
NRC Publications Archive
Archives des publications du CNRC

Simple ejector pump analysis / Une analyse simple d'une pompe à
éjection
Turyk, P. J.

 
For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version  /   Version de l'éditeur: 
https://doi.org/10.4224/40003617
Laboratory Memorandum (National Research Council Canada. Division of
Mechanical Engineering. Engine Laboratory); no. LM-ENG-014, 1988-08

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=0ebc87ad-cf84-4aaf-b266-e19c297c5f33
https://publications-cnrc.canada.ca/fra/voir/objet/?id=0ebc87ad-cf84-4aaf-b266-e19c297c5f33

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://doi.org/10.4224/40003617
https://nrc-publications.canada.ca/eng/view/object/?id=0ebc87ad-cf84-4aaf-b266-e19c297c5f33
https://publications-cnrc.canada.ca/fra/voir/objet/?id=0ebc87ad-cf84-4aaf-b266-e19c297c5f33
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


DECLASSIFIED
DÉCLASSIFIÉ

CONTRÔLÉE
NON CLASSIFIÉE

Mémoire de laboratoire

LM-ENG-014

CONTROLLED
UNCLASSIFIED

Laboratory Memorandum

1988 / 08

SIMPLE EJECTOR PUMP ANALYSIS

P.J. Turyk

Division of
Mechanical Engineering

Division de
génie mécanique

Conseil national
de recherches Canada CanadaNational Research

Council CanadaI*



DIVISION OF MECHANICAL ENGINEERING PUBLICATIONS

DM (Division of Mechanical Engineering Report)
Scientific and technical information considered important, complete and a lasting contribu-
tion to existing knowledge.

TR (Technical Report)
Information less broad in scope but a substantial contribution to existing knowledge.

CTR (Controlled /Classified Technical Report)
A Technical Report with controlled distribution for national security, proprietary or other
reasons.

LM (Laboratory Memorandum)
Preliminary or exploratory information with controlled distribution.

CAT (Calibration Analysis and Test Report)
Information on minor laboratory projects or services.

PUBLICATIONS DE LA DIVISION DE GENIE MECANIQUE

DM (Rapport de la Division de génie mécanique)
Informations scientifiques et techniques jugées importantes, complètes et susceptibles de
contribuer de façon durable à l’avancement des connaissances courantes.

TR (Rapport technique)
Informations de moindre importance, mais pouvant contribuer substantiellement à l’avance-
ment des connaissances actuelles.

CTR (Rapport technique à diffusion contrôlé/classifié)
Rapport technique à diffusion contrôlée pour des raisons de sécurité nationale, de propriété
intellectuelle et autres.

LM (Mémoire de laboratoire)
Informations préliminaires ou de nature exploratoire à diffusion contrôlée.

CAT (Rapport d’étalonnage d’analyse et d’essai)
Informations sur de petits projets ou des services de laboratoire.



DECLASSIFIED
DÉCLASSIFIÉ CONTRÔLÉE

NON CLASSIFIÉE
CONTROLLED
UNCLASSIFIED

SIMPLE EJECTOR PUMP ANALYSIS

UNE ANALYSE SIMPLE D'UNE POMPE A ÉJECTION

P.J .  Turyk

This  memorandum is  i ssued  to fu rn ish  in fo rmat ion  in advance of a
repor t .  I t  is  p re l im inary  1n charac te r ,  has not rece ived  the ca re fu l
ed i t ing  of a report and 1s subject  to rev iew.  I t  may not be publ ished
whol ly  or in part  or c i t ed  as a reference.

Le p résent  mémoire  est  à ca rac tè re  p ré l im ina i re .  I l  est mis en
c i rcu la t ion  a f in  de fourn i r  des renseignements et i l  sera su je t  à
rév is ions .  I l  ne peut n1 être pub l ié  in tégra lement  ou en par t i e ,  ni
être c i té  en référence.

Mémoire de l abora to i reLaboratory Memorandum

LM-ENG-0141988/08

Engine Laboratory
Labora to i re  des moteurs

Copy/copie J2.



ABSTRACT

A simple one-dimensional  so l u t i on  of the conserva t ion  of mass,
momentum, energy ,  and equation of state for per fec t  gases for an
e jec to r  pump 1s p resen ted .  The report  includes the mathematical
f o rmu la t i on  of the so lu t ion  and a sample ca l cu la t i on .  A computer
program is presented in the Appendices.

