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ABSTRACT

The purpose of this-project is-to find the best working-condition that effect Rm and COP
imply in refrigeration performance-compound  with 'a- temperature of boiler, evaporator, a
pressure in condenser and structure of primary nezzle. During in present, a conventional
refrigeration system.~has: problems  with~ power “consumption. The “experiment ejector
refrigeration system consists of boiler size 9 liters, 1500 watt, the evaporator size 3.6 liters, 556
watts, condenser 3500 watts, and 3 different nozzle structures. Tested by change temperature
of boiler, evaporator, -and condenser-and change 2 different nozzle structures. Experiment by
change temperature of the boiler, evaporator, and condenser are controlled by a controller
including change nozzle structures. From experimental result can plot graph relation between a

variable that effects on refrigeration system performance.
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wazfinwgunsadinnaeenved primary nozzle wuuninauuaydmdsy Alnanenis mixing vo9a51
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1. Anwungadvszuumsvianudulaeld ejector lunmsiiumnusuliunszuy
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2. Anwdiudsuazan1ensvinnuiiinaneuseansnmnisvinauaedseuy

3. NRaRuUABUEN1IZMIYIINUAEY warTufinnan1svaass
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1.6 Usgleyilnanndnazldsu
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1. ldvsuilafusuazanzmsinnuiniinanesussdniamnisinnuvesssuurianuduuuy
ejector &sAa gaumfiives boiler, saumaiives evaporator La¥AIMAUTRT condensear
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a o d c: v
2.1 99UWNLNYIVS
szuuyimdulaevaluld mechanical compressor Tunsifiuaufuuazgumgivesans
o 1 & 15 d: n.'/ @ e‘j 1 1 tJ % E 74
viadureuivzdluly condenser tiandusialudusely usiilesdan mechanical compressor 14
o - = w o 2 e v W v I | o o
WA lniann FadinnswaunseuvvinasBunldwasulnihantosas Wnelduvasmgsnuaiiudou
= o/ a [~ YY) dl i [} 8 A Vel 5 1
wunazlindsnulniudumduiniou Ine inaindsiuauseundmsa e iaiud vuza1nlsenu
s =Y q" v 4 s at at 3
WaNULAIDTIRE PszUvITiandatundnsninisdanaiuduain - mechanical compressor  1{u

. = = . . [ % & ri
ejector LUABUIIN compressor refrigeration system 10U ejector refrigeration system

2.1.1 Ejector refrigeration system

M3YNIULDY ejector refrigeration system 1luaTsU7l 2.1 Aeszuvveanmsyinanudulae

laf ejector WU compressor Tu compressor refrigeration system mug‘dﬁ 2.2

Condenser may be
water-cooled or
air-cooled.

Compressor

‘Vapor ‘apor

Condenser

Evaporator

Prisrary Nusid

Cold | Warm

air
Fan

- e

b | e —

= l [Se

i o

} Foapersbion f Expansion

‘ Coodimg xanl - Liquid + “apor N Liquid
= h—atr™d Yalve
Cold sr +—| | o

TYPICAL SINGLE-STAGE
VAPOR COMPRESSION REFRIGERATION

g

(.

o 5 : < . .
E‘U‘Vl Weimd 2.1ejector refrigeration system :JS‘UV] kelne 2.2compressor refrigeration system



usiseAvnSnwues compressor refrigeration system AffaiA1 COP wnni1v89 ejector
refrigeration system lagA1 COP 83 compressor refrigeration system e
Q. hy-hyg

COP = = (1)
w, hige~ iy

net,in

| & ' [ < a o a = i o
lag#l Q_Aensineimanuieuigumgiis, W, Aed1uavdvesssuy, h, Ao enthalpy newidn

compressor h, A9 enthalpy Aawld condenser way hy k) enthalpy naull1 evaporator

A1 COP w84 ejector refrigeration system d@n

h -h
g-evap f<con
CORSBXR\\[T777=<= (2)

hgrboiler : hﬁccm

mass flow of the secondany fluid
Rm = (3)
mass flow of the ptimary fluid

P < 1 ! " Y =
1NNT7INSIUREULUaRY enthalpy Tu boiler fintiasundlaisufiunistuasuuwtas enthalpy v94

evaporator @u1saAIunl COP ~ Rm

TusAdefiduunues Tongchana Thonstip et al[1] l&vnisuenastagldlusunsy CFD
commercial package ‘Wag FLUENT 6.3 Tunnsiasignsyuy Taeiinsiuaswia primary nozzle #14

P
M1319% 2.1

The dimensions of primary nozzles.

Nozzle code d (mm) (D:d)? Calculated exit Ejector’s area ratio

Mach number

d1.4 M4 1.4 20:1 4.0 184:1
d1.7 M4 1.7 124:1
d2.0 M4 20 90:1
d2.3 M4 23 68:1
d2.4 M4 24 62:1
d2.6 M4 26 53:1
d1.4 M3 14 7:1 3.0 184:1
d1.4 M5.5 1.4 88:1 5.5

Remark: Ejector area ratio = (ejector throat’s diameter/primary nozzle throat's
diameter)?.



= o . =
M54 2.1 9 primary nozzle Aldlunisvaasy
D Aalduruguinatmiseanuas primary nozzle, d faidushugudnarsves primary nozzle

= as 3 o 1 v :i’
NnAdelivinisnaaedlaenid Rm waz P, ldnanvnaeanumsiad 2.2

Experimental and CFD resulix

Naozzle Thades 7€) Ry, Rity ot Ry, Ervor, Rm P {enbar} Pt besns {bar} P u. {mbar} Ereoe®, Perd
A————, —————————
k-ta-ast () ke (%) Kmsat {13 k(%)
d1.7M4 130 0422 0.446 D464 5687 8953 50 335 325 4285 7143
40 0287 0316 0351 10.105 22230 430 440 420 2222 6867
150 D158 0210 0273 11702 43213 5835 550 550 5983 5983
d1AMs 150 (.288 0322 [y ) 1 1506 28.427 44.0 410 370 43545 15909
d1.7M4 0.188 0210 0273 11702 45213 SBS 550 550 5583 5483
¢ 064 103 0135 w1 22549 67647 790 Tin 50 7595 5063
d14M3 150 0282 0315 w373 1n.702 32270 380 o 300 2632 21053
di4m4 D288 0332 0370 11.506 28472 440 420 37a 4345 15909
dl4M55 0.280 63117 0362 13214 29286 g A5G 400 4 E15 25926
dlana 150 02ss 0322 0370 11,806 ZEA2T A40 410 Eri:] 6518 159049
d17Ma 140 0257 036 0.354 10,105 22230 43 420 380 5618 14507
d2.0M4 130 0286 0312 0320 2V | Hiass 450 425 408 5556 LN
423084 120 0273 431 03y 13319 3018 SLE A0 410 11.768 19608
d2 4M4 1136 0267 03cs8 2315 16854 17978 455 430 400 13131 19191
d26M4 12 0262 0304 0312 16031 19084 485 420 4040 13402 Y7526

All results were obtained apd simulsted it anevaporatie saturation terporattre of 7.5 '€ and NXP = + 23 mum.

