo WEIMNAN hop, unudasluaums
P o ' a a a PR '
1 (46) tNam g, WasandneaziBuavesaumsildanunlal
susahandoulilanue uazidoensnuaiiiiaualilu (10]

Qw = UwAe(ha'hasr) (40)
dqw = Uw(ha'hasr)dAe = - I‘ha dha (41 )
dw h. —h R
—— =[Le(——2M y, (hg-2501Le)] " (42)
dh, w—wg,.
Aw w_ —w dw
e e _ (_)1 (43)
Aha had hatpo dha
aw
Weo = Wei'(had'halpo) (_), (44)
dh,
tapo = (Natpom2501We,)/(1+1.805w,,) (45)

a ' v . a |4
aansnamanuToulutiy Two-phase vaidnldisiaas
wldan

G = ’hae (haei - hatpo ) (46)

sammsinmanusaulutie  Superheating  28981tlis
wwasmldan

Asn = C(DSH) (47)

AATINTENUNANNTOUTINNIRUAY aaﬁaﬂﬂmmas‘mvlﬁmﬂ

Ge = Gp*Qsn (48)
2.5 Liquid and Discharge Line

mItnemnanuTanly Liquid line uaz Discharge line tHuns
tnamanuausznIsasvanuiunluwwadsnuaimea ms
tamanuaul 2 @uffnsanfa MINIANUTEULAZNTUE
o aa do o
W& YgumsniuanaImw ash

am

9, =U,(t, —t,,)dA=—m C, dt, (49)

dqll = quOHV+qu'ad (50)



2.6 anaananlnszuy
anuananluszuuuaniu 2 sau Seg g fa
o a & & 4 o
1).anuauaniwdnliineesuazaowawsas  Sellauns
wllaunn nakAasaniu Two-phase Uaz Single-phase

2).mm@°fumﬂlu Connecting pipe

2.6.1 anuananindnllisieasuazaaniawisas
a = & 6 o
anuauaniuanldisiaes uazAawawTe fazgnian
A A Y A o A @ a o
Asanluszuy walwldszuunlndlfsanuszuuass anuauan

luﬁaaaaqﬂﬂsﬁﬁL%ﬁauﬁu Fawoniilu 6 drasaumsn (51)
M =(Apm, +APM) +APW HAy TP )P (BY)

2.6.2 ANAKAN T Connecting Pipe
o i L o Awe .
ANNAUAN 1 Connecting pipe a9l Discharge, Suction,
P . = €0 9 v ¥ e 4 Ao &
Liquid line 33404 aaganaNnuianlunaniniew Selianwaiiln

Connecting pipe 1 aumsvas Darcy-Weisbach

2.7 Refrigerant Properties
asvhanuuluszuniuiu R-22 quawddmanailulaw
Indldaunsana [1] Amuzdminllunsuaeufiome’ uszqm

susAnsmanwlsaunisana [2] waz [12]

o & o
2.8 DIUITON

mythomanudauludaidar  anduvieNdsznvinanudn
2849 Discharge line fawdn Condenser 1 luldanusauuriin
Souluas lasrevessnsrinanuduiame % #1 017 3 Wa J7o

o A ' o P! ' @ a &
sanauficey 1 @1 sumsnldlunmsdsmensiaufansands

5 “ % o Ada N .

MINIANNTBURALTUHTIR TeadnunuARaTan b Liquid line
samanihfaufianug 100 Seviuauwinadned Lifemsgmide