ABSTRAIT

Ce rappo r t  p résen te  une so lu t i on  simple à une-d1mensi on à la
conservation de masse, la force d ' impuls ion,  l ' éne rg ie ,  et l ' équat ion
pour du gas pa r fa i t  pour une pompe à é j ec t i on .  Le rapport Inclus la
formule mathématique de la so lu t ion  ainsi  qu'un example de ca l cu l .  Un
programme d 'ord inateur  est présenté dans les appendices.
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SIMPLE EJECTOR PUMP ANALYSIS

1.0 INTRODUCTION

The fo l low ing  Laboratory Memorandum presents  a simple ana lys is  of the
f lu id  mechanics of an e jec to r  pump type of dev ice .  The work presented
in th is  memorandum was performed in response to a request  from Capt.  B.
Cook (1987)  of the Aerospace Maintenance and Development Unit  (AMDU),
DND, CFB Tren ton .

E jec to r  pumps, or educ tors ,  are used to induce a flow of secondary
f lu id  by means of a high ve loc i ty  pr imary  stream of f lu id .  The
personnel at AMDU wished to eva lua te  the f eas ib i l i t y  of u t i l i z ing  the
e jec to r  pump pr inc ip le ,  using a i r  from a compressed a i r  s ta r t  uni t
(CSU) as the pr imary  stream,  to en t ra in  a ce r ta in  amount of secondary
a i r  from the atmosphere. The to ta l  a i r f low  would be used for the
ground tes t ing  of a ram a i r  turbine-powered genera to r .

The purpose of the ana lys is  presented in th is  report was to est imate
the amount of to ta l  a i r  which would be en t ra ined  in such an eductor
arrangement.  AMDU personnel would then be able to determine whether an
exper imental  program is warranted.  The simple ana lys is  presented here
would save the costs of se t t ing  up such a program 1n the event that  the
ana lys is  showed that  the proposed eductor  arrangement would not en t ra in
su f f i c ien t  a i r  to ground test  the ram a i r  tu rb ine .

The ana lys is  p resented  in th is  repor t  is l im i ted  to a s imple
one -d imens iona l  so lu t ion  of the conserva t ion  of mass, momentum,
energy ,  and s ta te  equat ion for a perfect  gas for an e jec to r  pump. A
comple te  11st  of assumptions are l i s ted  in the tex t .  The repor t
inc ludes  the mathemat ica l  fo rmula t ion  of the so lu t ion ,  a sample
ca lcu la t ion  using input from the AMDU reques t ,  and concluding comments.
A FORTRAN computer program ca l l ed  SEPP which performs the ca lcu la t ions
is presented in the Appendices.

2.0 SIMPLE ENGINEERING ANALYSIS OF AN EJECTOR PUMP SYSTEM

Given the geomet ry ,  p r imary  a i r f low  and ambient condi t ions  of an
e jec to r  pump (eductor )  system, i t  1s des i red  to ca lcu la te  the induced
secondary a i r f low  and the ex i t  a i r f low  cond i t ions .  The geometry is
shown 1n F igure  1. The known parameters in the system are:

- the geometry: Dp  D 3

- I n le t  flow cond i t ions :  nip or Up Tj

- secondary a i r f low  temperature:

- ambient cond i t ions :  Pamb , Tamb
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The fo l l ow ing  assumptions are made:

- c i r cu la r  geometry

- one-d1mens1onal , uniform flow at a l l  s ta t ions

- per fec t  mixing of secondary and primary airstreams

- no turbulence

- I nv i sc i d  flow

- no momentum loss fac tors

- no secondary a i r f l ow  entry loss fac to rs

- no f r i c t i on  in mixing tube

- no momentum or k i ne t i c  energy cor rec t ion  factors

- far from the e jec to r ,  u O

- uni form rad ia l  pressure d i s t r i bu t i on ,  i . e .  ■ P2

- ISA/SLS ambient condi t ions (Pamh « 101325 Pa, T am. » 15°C)' amo amo 1

P3 Pamb

In add i t i on ,  1f the mass flow is known, Uj can be estimated from:

m » pAu (1)

where

P « pRT (2)

and P1 can be taken as atmospheric, with l i t t l e  loss 1n accuracy.