{The NXP {Noxzle Exat Posibon ] was defined as the distance betwoen the pramary pozzke cxit planeand the mibdng chamber inlet planes as shown 0 Fig 21
# Ertor (%) = 100 w {CFD's entrainment ratio - EXperiment’s et ainment, ko Expetiment’s endidintment ratio.
® Error (%) = 100 & {£FD's critical peessure™ Expeciment’s cricial pressere VExperiient’s crithcal prevsure,

PN v 3
AN 2.2 Rm Lag P mmﬁ)’lﬂﬂ’l‘mﬂamLLazﬂ’ﬁﬂ'luTu

cri

MNIRElAssuIe IR BN suaaeskazlUTLNSINANATIRURIE 3 | Usznisudng

A Usennsivils puaiiRvasvetivalulusinsulammunlfilusaanifuuueaued lunszuiunisada
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a o 1

nelu mixing chamber ves ejector prifuiiArsan lvivesataniugdlndansus usinns
\donauaniuugauaLitoriedon AU Usensfiaes Tulusunsusamualinllidnnsdrem
audou udlunszuinnasaie sxiinsinemainfouiindaivdandouintuuayUssnisanding
TuTusunsusmuslyiufinves ejector TTUSBUWINTUT LA WANSEUAIUNNSIT R LAY ejector lila

‘ﬂUL’%‘&JUL‘Vﬁﬁ’unﬂmu

The working fluid properties,

Properties Value
Viscosity, (kg/m s) 134 x 10>

Thermal conductivity, (W/m k) 0.0261

Specific heat, (J/kg K) 2014.00

Molecular weight, (kg/kmol} 18.01534
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P o ; P o P a
lugu? 23 waasbiviunszuiunmsiennsly ejector Tnsflanznsyhaui gamgl

% Y L) a LY) -
boiler 130 °C, gauunnil evaporator 7.5°C UagAINAUYBY condenser 7 30 mbar lael4¥1 primary

1 Ld o o oa = A u
nozzle d2.0 M4 Aeilidurnugudnansrenen 2 Tadwnsuazndnanauifinesn sia 4

(1) Primary fMuid chokes (Mach = 1)

(%) 2™ shock"s position

(2} Supersonic Mlow

I

Primary uid - 5 - " - -~ _._,..____\l

Secondary Mud

(3) Dramond wave A6 Shear swces laver

(#) 1" series of oblique shagk

- o .
UM 2.3 nszvaunmsvinumelu ejector

- Vg et al = a ) = ' . .
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i 1 5 E2 [l =l 1 e 4 1 2
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Ly over-expanded wave mam’tugﬂw 24088 2.5
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et ging dust Sor seconsdary fhew

A Mach mumber comour lines of Unider -cxpandad wine usmg the promars moassbe B Mach member conmtanar lsenes of Ovee-enpambod wave ssing the prinsary soeshe
A2 A for @ buosker tevmperaturs of 13000 an evaporaior sevnpenstass of 7 3°C and 1 AOMES for i bavler lemperature of 150°C, an pvaperator lemperatiury of 7.5°C and &
# condenser presaare of Y0 mbar conderser pressire of M mhar

gﬂﬁ 2.4 under-expanded wave g‘LJ‘ﬁ 2.5 over-expanded wave



lunstl under-expanded wave laifﬁf\lgaaﬂm%fmﬂ’liﬁumaﬁmuu divergence Lﬁﬂ%ul,ﬁa
ATUAUNINBENYDY primary nozzle TAMNINATIAIMUAUAIY mixing chamber vbLAA diamond
wave fafunsuenefiuasmgy super sonic 5u%uagjﬁ’ummLLMﬂsimswmmmﬁ’umEN primary
nozzle Way mixing chamber lunsdil over-expanded wave levhazasnundienisveneinuy
convergence asintuLilanufumMIBenvay primary nozzle HAMBYININAMUAUNY Mixing
chamber ¥i1l#LAn diamond wave wazéisvinlifiin series of oblique shock Tunsel under-expanded
wave fin"31Aa series of oblique shock it TN over-expanded-wave vilin1slnatinuasiee
N Faenunsndangliannntidivasaineanain primary nozzle fmawdsuwdasiitasniinge
N15gauLdend jet stream’s momentum- diANYBENI Fraidu under-expanded wave 39vl#LAA
Uizﬁw%mwmaaszwﬁ@aﬂ'jw Tumswaaesiitin overexpanded wave lutatafuiloanuigaia
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1NIUA 2.3 9a%Lin oblique shock 138n31 the i) oblique shockdu converging duct
98AN159A secondary “fluid 990 primary fluid - jet core Wagnlawod mixing chamber 31nNAIY
1 1 < " | L) 9 dy = U all’ [}
WANAIITENINANULGIVDN prirnary fluid NU secondary fluid UILRA the shear layer AULMARAUNN

