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A study on performance and design of Hogging Ejector

Ji Min KIM

Department of Refrigeration and Air-conditioning Engineering,
The Graduate School,
Pukyong National University

Abstract

Research on energy has been continuing various studies on these day.
Because the global environment in the future will change depending on how
we used an energy in the present. So, various studies have been carried out
by various scholars including research on new systems and improvement of
efficiency in existing systems. In the field of industry also, many application

for improvement of efficiency are considered and applied.

Ejector systems also are a lot related to this. Low-pressure working fluid,
which is a secondary working fluid, is sucked into the ejector and mixed with
each other due to the pressure drop and shearing effect that occurs when the
primary working fluid, high pressure and high temperature gas, is released
from the nozzle. This mixed fluid are released to the atmosphere through a
diffuser. That is, the energy of the primary working fluid causes the secondary
working fluid to move. And no electrical power is introduced in this process. If

user don't want to apply the ejector system, user should consider to apply a



device such as a pump using electricity to move the secondary working fluid.
Of course, Ejector system also, the electrical power is required when primary
working fluid is made by compressor. But this fluid is not made only for the

ejector system. This steam is for an operation of utilizes in the plant.

Namely, The advantage of the ejector system is that it doesn’'t need to use
electrical power. On the other hand, the design of ejector system is a very
difficult problem. Because it deals with compressible fluid. Then the properties
change continuously according to temperature and pressure. In addition, normal
shock wave and chocking occurs when passing through a narrow area in the
nozzle. It is necessary to design it in consideration of this. This often leads to

performance failures during performance testing.

In this study, I analyzed the major cause of performance failure based on
the accumulated database and proposed a new design which can increase the
design accuracy. And I confirmed the validity of the new design through
experiments with two kinds of ejector to be designed by new design method

and original design method.

_iv_



List of figures

Fig 1.1 Distribution diagram of Condensation and Ejector system

Fig 3.1 Subsonic and sonic ejector flow

Fig 4.1 Distribution diagram of test facility for ejector system

Fig 4.2 Picture of test facility for Ejector system

Fig 4.3 Vacuum degree variation designed by Original design method

Fig 4.4 Vacuum degree variation designed by New design method

Fig 45 Comparison of Vacuum degree at each Hogging ejector



List of tables

Table 3.1 The output of summary

Table 3.2 Connection size of Hogging Ejector

Table 4.1 Experimental condition

Table 4.2 Experimental chart

_Vi_



NOMENCLATURE

SYMBOLS

P o

JH

[Pal
[m’]
[m?/n]
[-]

[m°]
[J/kgK]
[m]

[-]
[J/kg]
[-]
[kg/s]
[J/kgK]
[K]

i)

v 5

Q

)
X
ox o

5o

Q
kr
N

s e
e 2

ofN
kY
i
-

z = 99 0 »
2 »
um ol
&,

d
R,
ot
=
&

3
i)
ol
o P

=
i,
2
4 o

=
rfo
1

GREEK SYMBOLS

- vii -



SUBSCRIPTS

@)
9 5
g L
o = 3
aQ

)
=
N,
2

- viii -



A7 L =A

Ejectorv X8} e Aok @ A7y AE AR&stA] @i 2Ef
A7y AA L Y& AMYAE sAst] AFES FAAY 23 FA 9 o)F
< T F de S 7 A&"o|n Ed HIA Fo A tFo
of & ¥&d/(Cavitation)= FTHHsHA] OB RE FHSHA A&

]_
FAol Atk R 7HA A SHME el Al stk whEka SHA 4

A= Ejectorell thgh theFst A77F &3] o] FojAa glon, 53 WE
Ato] 29l EjectorE #-&3te] W& A" COPE 3 H4o= &
A A7 ol FolA AL Stk AAIF R 53 HES A gk 2

IR Ry

W] o] Fo] X a1 gitt. £3] o)A Ejector Al ~ElS o] &3
[e3]