I t  1s necessary here to ca l cu la te  u 2 , u 3 , P , and T 3 · These
parameters can be found by so lv ing the conservation of mass, momentum,
and energy equations, 1n add i t i on  to the equations of state for a i r :

mass: + m2 » m3 (3)

momentum: m + PjAj + m2 u2 + P2A2 = m3 u3 + P3 A3 (4)
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X X X» m.energy :
(5)

s ta te : Ah ΔΤ
■ c p (6)

The equa t ion
are a lso  used

for  mass f low,  ( 1 ) ,  and the per fec t  gas re la t ion , (2 ) ,

When equa t ions  (1 ) ,  ( 2 ) ,  and (6)  are
(4 ) ,  and (5 ) ,  and the assumption that  Pj - r 2

subst i tu ted  in to  equa t ions
is used,  the resu l ts

(3 ) ,
a re :

V l
RT,

A 2U 2 P 3A 3U 3

RT 3

P (7)
RT 2

A 2U 22~

RT 2

“32ΊVi  2

RT 1

P 1 A 3 P 3A 3 1 (8)
RT 3_

’ “321C-T,  + —P 3 2

2 2

RT,

η Γ1

RT,
P 1 c T

P'2

P 3A 3U 3

RT, (9)

(9)  form
U3 . P j .

Equa t ions  (7 ) ,  (8 )
1n the four  unknowns u2 ,

ambient /secondary a i r f low  is  used

and a s imul taneous  set of th ree  equa t ions
and T3 · Bernou l l i ' s  equa t ion  for  the

to c lose  the se t :

P2 u2
2

P amb P 1 2
(10)

s ince Pj » P2 and wi th  P » P3 ; or

R T 2 ( p 3 -

P 1

(11)u 2
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To fac i l i t a te  the mathematical ana lys is ,  equations (7 ) ,  (8 ) ,  (9 ) ,  and
(11) are recast in the fo l lowing form:

1 ΊP 1 « 1 + K 2 u2 ) = K 3
T 3

2 u 32

Ρχ ί * ! *  + K 2 u2
4 ) » K 3 + <3 '—

T 3

(12)

(13)

(14)

2"K 'u
P 1 c I2 2

(15)

where

K1 .Ù Ï1
RT1

(16a)
C

M
l 

C
M

<
1 

&

NC
M

W
(16b)

K 3 ’ P 3A 3 (16c)

K 3K ' - —
4 R

(16d)

K. ' = K.u. + A-
X XX

u 2

(16e)

*4 - S c pT i ♦ y (16f)
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* c nb5 ρ Z

K c = 2RT,0 L·

(16g)

(16h)

These equations form a nonl inear set of simultaneous equations which
must be solved by some i t e ra t i ve  means. The fol lowing technique is
suggested:

1) guess Pp

2) from equation (15) with Pamb » P3 and T 2 known, f ind u £ :

(15)

3) from equation (12 ) ,  f ind u3 /T 3 :

u, P . (K1+K2u- )J A £
ξ — —

4) from equation (13 ) ,  f ind u3 :

ρμΐφ  4· K2 U2
2 ) - K3

K 3*
u . ---------------------------------------

“3 / T 3

5) f ind T3 from u3 and u3 /T 3 :

τ “3T 3 “ -------------
(U3/T3)

(17)

(18)

(19)
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6) ca lcu la te  Pj from equation (14) :

IGJuJ

(20)

K 4 + K,u,  K-
L· C 0

7) check Pj from equation (20) to ensure that i t  is equal to

the guessed value;  otherwise guess Pi again (see Appendix B).

3.0 SAMPLE CALCULATION

Given a four inch diameter nozzle and a 21 Inch diameter mixing tube,
ca lcu la te  the ex i t  flow rate and temperature, the secondary flow ra te ,
and out le t /pr imary  mass flow and volume flow ra t ios  1f the primary
a i r f low  is 120 Ibm/min at 500 eF. The parameters of the problem are:

2
Dj = 4 in »101.6 mm, thus Aj « 0.0081073 m

Ti » 500 e F » 533.15 K

mi = 120 Ibm/min · 0.907 kg/s ,  thus ui » 168.94 m/s

D3 = 21 in » 533.4 mm, thus A3 » 0.22346 m2

A2 = A3 - Ai » 0.21535 m2

P3 - 101325 Pa

T2 » 288.15 K

cp » 1004.76 J/kgK (a i r  at 15’C)

R = 287.074 J/kgK (a i r  at 15 eC)

Ki = 8.9489 x IO - 6

<2 = 2.6034 x 10- 6

K3 = 22642



-7-

K 3 ' » 78.871

Kf  = 0.22497

Κ 4 = 4.9215

Κ5 = 289522

Kg - 165440

Using the program SEPP given in Appendix A, and the method of guessing
P. a f te r  the f i r s t  two guesses given in Appendix B, the resu l ts  of the
ca lcu la t ions  are displayed in Table 1.