T secondary fluid gnissAI131591as choke asusmuaznasianielu converging duct 910 primary jet
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core NUNUY mixing chamber Wagwuny secondary fluid Qﬂwﬂﬁ choke 136171 effective area (A.)
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lng A, Aaruviaiuedluaanyid. 2 unasmuiuasausnuaggnyinlinauiu @ secondary fluid i
= & & (Y o . ' Y o1 v oA <
WAUUADAINNTHANATILTN ALNANBNATING3910T1 secondary fluid gnissanusaliviiudsmsegn
choke lngi effective area amsaiinlavnsqunialy mixing chamber ugb1nfiagszusuniadn
wiuauWIiMumliindu duegiuanuaui sz uuininuna sUn e ejector Nldlunisnaasy
dmsunssuiuniseay luuauves primary-fluid aggnatelouluds secondary fluid danalaain
ANUSITeY primary fluid aeadluraeina1uiives secondary fluid Windu lugudl 2.3 gaiiin
d - a ¥ . .
the 2" oblique shock ﬁaqmﬁ g oblique shock LNAAIILIN NAVBY series of oblique shock AU
v a & a & 1 < = 2 ; 2 :
AuatngvotadvanausiuTusg19TIng) vasluaasiudsuainuisiain supersonic Wi subsonic
) . R & N a = o ) a
waznglu subsonic diffuser vatlnanayazgnyinlinuanasuiouazvends Weiiuausiuaing

Aaufareanll condenser



08 =1 Rer Voo = 1S07C, T = 7.8°C
06 — Unchoked Flow
4 Choked Flow Reversed Flow

{4 -~

A N B
- . Break Down Pressure
#h2 Critical Pressure | C

\ p\[F Condenser Pressuretmbrg

&0 T T T T I

kit 40 i1} 60

U7 2.6 namnmevinuigaumgil boiler iy 150°C waggaumpil evaporator Whify 7.5°C

AleaTn CrO-simulation

Usedndnimded ejector QﬂLLﬂNIﬂBﬂ’l‘iLU?]E}ULLUaG?JEN Rm Faturainannaudures
condenser 34536n71 performance “cunve wandlusudl 2.6 performance- curve isoanidu 3 du
choked flow, unchoked flow Way reversed flow Ine choked flow Len9an. unchoked flow ‘ﬁﬁ}ﬁ
critical pressure Wag-unchoked flow Wgnaan reversed flow ‘ﬁﬁ}ﬂ break down pressure 9 NFULAMY
AIUSU condenser 9InqpA-D- A8 30-47 mbar ¥l 2" oblique shock (ApugetndmILuLIAe
pen adslsintuiiszvuyianiluanie choke flow  #3eAaTuU condenser - lalliugn critical

pressure 3wvi1l# shock lidmareomsnaiovtlna

N4 Fenglei Livet al[2] lavihnisvpasslasuudiiu 2 daufe primary nozzle way
ejector i1 2 du \NeIdTUlng area ratio (A ) Iaw primary nozzle Way ejector fildlun1smaans

MUNINNDUNEDY MUSUN 2.7 Uagillasanaes 2 dumugun 2.8
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T T T T T T T T T 0.8
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402
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20 T T T T T T 08
Qe —w—Ar=396

= Ar=332

—a&— Ar=277
COP —o—Ar=3.96
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—A— Ar=2.77

-4 0.6
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1 . . d s A o 4
Awee COP, Q. WAy entrainment ratio (U) WNaisuiyu generator temperature (T,) NN

o ' " . a1 oA & od

A =396, T, = 15°C ua¥ T, = 39°C daunaleian COP, Q. ka¥ entrainment ratio (u) UANNLYULLD
q' e’.‘t 1 = 1 n’ ¢ =5 o ni
W T, UaNAINUN secondary flow Az liiinAn5 choke NBUVIIEHNANSUY T 11D ejector MMIIUNANNE
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U7 2.13/COP, Q, uag u ooty T, Tns T, = 29°C, T, = 15°C uak A, = 3.96

= 3 & e
MIBARIYBIYA peak ¥8d COP, Q, Ua¥ u Wamsvhmudasuatnaniay subcritical Tuidu
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a a = a . . : =l = ar
Uiaammwmmﬂqmaxqm breakdown, critical entrainment ratio (u.) tUSsuWmBUAY

1

o P = - | as Pri Y a 1

Al condenser vIgaInge (T.) NAMUANYEY T, NU T, NA = 3.96 1 primary nozzle A49
= ' < < <
uanesIwazidunvequnsalineg lumsieil 2.4, 2.5 uag 2.6 uasnanisnaaeaiuantlugu 2.7 anunsa
) v = a P a1 v i o a a1 v
dunaladn u, agiinaunan T, Srnunniigauas T, UPUBLER WA T . zudanunu u, e T, dAiey
i a1 = Al L l < ' =i = =

NN T uag Ty > 75°C, T sllnanniign et T, uaz T, ddwnfigaud u silannigaide T

fAnuae

Dimensions of nozzles.

Nozzle serial Dy (mm) Dp1 (mmy) Apy /A
A 250 33 1320
B 209 2.7 1.292

=l o %
n15199 2.4 Tasea$ 9o primary nozzle

Dimensions of ejector bodies.
Serial No. D{mm) Di(mm) Le(mm} Lg{mm)
A 4.16 129 42 50
B 3.81 116 38 a5
C 5.60 16.9 56 65
A151991 2.5 1A59a519989 ejector
Ejector specification.
Ejector A-A AC BA B-B
Area ratio 277 5.02 3.96 3.32

A13°99 2.6 area ratio V84 ejector

tcb - tc

u=uc e T, < T usllevialuannaz subcritical a3yl u = u,
tep - tec
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Experiment results at eritical point.

Ay B 1C) £ °C) H e €C)
AA Ejector

277 75 10 0.0836 349
377 75 125 0.1224 354
277 75 15 0.1561 369
BB Ejector

332 i 10 0.1933 337
3.32 75 125 0.2204 34.1
332 75 15 0.2570 348
3.32 80 10 01411 36.6
332 80 125 0.1757 369
332 80 15 0.2055 e
332 85 12.5 o172 396
332 85 15 0.1532 40.7
BA Ejector

396 75 10 0:3248 31.3
3.96 75 125 G.3744 nz
3.96 75 15 04445 319
3.96 80 10 0.2635 341
3.96 80 125 077 248
396 86 15 03546 349
396 85 1t 0.2060 373
3.96 8BS 2.5 02381 381
3.96 85 15 02783 38.1
AC Ejector

5,02 85 5 (.1938 28.7
502 85 25 (1 a566 296
.02 85 10 01893 307
5.02 85 125 0.338% 37

1 -

[ a L al 1 A a ]
leeasuinusznsninues ejector IWabuag 19T Inen s UGeueamail condenser ¢