557k 5EHYon AEs] 5 e e Rkl 4§ woA gl



ggsto] A

219 (CFD 9)&

A

a4 =

€ A

/E)]-

& 7|Eo® shal o

A o o] 7

ol

Fal glo, Al

Al

| g4

N grow Aw

A =, v e

=
=

Well Aol HEEl £Ho] H o

ks

eIl

AF§ A4 ol A =

JIK

i

3

4!
o

\_ﬂmo

Mo

1

s

S|
&

o
=

ofe] Aol AA #

A3 23 dolHu o]~

el

2a8 A3 g3 4w

yg=

]

B/

ol
B

o
file)

X
il

el

0
o



1.2 THAT

B oA oA Ao ® 3= Hogging Ejectors HluZ E:3F Holg]
FAol7lel E AFS FeR g Fdl, e =i 52 A 55
T AFE Folm
AN A A ES AN E AR A= 9t Hogging Ejector= 59

2 AFS AAE7] "Wt =57 =F

woy o= Ao

-
il
ol o
r <|
r
)
ofo
filo
v
)
Y

1204 Hogging Ejectore} 22 54 #okE wjA|stal 3 Ejector?]
Aol tig T A5 FotEton, = ErE o} & 2ol A
gk AG7F o] FAAAL AR AT F AT Choie ol AH FF
EA4 #d AFE T +5/225 olAHY & 54 # FX 5
A& o] &e A 2 AY AFE SR o, AA Ejector®] AA Al W&

N E

S s = YgrE AT BASAT 1] Kime 7| /A A Ejector Al
=

(ot
o
o
do
ot
4>
o,
ot
o,
2
n)
>,
[>
)
1o,
il
R
hei
2,
olr
)
N
N
il
o
=
}:ﬁl

shol o,

< = <7
olF HrE AT



S g 4 AU Yoon S[4]2 Two-phaseE 8§83 2>=xd
Alzdle] Aol A At E o] AEfAlE ol &ste] HHlET o AdE F
FE S FUFAE Fdsts Alzdd dete] Algdeld £4 A&
ZePstdeh Li 52 S8l Kalina Aol 2l Ejectorgs #-&3te] AA7&
Foe 13te] ES Ejectord #AEHAIZ AMESY HRUlY E79ES $
%99 o]z 7471 E-Kalina Alol &S Al¢tagdh. oL

Kalina AFel & tiH] °F 55%9 &&o] Fdd A=gE AASATHEL F
7he, 57 EolA A4 E Wele] dRE EAAA AdFdrldA o
Aite] dusow 755 7AYH W E Ejector® Zs#AE ARES)
= EORC(Organic Rankine Cycle with Ejector)*] ~€1S A|¢telar 23S
ol Alade FAsAT. 22fu, Ejectore] H&oz & F7kE A
o] Aol dH 3] ZA7]e] A="] &L 7|E ORC Ato]2ET

S5 Flsk a6l

W% A 2~ 8 (Refrigeration system)ol] Ejector® # &3 A7 A =,

BE st JaE o] gt} Lawrence 52 EjectorES W5 A
2do] A83 qF o]HAE Abe]F(Standard Ejector Cycle)oll gt 23
A AE v 57 =79 15He HAYulE Ejectord] AE A=
of TEdERY =57 FY 7h=Y e =4 e As &
[e]

W, 1 A oF 11%9] COP 4S5 e ATHTI.



1.3 2t A9 Ejector & -&

GRS

Aol wdes

1
.

Ejector

X/
2
)

olo
]
~
Njo
)

p—

0
"
B

™
olo

N

Hogging Ejector”?} 4k ol

MeFeolth, Bl A4

ki3

Cycleol]

S H
T

¥t Fig. 1.1

o] Zo]

]

o] E4=7](Surface condenser)®|t}.