Table 1 Sample Calcu la t ion  Results

I t e r

# (Pa)

u 2
(m/s)

u 3
(m/s)

T 3

(K)

iP Pout

(Pa)

%D1ff

1 101000 23.07 31.57 357.2 112196 -9 .9
2 100900 26.40 30.70 309.0 98090 2.9
3 100920 25.76 30.82 316.9 100411 0.51
4 100924.5 25.62 30.85 318.7 100953 -0 .028
5 100924.26 25.63 30.85 318.6 100924.0 0.00027
6 100924.26 25.63 30.85 318.6 100924.26 -4 .X10-7

The exi t  flow rate at an exi t  ve loc i ty  of 30. 85 m/s is (with density

P3 ■ 1.108 kg/m3 calculated knowing T3 and P3):

Q3 ’ U 3A 3 ’ 6.8942 m3 /s - 14610 cfm

m3 ■ P3Q3 ’ 7.6373 kg/s - 1010 Ibm/min

The Inf low is :

Ql = uiAi - 1.3697 m3 /s « 2900 cfm

mi = 0.903 kg/s » 120 Ibm/min

The ra t ios  are Q3/Q1 « 5 .0 ,  and nrç/mj = 8.4
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4.0 DISCUSSION

The cont ro l  volume takes Into account only the mixing volume, i . e .  the
volume in which the two streams i n te rac t  , and as such, a "back
pressure" on the system cannot be determined. This 1s due to I nsu f f i -
c ient  in format ion on the upstream geometry, i . e .  nozzle,  etc.

The analys is  does not take into account the mixing tube length ,  hence
f r i c t i on ,  and other wall i n te rac t i ons ,  are not accounted for .  Previous
experience (ELLIN 1977, KAVALIS 1983, LEMKE et a l .  1977, and MOSS
1977) ind ica tes  that the mixing tube should be at least three mixing
tube d iameters  long to promote adequate mixing of the primary and
secondary streams. However because the mixing tube-to-primary area
ra t i o  is  so la rge  (27 .6 ) ,  a longer mixing tube would probably be
needed, since the value of L/Dm ■ 3 was determined from the geometries
studied 1n the References, where area ra t ios  were of the order of Α,η/Αη
= 2 to Am/An « 3. I f  the mixing tube is not long enough, the ou t le t
ve loc i t y  and temperature p ro f i l es  would be h igh ly  non-uniform as shown
in Figure 2. Of course, the problem with a very long mixing tube
would be the eventual non-neglig1ble e f fec ts  of f r i c t i on  and shear
laye r /wa l l  i n t e rac t i on  e f fec t ,  which would increase the losses.

The analys is  1s a h igh ly  idea l ized scenario for th is  pa r t i cu l a r  type of
a i r  flow (see the l i s t  of assumptions). The entrainment and f ina l
out f low of a i r ,  therefore,  1s the maximum a t ta inab le  for these types of
cond i t ions .  The actual a i r f l ow  w i l l  be lower for a var ie ty  of reasons:
Much of the induced a i r f l ow  1n th is  type of system is caused by
tu rbu len t  shear i n te rac t i on  between the primary and secondary f lows.
Because the nozzle 1s smal l ,  the shear i n te rac t i on  "surface" w i l l  have
a small area, and i t  is doubtful  whether much secondary flow would be
induced — ce r ta i n l y  not the 15:1 ra t io  as was hoped for by AMDU
personnel (Cook 1987). More secondary a i r  flow could be induced by
using a "lobed* primary nozzle,  or sp l i t t i ng  the primary flow into four
smaller nozzles (ELLIN 1977). These increase the shear i n te rac t i on
surface area. Also, a "s tandof f "  S = 0.5 Dm is suggested by ELLIN
(1977) to i nc rease  the en t ra inment  in an actual experiment [see
Figure 3] .