4

[ - - v\ v - o = =
u, COP Lag Qe "J%‘aﬁﬂ’lLW@J‘UMLNE}LWMﬂ'] Tg wazliian T, Wag T A9 Laswanadiioiny Tg ulagu

EJ A _
MITNN- 2.7 AANIINA[DIVIYAING A

@N17¢N15¥1197U1N subcritical Ty critical Usedvsnmiilmuisaudue

= a "o P o § i ~ o q v i 1 1 i  a
daedl T, dawvindu T udlleuiia A, avvialiad u Waluayesyinlvian T aandy odrslsinuidioiiia

o Y 4 _ .
A, gl u. anadluantisieamgil breakdown condensing

y nnzaudady
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2.1.2 Shape of nozzle exit

sl o v o o o = ¢ [ 5 F ’
naeUNNIULNEINSlY CFD  tieRagiunswasInI1Ein5vinauves gjector refrigeration
system laefidauusdfefio nozzle exit position (NXP), the area ratio Wa%AILE12784 throat SUng
= oo d 1 = 1 1 = = q! o o= L4
NWIYNNAIDNENTENUIINGUS1TBIUINN1RBNUBY nozzle AoUseanSamnalduass duali COP

& oA @ = .
‘UBGS&’UUQQ”UULQJEJLMSJUﬂ‘U'NﬂﬁlJ‘Vl area ratio &

3 ° a . ) @ a o
K-epsilon model gnldlunsyiunengfnssunielu ejector agld 5 1 nozzle Mneiufe

] ]
@ = =l

= ﬁ‘ l‘—‘i s < £ ] L =l s gj
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2.1.2.2 Ynnn1998n primary nozzle exit LUUAN9Y

5U319UINN988NB primary nozzle mmg‘dﬁ 2.16 i area ratio WinAufe 16.0 wavil ejector
throat Wiy 90.25 uaglasaainavessukuusngg AUASI9T 2.8 Mnassasiuldininumasdl exit
plane perimeter %38 EPP wnnfigafe tnninisnay 57.0% iesanannugnveuiivnniian luannae
miv‘l’qmuﬁqmmﬁ boiler # 130°C, gl evaporator # 10°C uazA LT condenser 71 3-5.5 kPa
1awld Reynolds averaging Naiver Stokes equations AU Continuity equation wag The energy

equation lun1smuAY K-epsilon turbulence model gnldlunisaumamgingsunisidiu turbulence
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JUN 2.16 3Us19UnN1908NU89 primary nozzle
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Compatison of nozzle parameters,

Nozrle structisre Conlcal Cross-shaped Square Recrangular ENiptical
Major axis)plane length (mm) B0 1o 71 126 160
Minor axes/plane length (mm) 80 19 7.1 40 40
Exit plane perimeter(EPF) (mm) 5.1 194 284 332 A
EPP increase value - STo% 132% n 51%

= i
A5199 2.8 Iaseainavesguiuusingg

2.1.2.3 NanN1Ivnang
v ° = P a < @
mﬂ'lmamazmsmmuﬁqquu boiler % 130°C, giunNal evaporator % 10°C wagAuAY

=) w P
condenser 11 3 kPa l@aua Performance curve m’mgﬂ‘w 247
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0.1:llrlllJlllL]|IIILI!ll
3000 3500 4000 4500 5000

Back Pressure(Pa)

JUN 2.17Performance curve ¥835UNsaUINYM19981W89 nozzle WUUANA
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s

a0 $ 74 1 c-:J 4 o/ U
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2.1.2.4 Spanwise vortex 11 mixing chamber
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WlAR spanwise o Mevdaaziin streamwise vortices il spanwise Wasuwlawarmely
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gangluauninazinnsuauiuegnan
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2.1.2.5 Streamwise vortex tu mixing chamber

a - o I = E . n' 1
N3SLAe streamwise Tuisnau aziin 8 AY®Y counter-rotating streamwise vortices N1 X/D A1

[ 2 A X =l
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A1 Rm wag CBP N1suiiuaduw99AT Rm \ININVBULUVBIFUNSINNY vilsAR turbulence uNANTSRET

YUY IR NUTIRIEUAE uazifiudures mixing shear zuing primary fluid AU secondary
3 | a . - = -

fluid NsanasvIA1 CBP LARRINN1TaRaduDd primary flow Wagiian mechanical energy loss LUB931N

WSUAEAIUTES nozzle WALENAINTLARIINAISULNLUALUI LTI AN LD S primary iU secondary

fluid uag wiisluies mixing chamber U NMSTUNIUVBINISHAL A1 Rm 2eLfinTuan turbulence Wil
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A5aiuUN15IY

3.1 gunsalnldlunsvaass

A -3 - . .
JUN 3.1 uansssuuvimudiulu- ejector refrigeration system fildlunisvaass Useneudig

1. Boiler, 2. Evaporator, 3. Condenser, 4. Ejector, 5. Receiver tank, 6. Water cooler, 7. Controller

UM 3.1 ssuuvianuuluy ejector refrigeration system 7ildlunisvaaes
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3.1.1 Primary nozzle M#lun1s34

S

3.1.1.1 §UnseUnnn19eenU8e primary nozzle
v 2 gUnse laud Yinnseenuuy

FUNSWINMNSVes primary nozzle Aldlunisvnass
< < o as 5 I - 1w <
AnanuazdINMeeenuuuAmasLInTa Tnegunsais 2 A1 hydraulic  diameter  wirfiu fie 7.4

a a = y & v <
adiuns BeUWIAvee primary nozzle 8 2 unss lduansliluguf 3.2 uae 3.3

o

3d

A (N) Anaw primary nozzle WUuIINEM AN (1) dnaa primary nozzte WULAWMRELTR
= . .
UM 3.2 ¥ primary nozzle
v

A o . A:‘ ell v W I = S
JUN 3.3 nMAINaTuIAYe9Yd primary nozzle WuuRnauLasamteNdnSa lunieliaduns
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3.1.1.2 3894 primary nozzle #il4lun1s3e

: =l I & w = o o & ool
Primary nozzle #itnniseenifursnaniiugusienisnds ianiaqmoandes usiidesann
. P i =1 v oer & aa
FUnsahinnisesnyes primary  nozzle wuvAvdsuliamnsadugulaenisndsld Jedesiugulngds