anuTaunninsan

3. msmwaasldsunsalumsritwienisrinawaeeszuy

s gluiatesl 2 ﬁy'mmvlﬁgnﬁwmﬁnmﬂu
Tdsunsunauiaaslasldniwn FORTRAN 90 lasszuuvinew
mugﬂ‘ﬁ 1 AIaMULKBAN P-h Iugﬂﬁ 2 lag Flowchart 284
Iilmnimﬂu"[ﬂmugﬂﬁ 3 ldsunsuisuanladdnememane
7MW TIWH9 Fin & Tube geometry Yadnamlawzasiazdnnliis
wed anpaEmImonwuseneUlasid anwsnvie dudn
guinawredra  AnwMTIIMBMWIaIRaNINIRITET A2
NITUANGL AWLTITOL UAZALADA ANUEU AUTIaN Sam
m3lwarasemafinadt  sesisneuawsaiuazinllisieed
‘swﬁaqnmqﬁL‘%uﬁwﬂaaﬁﬂuﬁaﬁﬁau NN FUNAAN P,
Ps ,DPH=0 uaz DPL=0 wedasnn3nazasanivinanuiiulas
1 Capillary tube model WBuAL Compressor model i]’mf:’uwm’]

an1zfiye 5 duwimannaz 6 lauld Discharge line model wa

Mf 7 vassnsvhanudulasld Discharge line in hot water

tank model

Input

Geometer

o we
Pnzidenuayle

Evaporator Condenser
Parameter Parameter
Fin & Tube Fin & Tube

a YA X o
qm%nﬂwaammwmu 1‘11

Input

Geometer

Input Input
Inlet air Temp., Compressor,
Velocity, Capillary Tube &
mass flowrate, Hot Water Storage

humidity at Evap.

Tank Parameter

& Cond.
[ ]

Assumed
P;,P5 ,DSH, DPH=0, DPL=0

Capillary Tube Model Computed m ‘

l

‘ Compressor Model Compute P W, m

r, new ‘

m.=m ?

(Vary By) No r,new

Yes

‘ Computed State 5 ‘

l

‘ Discharge Line Model Computed State 6 ‘

Discharge Line in Hot Water Tank Model
Computed State 7,T ;, Q. Ty

‘ Condenser Model Computed State d, Q ‘

'

‘ Liquid Line Model Computed State 1 ‘

l

‘ Evaporator Model Computed State 3,Q , T

l

Pressure Drop Model, Computed Pressure Drop
in All Component

‘

(DPH = DPH_,)
No  (pPL=DPL,,)

DPH = DPH,,?
DPL=DPL,?

Yes

Compute Time to Increase T, Tyy e
Min=Min+5, COP of System

?
T o= T wnew) No T,>507

Yes

Eﬂﬁ 3 Flowchart LLﬁﬂGﬂ’l‘i‘ﬁWd']uIﬂiLLﬂiN"ﬂaGiiU‘LI

Condenser model AWIWANENIL d mmaqmun“ﬁmmﬁﬁaaﬂ
NABIANLTES wazANTouNIILmean fMuIman1Izn 1 lag
I Liquid line model fuwiwnn @iz 3 lawld Evaporator

model WazwdnANUTaUNINIMLAzaMngla M ANiTNIaanYad



e o 1% & v o =
Mlisees  Auwimanueuanvansszuy  udnhluSey
WgunuenLAin (DPH=DPHyew ?) J(DPL=DPLygw ?) ¥nlaitvinnn
i lnd ldunud  wdISuduS I UIMAUNIIANNAUANNITZLLIL
A A & = o Al v a @ A Aa )
fenesn Tmanede  azldszuunlndifsanuszuuaSendanuan

& &, . a
anlunngdnial anuudwanidn COP vadszuULAzgIannHT89
dudlu T, Taoth @1 T, g JudniSuduludvasinlugs duwm
luiFasg aunens T, > 50°C Tusunswfiazwge uszwafilade

N r . Y ae e
gamnlzashgarie nanfiszunldlumsiinlifauwaunsenyld
ganN Ty A1 COP 289311 nanUszna lduaad laaianen 1

a a1 o o
AN 1 LLE‘T@NNﬂﬂvlﬂﬁl’miﬂiuﬂiuﬂ’l%’sm

AT a2 2IR1IVINANULEY (kg/s) 0.032
anusaufitainianlisees (kW) 4,263.61
anusaufitoiniinowaumes (kW) 5,057.09
COP 2893521 4.16
qmmﬁfwﬁumaaﬁﬂuﬁa (°c) 25
qmmgﬁq@ﬁw’uau{ﬂuﬁa °c) 50.20
sinasinluds @a9) 100
nmﬁlﬁ%%m‘lumi@uﬁﬁau (w#l) 235