A

=
T

=

ol

5|
pul

o AR

Ejector”}

= 7Iskel 77k AdH

=
=

71 *&yA

o

o

o] 47 S Ak

o] Agtolojo} A7t Al

ol A

=57] o

©
o

A

1= Jzom

S

o AF] F=ollA 7

Mo
~al

it

Mo AEFAT HEelst BAL 4R

-

ol
ooyl
Br

o

T8

Hogging Ejector7} ulj-$-

GRS

qJog



EXHAUST ~—f{StEiteR} .
A
s = N —

" : VAPORLINE } 15T SAGEEJECTOR

T
i
4,. ‘I M X
o ARV o N
| B,Z U N‘Fs{mgf]_-‘m 7
1 2= i
1 e 4
E ==

APOR u@ [
nuTLEr"W}“‘] 5@—_3?““
mitml £ m
o
el
s |f] ¢

Z
X

E

_______________________ WATER INLET

1
X

T

% Z VIALVE & INSTRUMENT SCOPE OF EQUIPMENT
Ll '

\'+.’ i CONTROLROOM () PressureTRaNsITTER (1) SURFACE CONDENSER

@)  EVELTRANSMITTER @) wELcoNROVAE (B PUMP SYSTEM

CONDENSATE PUMP

® oo LEVEL GAUGE (@) AUXILIES PARTS

Fig. 1.1 Distribution diagram of condensation and ejector system



o] o= Akdel A Ejectors thdd Aoz ALgH oA o A&
T adeith. S7IERS FHEIR o] E AS AlFeR wiV[EE JE
Hx dg=7] So AFEFH AT, =g Aure] COPT(cargo oil pump
turbine) 8 %719 Al2gld F73]F BERE AREH| AT o]t

FHE ARt oyt gV z7IAIAF el EjectorZt A-8® Abel7E

= o ZoklA ZIA, AA F& nA9 EFS AFse ¥R
Ejectors A&3 stow, Io& 457 93 A&Hoxg. ol d

Ejector Al2=€o] i3t 47} t]2 @WstA o] Fojx L tvhokst Hof

-

A b AR@ gdo] bsd Axgor wAsy el the

o

2
Ay

s

gk ool A &5

-
X0,
Al
Ll
=
i)
rh
i)



Al 2 &  Ejectord ol &

)

21 W2ro] WAHNL o §& o] &

Hogging Ejectori= Motive steam3¥ 37|15 #&FA= dof. 5 F

Ao wel UErF WHelr] wFo Motive steam= H| =4

e 2 )

ey
=
FAE B F ok =3 5Yg=9 ¥F7]E Mixing chamber® &%= 3

—

Aol pHel o8] WmrF WslER o] I HAGEHFA FAE B 5 ¢l
b SAIRE o] BelM = By i, HUE HuHow
A3l Motive steam= 4ol we} E= W 7F gle ¥ FA=Z 7t
kA

T4, =53 FYS5 AHlAN wEFo] wAAS A& v 2o

[2,8].

iy i Tey (2-1)




(2-2)
(2-3)
(2-4)

2
1,v

(

PP,

sl

S

g

[e)

=

(2-3)°ll
(2-3)

Al
=
|
=

o

W

(2-5)

3 e X

o o

49

ol wet g n R

0



teoR Y dMue AT TS Yo wio WAL of
shof thewt o] Aelskith. Suction Airk o7ISHE PolA F AN
99 PR ME W wEE dEel me wek: MEA AR Fu

/ Lapp L f dVi= (2-6)

N P=pRTo| B2

RT/ Sl (VQ{—VZ?Q)zo (2-7)
o714 wi7Itel A e Z1A e £ 0o SRR 1 =08 F9
(2-8)

R](lnp“)+lv2 =0
P2

_‘]0_



EO

In

P

a

P,

VQ
IOQ 2,v (279)

— p’U 17’2%1) —
2P, 2P,
o] Atil st @ =A4,V, 7F Ha, 2 (2-10)&
a %) 2
In—= (2-10)
P, 24P
s EAAF GE EYstd A2-1D)2

a

n?

v

Po 2
S E— 2-11
2C2A2P, @ 210
T Fakel wak gEkA ) o] ke AF

_‘]‘]_



A (2-5F Pl die Aeste]l A 2-1D° Hdst ofefjof 2t}

» )= (2-12)
? 2 2
2074,

exp(p, Q3 /2CEALP,)