Additive manufacturing (3D printing) Ima’?ﬁﬂm%}ﬁa High Temp Resin mu'gﬂﬁ 3.4 uag 3.5

~ o :
7Ufl 3.4 %1 primary nozzle wuvasnauiildlunismaaes
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=l o a4 w o L2 2
3UM 3.5 93 primary nozzle wuumdesnsanldlunsvnans

3.2 MINAEUUTLRNENAIWNITYINNIUTRY ejector

a 2 o . 4 v 5 4 = "
NINAABUUTLANTAINNIIVIN9IUVBY ejector %awﬂaaUTmamsLUaﬂuqmwﬂ”mm boiler,
evaporator WagUSUAIAINAUYEY condenser  LANTWSDET AUATISEULIZEUMAT Tngasvnaau

vavua 9 N5 fie 1 3Unse leetiuainuinnieeenaad primary nozzle WuuMnaY

a

pu] a ° . = g < - o
NI 1, 2 uae 3 naFaUUsEANSNINNIIVNIUBY ejector 1ile boiler ﬁqmmumw 130°C

Y

d Q”J 1 2 1 o
Tnswdsugaumaiilu evaporator iavun 3 A IfuA 10°C, 12.5°C wag 15°C anaehdu

A = o & i 2 = = ﬂ‘ﬂ‘ o
NS 4, 5 uay 6 nadoUUIEANENIMN1YIILYeN ejector Wla boiler Tgamaiingiin 140°C

A i Q’S‘ ! 14 1 o
lnewaugamaiily evaporator viavun 3 én léuA 10°C, 12.5°C uay 15°C Audsu
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=Y

= a o s < P =t o o o
N3N 7, 8 uag 9 NAaaUUsEANSNIWNIIVNNIUYOY ejector il boiler dgauuupavn 150°C

u

EJ It z L 1 o s
lngiuasugaumaiilu evaporator siavum 3 A oA 10°C, 12.5°C wag 15°C Amdiy

s

g o R a 1 P 4 & a 4 Y
NNUUYIINSAFRUEIIMNASNATI Tnawldsy primary nozzle \WuluvALasY b

3.3 MINIARIUUTASY FUTUNITNARDY

3.3.1 N15A%A1 controller AUANANIYIIvRY boiler, evaporator wazausiuly

condenser

U4 3.6 wtirln Controller MildnauAnszuy
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3.4 N1SATUIUAT entrainment ratio Y9452 UU

el =

A1 entrainment ratio WuAAvsUandsUsEANT AWU9sEUU Geruaulgann

msecorwdar’y
Rifii=
rﬂprimary

g m = §nTIN1TIMALTRNEIN boiler(ke/s)

primary

W lseiang ™ 9nT1NTINALTIa91N evaporator (kg/s)

laedn31n13 Ivaldaunannn boiler Loy evaporator @snsnfudliein

pnD?(h, = hy)
MAyd 7 .

e p = anuwuikiuvesia (ke/s)
D = sunalduruAuENaNYes boiler Wag evaporator (m)
h, - h, = sEAUmMINgeUathnanatlu sisht-glass (m)

t = annlulumsadunag ()

3.5 YUMDUNINAFIUUSTANSATNNNTINIUYBS ejector

]
=

Medntunewrsluil asdudegtuneuvesnmvageuns i 1 Hgamgil

9

130°C, gaungil evaporator dAWifu 10°C wazaueuly condenser (U7 34 mbar

boiler fALYVITAU

1. flrgnmgilivad boiler uaz evaporator IhdiAviriy 120°C uay 10°C mudy wazsann

AuAUlL condenser IRV 34 mbar



28

2. 14 vacuum pump Tunisapmusuvesszuu Wivdad 34 mbar dwsunisnadaunsini 1

o W a o (YY) o o P " i
3. MuunsEAUNBEmIUInsEAUianadly sight glass 984 boiler uay evaporator

] .
| ot

4. \ilogampiifived boiler way evaporator HaAnfinsely |

=

& « & A H
Unnadvasgunininsaas ivealnloun

o 8 o
MAnvuluadn ejector

5. sflunisineudunan 30 uii

6. \laAsunan 30 unil Uandawes boiler waz evaporator waziamugvassziufianas

mulu sight glass va3gUnsalvivaas TIAUNTIA NG ITs UL Tanas INFAILUWIAT entrainment

ratio U993%UU

7. wadauaipallnunisnsargamgiinves boiler Wag evaporator WllAvinGyU 130°C uax

10°C windy ualiuAuauly condenser 11 36 mbar s iuanaly

8. vinmnpdaunuaie 2 fsla 7 41 Ineuinaineuly condenser ulUiFaaqauninseuuae
i 9 o, v oy ow | & - o
Ldansafnwauuglinisly evaporator - 1Haanld lasntsnaaauusazass asiiuniusuly

condenser AS98% 2 mbar

[ 1 W 5 Ao I 1 [ =l
9. 11A1 entrainment  ratio ‘wlﬂmnﬂ’liwmaau ‘luLLmazﬂ’lm’iuﬂu condenser M’lL“UEJuL“TJu

=)

performance curve veszUY Aigauunil boiler fiA1lvinAu 130°C wasgaunail evaporator ilAwyviniu

]

10°C
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ANANI3INANaBDY

nansvaaeziUalAilu 2 Ussian ABNAN1IVARBINGUMSIUNYNIBBN primary nozzle Wuuenay

@ as

2 o 4 | o a .
uaggUMIInvNesn primary nozzle wuudmaendnia lnsluudazuszinvaznaasiaamglives boiler

q

q‘j 4 = 4 a I = .
nae 3 A1 A 130°C, 140°C war 150°C uasiuasuguunniiuel evaporator ’Luumasqm‘wgu boiler

¢ :J nyd 1 o/ 1 = d' = U a a o
FaUaguNUA 3 A1 Tonn 1€ A7 5°C URS\DRA ‘ii\?Nﬂﬂ’li'ﬂﬂﬁaUﬂlﬁﬂaﬂ’]UiﬁﬁWﬁﬂWWﬂq‘SVI'NTU‘UB\‘]

d o 1
FEUUNENITNTITNINIUANE)