457
N a o AV o a
wuuiaasmiadiamaiidesduvasszuud ldiundonw
Wwldsunsuneauinees  wasnasevlutudnlinaidunvinela
a ° A ~ A o, 4d e
luamaaaziimsinmimesss  WwaSoufisunuanlaanuuy
. X o . . dqe c
a3t uashinwamuuuieedieliannsa i ldseluns
aanuuuszuy Wnnuisdmwinimeinsmayiinsdaszuy v
= A Al o A
fogUuunvasszunuazmMIMILgNIzULAIMINzan ialildszuun

Sseintnwnasdely

Lang§1591989

[1] A.C.Cleland. “Computer subroutines for rapid evaluation of
refrigerant thermodynamic properties”, International Journal of
Refrigeration, 1986, Vol. 9 pp.346-351

[2] ASHRAE Handbook Fundamental, 1997.CD-Rom.

[3] Beecher, D.T. and Fagan, T.J. “Effects of Fin pattern on the
air-side heat transfer coefficient in plate finned-tube heat
exchangers”, ASHRAE Transactions, 1987, Vol.93, Part 2, pp.
1961-1984.

[4] Charters, W.W.S. and Threerakulpisut,S. “Efficiency Equations
for Constant Thickness Annular Fins”, Int.Com. Heat Mass
Transfer, 1989, Vol.16, No.4, pp.547-558.

[5] Chuchai Ngamchauchit. “Figure and diagram of the hot water
heaters by using air conditioner in commercial units, Regent Cha-

am Hotel, Phetbury, Thailand.”, Personal communication, 2003.

[6] Michael J.Moran,Howard N.Shapiro. Fundamentals of
engineering Thermodynamics. 1995, John Wiley and Sons, Incs,
USA.

[7] Mullen, C.E. Room air conditioner system modeling. M.S.
Thesis, 1994, The University of lllinois at Urbana-Champaign.
USA.

[8] Ozisik, M.N. Heat Transfer a Basic Approach. 1985, McGraw-
Hill, Singapore.
[9] P.K.Bansal and B.Purkayastha. “An NTU-E model for
alternative refrigerants”, International Journal of Refrigeration,
1998, Vol.21, No.5, pp.381-397

[10] Theerakulpisut, S. Modeling heat pump grain drying system.
Ph.D.Thesis, 1990, The University of Melbourne. Australia.

[11] Webb, R.L. “Air-side heat transfer correlations for flat and
wavy plate fin-and-tube geometries”. ASHRAE Transactions,
1990, Vol.96, pp. 445-449

[12] Wilbert F,Stoecker, Jerold W.Jones. Refrigeration & Air

Conditioning. 1982, McGraw-hill International, Singapore.

anusta

Ac total air-side condenser area (mz)

Agsh desuperheating section of outside condenser area (mz)
Ae total air-side evaporator area (mz)

As fin area (mz)

Ay total inside condenser tube area (mz)

A total outside condenser tube area (mz)

Ay two-phase section of condenser area (mz)

Asc subcooled section of condenser area (mz)

capacity rate ratio = C;;,/Cax (dimensionless)

C, air capacity rate (kW/K)

C. capacity rate of cold stream (kW/K)

Cy capacity rate of hot stream (kW/K)

Chin smaller capacity rate (kW/K)

Crnax greater capacity rate (kW/K)

C, refrigerant capacity rate (kW/K)

Crsc capacity rate of refrigerant in the subcooled region
(KWIK)

Crash refrigerant capacity rate in desuperheating section
(KWI/K)

Cor refrigerant capacity rate (kW/K)

Cl Compression Index

d, Lé’umguﬁnmamU‘Lumamauﬂﬂ‘ﬁaaﬁ (m)