@ [ 7(Dv 4} P,

Qo el Aestd shr)ep 2o

P
= |In . (2-13)
Q2 ( 2 2 42 D'U 4 2Q)QAtQPa
P,—(p,Q; /QC}Av)[l_( D )'] X
i Pa

_‘]2_



A 3 & Ejectord AA

aeg 12 71Ag e ol Eell wAe dEn], E4AS a2 Y3
>r=

o] Sl E A &35l Ejector

22
2

&S EUE Ejectors FHF AASta, AesH7 ol AE3t

Ho=Hoa Ao 2 3= Hogging Ejectort 7| A9 st2 ¢l =11 o A

&% % okgd o] Havlel, ook WAL W §E vpFo A

4o
= oy

Ot

1} o

R

3

3.1 Ejectore] AAIE H3 FE3H4 o &

| sk

=
—_
)
_L|>_J,
offl
do
i"’/
ro,
&
s
10
~
20
S
kr
fN
fr
-z
)
o
e
it}
rlr
o
o
Q2



N
fr
ol
i
_O|L
N
)
£
&
o)
e
g
=
Ho
offt
=
=
:('?{:4"
=
=2
)
&
o
S
_O|L
~
do
:‘?‘:4"
)
dlo
=

e
oL
~N
__NLJ,
ol
~N
T
=
AN
S
o
i)

7ro] 7} &Rt} Ejectord 12 2 23 #5&

G FeoR Fdn 3, =S A el o AE Rkl
ol A=, EFF AN :

P . _1 k/(k—1)
%‘(H =5 M) (3-1)
T = k—1
TM=—F=1+t—5—M (3-2)
Tian—_ A _ 1 2 c—1 (e +1/2Gec—1)
A(M_AC,_W{K‘Fl(l—I_ 5 Mg)} (3-3)
FM= FF B Ll — (3-4)
oo M 26+ D1+ 25 L )

—apn—_m R k—1 —(x+ /20— 1)
m(M)= APOV?TO—M{H—Z MZ) (3-5)

- 14 -



Ejector inlet(A 3,)

o
\ Secondary Ejector throat(A, ) 4
\ | flow
Primary == Sl P,
ow Pgp, t e R : (
j}zﬂp “ : = | Back pressure
‘4. Mixing tube Diffuser
Nozzle exit(A ;. )
Zow
(a) Subsonic ejector
Ejector inlef(A 5,)
N
\\\ Se(_‘gn()’m}l Ej@{.‘f()a" fhfﬁal(A 1e) 4
\ flow m /

Primary : 5 : P,
flow P Op i

Top 2~ | Back pressure

AR P
\ (s
Q M ixing tube Diffuser

Nozzle exit(A ;,)
F }’(J W

(b) Sonic ejector

Fig. 3.1 Subsonic and sonic ejector flow

_15_



o ¢

de] AelA , & 17 w2 =

A sA¢rE HERH

=

n%

%59

N

T

= E%rE 19

53 Ejector?] ulF-ox wtAys}h
1

DIES CCOEVREE RS e

o W4 e 5 glek

(3-6)

do Hold A lee =Z Ao g, Op 14 FEe FA
Hol A9l A, 20 23 F5 YT e, 05 2% KF PAH
oA e 2 3e TRA drelde W, 4= tFA FrelAe

B vEha,
1-27 %59 S o= i/ m, = WA =4, /4, 1-24 F%
ol Aol A ten] y=p, /P, % A, Bectore] EFE QTR A,)

AN Fgel vt AL e vhee] o Aold & gt

— 7—1 A M,
Al M,,.) = ( @01)026 (w o) (3-7)

_‘]6_



o714 A(M)-e AAHZ netfe 32 Jelgon, 234 Z A9
4= POs¢t Ejector &7olA9 4= P49 Hl&= 2 (3-8)¢f o] Ao

el

Py (0+1)90,,0403, AM,)

P()s 11[ Z(Me) (3_8)
kA el 4 B-7)& A (3-8)° Wdstar mistgol te FA4FH|

F(M)= JelW ¥, Ejector U £33 A wlal4s 4 (3-9)2 5FEH T3

2t

F(M,)=

$o08 % &del wa tew 2ol stk wARE 49

N

4 309 oy 1R =3 FE FPARE A, dnHon §35

il

-

o &Ag PAW SAERY §5 Mo 9@ A4 % mel vz
goleth. wepq olefEid A fEue BAE dwHow 4

(3-10)3} #o] Ao Hu.