4.1 HaN1IAAB9IUNTIUINNI908NYRY primary nozzle LuUULINAM

4.1.1 Biegaumnil boiler Wity 130°C wazgamall evaporator WAy 10°C,

12.5°C uay ¢ C

Boiler Temperature at 130°C

——Tevap = 10°C
—Tevap =12.5°C

Entrainment Ratio

Tevap = 15°C

0 e —
48 50 52 54 56 57 58 60 61 62 |

‘ Condenser Pressure

!:' o o o f-‘l = §
JUN 4.1 nsmisgansawmsvinanuvesssuuiigaumgi boiler 130°C

LLasqm‘ﬂﬂuﬁ evaporator 10°C, 12.5°C la¢ 15°C wuunnay



4.1.2 \Wagaumail boiler WAy 140°C wazamm

wag 15°C

Entrainment Ratio
o
(=]
[e)}
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nil evaporator 1y 10°C, 12.5°C

Condenser Pressure

58 61 63 66 69 72 75 78

Tevap = 15°C

Tevap=12.5°C
——Tevap = 10°C ‘

3N 4.2 nsmidsz@nBamnisvinaiuvesssuunigamgdl boiler 140°C

wazgungil evaporator 10°C; 12.5°C wag 15°C wuunnay

= a o [ a o o
4.1.3 wlagungal boiler 1nNU 150°C wazgun)il evaporator Winu 10°C,

12.5°C wag 16%C

Entrainment Ratio
o
[es]
w

Boiler Temperature at 150°C

66 70 73 76 80 82 86 90 93 !
Condenser Pressure

Tevap = 15°C
= Tevap = 12.5°C
Tevap = 10°C |

nJ a a -] d‘ =) " o
UM 4.3 namidszansnimnisyinanuvesssuuigumgil boiler 150°C

wargamnil evaporator 10°C, 12.5°C uaz 15°C WuuUMNaY
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4.1.4 \liagaumgil evaporator Wifiu 10°C uazgaumgil boiler winiu 130°C,

140°C uay 150°C
- : : s .

Evaporator Temperature at 10°C

0.1
| i‘"’“‘ |
| o 008 — 40— —— |
©
| = 0.06 S - E
' c ——Thoiler = 150°C
€ 0.04 ‘
‘ ‘% ~——Thoiler = 140°C
-
w

0.02 —— "’ - . TS T “=—=Thoiler = 130°C
AN\
‘ 46 50 54 57 60 62 64 68 70 73

Condenser Pressure

d =Y =y -] G: - 1 s
sun 4.4 ﬂiﬁwﬁszammwm‘swmumaﬁzwwqfumu evaporator tM1nu 10°C

YU

wazganil boiler Ny 130°C, 140°C ay 150°C wuuna:l

4.1.5 Wingaunall evaporator Wity 12.5°C wazgaumagil boiler Wiy 130°C,

140°C waz 150°C

0.16¢ - A o WS
O 5l
0.1 Nt~ i
0.1 "=

0.08 | == -

0.06 ——Thoiler = 140°C

| 0.04 L \ Thoiler = 130°C
- 0.02 SN ——
0 I ——— . | e
50 54 57 60 62 64 68 70 73 76 80 82
I Condenser Pressure ‘

Thoiler = 150°C

Entrainment Ratio

dl =y = o A = 1 e
3UN 4.5 nsmisyavinmmsviuresssuuiigumall evaporator Wiy 12.5°C

wazgaumgil boiler Wity 130°C, 140°C Wag 150°C LUUNAY
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=

4.1.6 \Wingaumnil evaporator WU 15°C uazgauugil boiler WinAu 130°C,

Y

140°C wag 150°C

i Evaporator Temperature at 15°C
|
7 S S —— |
‘ 02 fo—— S
0.15 : ==
s —— Thoiler = 150°C
gr —18
= Thoiler = 140°C
W R T\ ——=Thoiler = 130°C
0 L& 4 = Y s X

56 60 63 68 72 76 81 86 92
Condenser Pressure

Entrainment Ratio

A = - o A - 1 o
JUN 4.6 nalUsEEEAWNISIIITUYReTEUUTIDAIVOI evaparator WA 15°C

wazguuadl boiler WAY 130°C, 140°C wa% 150°C WuyUnay

U

s

4.2 HANSNAABIFUNTIUNMDINTDY primary nozzle WuuAmANTnTa

4.2.1 \llagauvll boiler wiriu 130°C uazaamail evaporator Wirffu 10°C,

12.5°C uay 1533

Boiler Temperature at 130°C

0.25 | —_—— o\ N S
°
©
oo
€
0EJ Tevap = 15°C
c
= Tevap = 12.5°C
& Tevap = 10°C

48 50 52 53 54 56 58 60
Condenser Pressure

] a a © al =) ¥ o
JUN 4.7 namdsE@vsnmnisvinnuvesssuugamail boiler 130°C

o/

uazgaun il evaporator 10°C, 12.5°C uay 15°C WuUAmasunsa
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4.2.2 Wisgaunndl boiler Wiy 140°C wazgauunil evaporator Wiy 10°C,

12.5°C usie 15°C

i

| Boiler temperature at 140°C
\

8z — -~ —_—

0.15

Tevap = 15°C

Tevap = 12.5°C
0.05

Entrainment Ratio
(=]
(=Y

=—==Tevap = 10°C

0 == M -
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Condenser Pressure

=)

- a a o =l >
3UN4.8 namUszanen mNsYiuYeITsuunaamall boiler 140°C

U

(¥

- 4 4.
wavgngi evaporator 10°C, 12.5°C wag 15°C WUUAMANNI0TH

4.2.3 {ingauvigdl boiler vy 150°C wazaaumafl evaporator Wity 10°C,

12.5°C way 15°C

Boiler Temperature at 150°C

008 A T e, O (L
000/, ==
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‘ Condenser Pressure
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Entrainment Ratio
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o
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U

@/

a | Y
HACYUNNU evaporator 10°C, 12.5°C uay 15°C LUUAMAYNT 136
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P2 = o = . 1w o
4.2.4 WpguN)i evaporator WNU 10°C wazgaungil boiler winnu 130°C,

140°C uaz 150°C
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U 4.10 nsvssavEnmnn it Tuvasseuugamgll evaporator Wity 10°C
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4.2.5 \ilagauugil evaporator Winiu 12.5°C uazgamgll boiler winfiu 130°C,