DPH High side Pressure drop (kPa)
DPL Low-side Pressure drop (kPa)
fash desupurheating fraction

fap dry two-phase fraction



hatpo
|"‘rsv
hr!pi

Le

Ps

Ps

Py

Pc

PD
APtps1f
APtpsia
APtprbf
APshstf
APshsta

APshrbf

Qdsh
thp

Qu

Qsh

subcooled fraction

two-phase fraction

wet two-phase fraction

enthalpy of air (kJ/kg)

enthalpy of air at temperature, t,q (kJ/kg)
enthalpy of air at evaporator inlet (kJ/kg)
enthalpy of saturated air evaluated at refrigerant
temperature (kJ/kg)

enthalpy of saturated air evaluated at mean water film
temperature (kJ/kg)

enthalpy of air at two-phase outlet (kJ/kg)

refrigerant enthalpy of vaporization (kJ/kg)

vapor refrigerant enthalpy at saturation at the exit of
two-phase section (kJ/kg)

refrigerant enthalpy at the inlet of two-phase section
(kJ/kg)

Lewis number (Dimensionless)

number of transfer units (NTU,dimensionless)
number of transfer units of the subcooled region
(dimensionless)

number of transfer units of the superheating region
(dimensionless)

number of transfer units of the two-phase region

(dimensionless)
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3 (kPa)
AnusuasTsTNuduiian1iz 5 (kPa)
aMaguasEIThanuduiian1iz b (kPa)
ANuaHTIEsTheNuLEuiignIz C (kPa)

Piston Displacement (ms)
anwsuanlumslvszasasing 2 wisluvaasaiias
MANNFIANIN (kPa/m’)
anuauanlumslnazesveding 2 wsluvensailes
M3 wa (kPaim?)
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anuauaniumInazesvedlna 1 waluriense

dlosanmslna (kPam’)
amuduanlumslnazasvadinag 1 waludasaiiiasan
ANUFUaMU (kPa/m’)

heat transfer rate of desuperheating section (kW)

heat transfer rate of dry two-phase section (kW)

heat transfer rate of liquid line (kW)

heat transfer rate of subcooled section (kW)

heat transfer rate of superheated section (kW)

qtp

Vb
Wei
Woi

Wswm

8dsh
Esc
Ep

g

heat transfer rate of two-phase section (kW)

heat transfer rate of wet two-phase section (kW)

heat transfer rate in the hot water storage tank (kW)

air temperature at the location where dehumidification
just begins (OC)

air temperature at condenser inlet (K)

air temperature at condenser outlet (K)

air temperature at evaporator inlet(K)

air temperature at evaporator outlet(K)

ambient air temperature (K)

air temperature at two-phase zone inlet (K)

air temperature at two-phase zone outlet (K)

outlet temperature of cold stream (K)

inlet temperature of cold stream (K)

dew point of incoming air(OC)

outlet temperature of cold stream (K)

inlet temperature of cold stream (K)

refrigerant temperature (K)

refrigerant temperature at condenser inlet (K)

refrigerant temperature at condenser outlet (K)
refrigerant temperature at saturation (K)

hot water temperature (OC)

overall heat transfer coefficient base on convection only
(KW/m’IK)

overall heat transfer coefficient for the desuperheating
surface (kW/mle)

dry overall

(KW/m’IK)

heat transfer coefficient of evaporator

overall heat transfer coefficient of liquid line (kW/mZ/K)

overall heat transfer coefficient for the subcooled
surface (KW/m’/K)

overall heat transfer coefficient for the two-phase
surface (KW/m’/K)
Pnessuwnzassssanaiuiianiie b

humidity ratio at the evaporator inlet.(kg/kg.da.)

humidity ratio at the evaporator outlet.(kg/kg.da.)
humidity ratio of saturated air evaluated at mean water
film temperature .(kg/kg.da.)

effectiveness of heat exchange (dimensionless)
effectiveness of desuperheating section (dimensionless)
effectiveness of subcooled section (dimensionless)
effectiveness of two-phase section (dimensionless)
Dimensionless
anuniinatiuesuainaidue Y IV

(Pa.s)