_‘]7_



(M) = M) (3-10)

@4 Bjector 701 QolA 24 5 e deede 55 A

Z olgato] ed Py~ P,.=(1/2)\ py, U2e2

o o
i
o
it
kv
o
I
o

gokel 24 FEIAY FEEUR PAL G
.

ZPOS_}\‘DS u262
O0ps— 2P05 (3-11)

‘?494 /ﬁloﬂ/ﬂ Uge= Cye %e’ POs/ps:RT09 TOs: TZe’(%oé%%)g 37‘:-}

AR A (328 B9 A G128 24 F AT

pL— T(M,) M, ?
O091e— ik (2 2e) e (3-12)

EIh, YA @ 39 4o e E@Ae fedEds sty 9l
P -1
EAAF BB =], P~ Py = (1/2>Bd(—T Jpy uf O R %

493, 4 (3-6)9 o5 A (3-13)e2 AFEHrh 9] AHoA 1, o

A et §e deus Sl (d,/dy)?R Fol .



1,12
s
Oy3— 2( ﬁ—}— u42 R ( T, >2LI—32 (3_13)
Py 2 Ba Ta 2

A Aol uy=cyM,, P,Jp,=RT,=RT, u,=u,/t,9 BAZ o] &

ste] Aelshu, 4 (3-14)9 2TH1S]

) v
B KT-(]%) ]WSZ + Bd ( Td ) + sz Bd ( Td )
Oy3— 9 (3_14)
2___ g, (felyi L]
x T(My) M a Ta T/

_‘]9_



= A

A oAgautel o] v Ao R Ejectord

)"

3T

o

o
ot
2N

=3
o

K

—~
fils)

ot
!
B

T

)
0

oF
H

[e}
a1

s
=

Ejector?]

1

.

Table 3.12} Table 3.2

HEd o2
2 Motive steam?]

[e)

690kg/h2] Motive steam©]

of Aoy

3L

=
-

=

Al

3 A

445kPa, 160TCol A o] xx ot} ¢

S

=1}
=

A wk

A
=

&l

)

-

T

atH, o

S

wj <ol 317 Aol A

of welt 2|7

e

N

o}
0
X

Mo
|

A

= AAk H= 7ol

ol
o
4

1

g]

] 511 2171 ell,

~
,.mo

B!

o

TZAA
_20_

ol
P2

S|
)

Ejector?] A&+

g
T



Table 3.1 The output of summary

Flow rate (kg/h) 690

Motive Pressure (kPa) 445
Temperature (C) 160

Flow rate (kg/h) 102.1

Suction Pressure (kPa) 33
Temperature (C) 30.0

Flow rate (kg/h) 792.1

Discharke Pressure (kPa) 120
Temperature (C) 135.7

Mach number 0.095

Table 3.2 Connection size of Hogging ejector

Motive 100mm(4Inch) 150# Flange
Suction 50mm(2Inch) 150# Flange
Discharge 100mm(4Inch) 150# Flange
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Fig. 4.2 Picture of test facility for ejector system
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Table 4.1 Experimental condition

Subject

Hogging Ejector

Working fluid

Primary

Secondary

Discharge

Motive steam

Atmospheric air

Steam + Air

Flow rate (kg/h) 690 102.1 792.1
Pressure (kPa) 445 & 120
Temperature (C) 160 30 135.7

Connection size

100mm(4Inch) 150# Flange

50mm(2Inch) 150# Flange

100mm(4Inch) 150# Flange

Material

Carbon steel

Carbon steel

Carbon steel

Mach No.

0.095
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Table 4.2 Experimental chart

Motive steam
pressure (kPa)

Suction pressure
(mmHg)

Orifice size
(flow rate)
kg/h

Note

0

100

200

300

350

400

500

11
(air:83.4)

0

100

200

300

350

400

500

12
(air:99.12)

0

100

200

300

350

400

500

d13
(air:116.3)

0

100

200

300

350

400

500

®14
(air:134.9)
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Fig.4.3 Vacuum degree variation designed by original design method
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