140°C uway 150C

Evaporator Temperature at 12.5°C
|

; 25 SN ) & (8 |
° 0INNGSSS—
3 \
E 0.1 O - =—=Thoiler = 150°C
=
= —— Thoiler = 140°C
5 0.05
=
L

| b \ - \ Thoiler = 130°C |
| 0 - | N |

‘ 52 56 60 64 68 70 74 78 81 \

Condenser Pressure ‘

'4 = oa o AHI a L
JUN 4.11 namidszdnsnmnivinauvesssuuiigumgil evaporator Wiy 12.5°C
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4.2.6 \legaunnil evaporator Wirfiu 15°C uazaaumadl boiler Wity 130°C,

140°C wag 150°C

’ 025 —M
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; 02 F——

-] | |
& 015 |
S ~——Thoiler = 150°C
E o1 - . i
£ — Thoiler = 140°C
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[TH]
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Condenser Pressure |
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dl a  a a Gi. = L.
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o
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4.3 uansiIguifisusunsednnvneeenyed primary nozzle #1942 wUU

4.3.1 \liogaungil boiler Wiy 130°C wazganigil evaporator iy 10°C

Boiler Temperature at 130°C
Evaporator Temperature at 10°C

circular

Entrainment Ratio

——square

‘ Condenser Pressure ‘

U 4.13 nswllSeuiiisudsensamnsyiauresgunsahnmieenves primary nozzle ¥ 2 wuu

Mgamgil boiler 130°C uavgamall evaporator 10°C

Y
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4.3.2 Wingeaunil boiler Wirfiu 130°C wazgaumnil evaporator Wity 12.5°C

S
Boiler Temperature at 130°C

Evaporator Temperature at 12.5°C

- circular

square

Entrainment Ratio

49 54 57 53
Condenser Pressure

ol o 3]« ‘ , &
JUn 4.14 ﬂ31WLU'%'EJumsmiJssawmwwmimam‘ﬁmgﬂmqmﬂmaaaﬂ‘um primary nozzle v14 2 kuu

o Zoy 2
Vganga boiler 130°C wazgamvd evaporator 12.5°C

4.3.3 Wiegauvnl boiler Wiy 130°C uazanmgii evaporator Wiy 15°C

Boiler Temperature at 130°C
Evaporator Temperature at 15°C

025 - et S = L o

0.2+

0.15 A o G 4

0.1 | — = circular

Entrainment Ratio

——square
0.05 —

53 54 55 56 57 58
Condenser Pressure

L a - |

sUN 4.15 ﬂi'mlLU?EJULﬁawisﬁw%mwmiﬁmwaqgﬂwsamﬂmqaanmm primary nozzle 14 2 WUy

Vigamail boiler 130°C uazgumgil evaporator 15°C
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4.3.4 \llagaungil boiler Wi1fiu 140°C wazgaungil evaporator Winffu 10°C

Boiler Temperature at 140°C
Evaporator Temperature at 10°C

0.08

0.07
0.06
0.05
0.04
0.03
0.02
0.01

Entrainment Ratio

62 63

61
Condenser Pressure

59 60

]

= circular

———square

= =i =l oo o £ o
JUN 4.16 nsmiidssuiineudsgans ninnsyinnuvesgunsehnynieenves primary nozzle 114 2 wuu

‘=‘ ] - =y
nigaunfal boiler 140°C wargumil evaporator 10°C

4.3.5 Wiegaungil boiler Winiu 140°C uazanumail evaporator Wiy 12.5°C

Boiler temperature at 140°C

Evaporator Temperature at 12.5°C

Ll -
0.12
0.1N o
0.08 =
0.06
0.04
0.02

Entrainment Ratio

72

69

\ 64 66 68 70

‘ Condenser Pressure

= circular

~———square

|
‘
|
|

=
sUN
Y

4.17 ﬂ‘i’WlLU%‘EJ'ULﬁﬂ‘b‘ﬂ‘ia‘ﬁﬁﬂ%ﬂ’]wﬂ’)Eﬁ’l\i’lwﬂmEUVI‘E\‘]‘LJ’]ﬂWNE]Elﬂ?J’eN primary nozzle 14 2 kU

44 = § =
NgUUAu boiler 140°C wargunu evaporator 12.5°C
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= a & [ ° a 1o &
4.3.6 Wagunqal boiler NV 140°C wAzgunANi evaporator WiAu 15°C

Boiler Temperature at 140°C ‘
Evaporator Temperature at 15°C

| 018 . S

' 0.16

0.14

i
0.1

0.08

0.06

| 0.04 —

‘ 002 —*~

—circular

—square

Entrainment Ratio

Condenser Pressure

nl =l =l - - o ) 5
JUN 4.18 namlseuinguusganbannsinaures junsidnmeesnuas primary nozzle 114 2 LUy

=

.=l =
Vgl boiler 140°C Uaganuunil evaporator 15°C

] U u

4.3.7 disgaungil boiler winu 150°C uazanmgil evaporator Wiy 10°C

Boiler Temperature at 150°C |

Evaporator Temperature at 10°C
03 —5 [LAL B oz e |

0.0 \— 2 AN e VA

002 %% ——— =

0.015 N ) o~
— circular

0.01 | e

square

Entrainment Ratio

0.005

' 66 67 68 69 70 71 72 73
Condenser Pressure ‘

a = ~ a a ° R &
FUN 4.19 neiSpuiisudss@ninmnisvinawresgunssinmeesnuss primary nozzle 114 2 WUU

igamgil boiler 150°C wargaumgil evaporator 10°C
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4.3.8 Wisgamnll boiler Wirfiu 150°C wazaamnnil evaporator Wiy 12.5°C

Boiler Temperature at 150°C
Evaporator Temperature at 12.5°C

0.03

circular

0.02
———square

Entrainment Ratio

0.01

74 76 78 80 81 82 84
: Condenser Pressure w

< = oy o : &
JUM 4.20 nlspuimgudsEavEamn1 MinuB gUNSIIIeenYes primary nozzle ¥4 2 Wuu

o 25151 =
NgUnQA boiler 150°C Lavgumi evaporator 12.5°C

P a = o a P &
4.3.9 wlaguunil boiler inU 150°C wArguNIl evaporator WU 15°C

Boiler temperature at 150°C
Evaporator Temperature at 15°C

Ok Lo Iy AN @ B[z ¢
0.07
0.06
0.05
0.04
0.03
| 0.02
i 0.01

—circular

——square

Entrainment Ratio

‘ Condenser Pressure ‘

JUM 4.21 nyvilSeuiisudsednSaawnmsyiaueesgnsahnmasenues primary nozzle 4 2 wuu

figumgil boiler 150°C wargaumil evaporator 15°C
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UNi 5

A5UNANTITNARILAZ UL UB UL

v i A e = 2 v a =
RNNEanITMaaed sziiuldii ietfinaamgiives-boiler- lnaligungiives evaporator A

i . . = 4 o = . o ! = -
A1 entrainment ratio VDIILUUSUATAA[UN BN UNURUNNUVDY boiler 19171171 LUDIINNTTLNY

gaumnilues boiler AU uval primary-fluid siganatuszuvannau walv primary  fluid 1Y

v . - o o e ' L
PINNNLIYDY secondary fluid /| Baglnaldnanlusyuvann evaporator  lunienaunu a1 critical

S oA a { o d a 2 ' Y
pressure Y035z UUHANALTUANDNUYTive boiler e nilaiingnmagives boiler Arauiuly

boiler gL

T Evaporator (0) by L Critical pressure Breakdown Pressure
(mbar) (mbar)

130 0.0947 51 54

10 140 0.06851 61 63
150 0.02145 70 13

130 0.1468 54 57

12,5 140 0.013 66 70
150 0.0412 e 76

130 0.2 58 61

15 140 0.1244 72 76
150 0.062 88 95

AN5197 5.1 uansanuduiusseninsgaumniives evaporator uargnumgiives boiler

YB3 primary nozzle circular shape
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Critical pressure

Breakdown Pressure

T Boiler (°C) T Evaporator (°C) Rm {ribar (mbar)

130 0.1023 50 53

10 140 0.07 58 62

150 0.024 68 12

130 0.154 53 56

12.5 140 0.129 78 &l
150 0.0432 72 76

130 0.209 54 58

15 140 0.1598 72 75

150 0.0684 88 91

E: ot a 1 o = -
A1519N 5.2 LL’E{G]Gﬂl?Mﬁ&JWUéi%WiNQﬂJ‘HﬂUMTBG evaporator E T UNANUDN boiler

Y8 primary nozzle square shape

a o o = 5 < - .
nsiingningilues evaporator laaligunniives boeiler A entrainment ratio vasszuUaLd

1 q’ -3 { s = A :'J 1 cﬂ‘ = % .
Aiufuileisuiugunilves evaporator 011n91 11939 nUSHAMLOY primary (fluid  anaq

o8 Y a L v v 1 YY)
MUTuIMY04 secondary' fluid 91111910 evaporator @nsalvnatdnuilussuulauandu lumenduriu

A1 aritical  pressure 9BV NTININTegNM TV evaporator LANTY \HBsINIEloUTU YR

secondary fluid ANAULYNIMAINAUTEY primary fluid WAy secondary fluid MnaufudaAuYy

¥4t shock MAATUMIIAIN throat LINTY
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Critical pressure

Breakdown Pressure

T Boiler (°C) T Evaporator (°C) Rm . s
10 0.0947 51 54
130 125 0.1468 54 57
15 0.2 58 61
10 0.06851 61 63
140 12.5 0:113 66 70
15 0.1244 12 76
10 0.02145 70 73
150 W5 0.0412 )" 76
15 0.062 88 98

AN519% 5.3 uanarR1uduius senineenmalluas boiler Loz gangivasevaporator

U3 primary nozzle circular shape

Critical pressure

Breakdown Pressure

T Boiler (°C) T Evaporator (°C) Rm e (mibar)
10 0.1023 0] 53
130 12.5 0.154 53 56
15 0.209 54 58
10 0.07 58 62
140 b, 0.129 78 81
15 0.1598 72 75
10 0.024 68 02
150 125 0.0432 72 76
15 0.0684 88 91

= o s I a g a
ANSN9 5.4 uansrdiusseninegaumgiues boiler wazanmngival evaporator

U3 primary nozzle circular shape
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dwsu primary nozzle exit WalAsY primary nozzle exit [HUWUU square shape 9¥UT
A entrainment ratio vaeszUVIEiARuTuEnTooilos mﬂgﬂmaﬁﬁﬁ’u%’amazymwﬂ Y03 primary
nozzle exit 9zviliinislunauuy turbulent a1l mixing chamber vilsAnn1sagniaaIlaRTENINN
primary uag secondary fluid #1111 entrainment ratio qﬁ*’ﬁu Tunanaunu gﬂmaﬁ%%’ammzyumm

Y94 primary nozzle exit s3ufsn1sivauuy turbulent Mgy mixing chamber agyilvigayidsnasny

melu ejector Wuaghann

dmiu critical pressure ¥B3TEUY ARAIAINAUEEAN1ETY condenser MvinlvUszanEaw
1 aé :!1 1 ot = o o 1 s qv ‘:1!
yaszuUliianas Jadled critical pressurefifings agvilviapnsUdeendsauieesnainseuy Taseuy

zpaslnasnulunissnwenusunislu condenser TatiaTsa

Critical Breakdown
I Evaporator
Shape T Boiler (°0) o Rm pressure Pressure
(mbar) (mbar)
Circular 0.0947 51 54
130 10
Square 0.1023 50 53

A39-5.5 LaRIANENUSTEI N primary hozzle circular shape

'
=1

Wae primary nozzle square.shape V\qmwgi‘l%ﬁ boiler 130°C tlaggaungil evaporator 10 °C

5.2 VDLAUDNUY

TaiauauurdmiunisAnwiselufie n1sfinwigunsaliiisiuaiuaiuisalunismiuauuas

v

= a1 4 & a . X . Y = @ 1
AN LA BEYUAIUVDIUATDIVILNNAIINAIUITOUDY ejector refrigeration system il ANYIIARNUBILANY

A4

=1

ugiuvanAsaIninadoUssdnsain AnwiUinnieonved primary nozzle  JUMUUBUAY 29T,

2.

WMABURUKNT, NINUIM NI9BUY UanI1Nil Wazdsne performance curve allFsuwiguiukuulin

NDaNLLUUINNRL
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