F i na l l y ,  only an experimental analysis w i l l  be able to u l t ima te l y
ve r i f y  whether the analys is  is cor rec t .  A parametric ana lys is ,  with
geometry as var iab le  (diameters, leng ths ) ,  w i l l  Ind ica te  trends and
optimum cond i t ions .
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F igure  1 E jec to r  Pump
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F igure  2 Non Un i fo rm Ve loc i ty  and Tempera ture  Pro f i l es
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Appendix A

Simple E jector  Pump Program (SEPP) L is t ing



0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060

CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAjf  ‘ ·-· AAAAAAA  AAA AA A A AAAAA AAA A A A AA A A A A A AA A A A
C* A
C* Simple Ejector Pump Program (SEPP) A
CA A
C* Programmed by Peter Turyk, NRC Engine Laboratory A
CA October, 1987 A
CA A
QAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

PROGRAM SEPP
IMPLICIT REALA8 (A-Z)
INTEGER I,N
COMMON /C0NST/K1 ,K2,K3 ,K31 ,K11 ,K4,K5,K6 ,P3 ,CP
DATA PI/3.141592653589793D0/

C
C...Read input data from file EJECT0R.DAT
C

OPEN(UNIT=1 ,FILE='SEPP.IN' ,TYPE='0LD' ,DISP0SE='SAVE' )
OPEN(UNIT=6,FILE='SEPP.OUT' ,TYPE='0LD' ,DISPOSE='SAVE' )
READ(1,A)D1,T1,U1
READ( 1 ,A )T2,P3 ,D3
READ( 1 ,A)CP,R,N
write(5,A)Dl,Tl,Ul
write(5,*)T2,P3,D3
write(5,A)CP,R,N

...Calculate equation constants

A1=PIA(D1/2.DO)AA2
A3=PIA(D3/2.D0)AA2
A2=A3-A1
K1=A1AU1/R/T1
K2=A2/R/T2
K3=P3*A3
K31=K3/R
K11=K1AU1+A3
K4=K1A(CPAT1+U1AU1/2.DO)
K5=CP*T2
K6=2.D0ARAT2

Q
 Q

 Q
Q

 Q
Q

...First guess and calculation

P1IN=P3-2OO.DO
CALL CONSRV(P1IN, P10UT,U2,U3 ,T3)
DIFF=(PlIN-P10UT)/P1INA100.D0
WRITE(5,100)
WRITE(6,100)
WRITE(5,101)P1IN,P10UT,DIFF,U2,U3,T3
WRITE(6,1O1)P1IN,P1OUT,DIFF,U2,U3,T3
CALL SWITCHt PlIN,P10UT,DUM, ΡΙΙΝΟ,ΡΙΟϋΤΟ)

...Second guess and begin loop

PlIN=PlINO-100.D0
DO 1000 1=1,N

CALL CONSRV(P1IN, P10UT,U2,U3 ,T3 )
DIFF=(PlIN-PIOUT)/PlIN*100.DO
HRITE( 5 ,101 )P1IN,P1OUT,DIFF,U2,U3 ,T3
WRITE(6 ,101 )P1IN,P1OUT,DIFF,U2,U3,T3

ο
 ω

 ω



C. . . I f  c a l cu l a t i on  has convergedft3“exit l oop ,  o therwise  make new guess
C

IF(DABS( P1IN-P10UT) .LE. 1 .D-θ  )G0 TO 10
CALL GUESS(P1INO ,P10UT0,PlIN,P10UT, PNEW)
CALL SWITCH (Pl IN, Pl OUT, PNEW, P1INO ,P1OUTO )

1000 CONTINUE
WRITEC 5 , 102 ) I ,P1IN,P1OUT
WRITEi 6 , 102 ) I ,P1IN,P1OUT

c
C. . .Ca lcu la te  volume and mass f lows
C

10 Q1=U1*A1
Q3=U3*A3
M1=P1OUT*K1
M3=K31*U3/T3
C=60.D0/.3048D0**3
Cl=2.  204622622*60.  DO
Q1CFM=Q1*C
Q3CFM=Q3*C
M3LBM=M3*C1
M1LBM=M1*C1
QRAT=Q3/Q1
MRAT=M3/M1
WRITE ( 5 , 1 03 ) QI , Q1CFM , Q3 , Q3CFM , Ml ,M1LBM ,M3 ,M3LBM , QRAT ,MRAT
WRITE( 6 , 103 ) QI ,Q1CFM,Q3 ,Q3CFM,M1 ,M1LBM,M3 ,M3LBM,QRAT,MRAT

C
C. . .  Format s ta tements
C

100 FORMAT (T15, ' S imple  E j ec to r  Pump Program' /T15,  27( ' - '  ) / / /
1 T10, ' Pl (guess  ) ' ,T25 , '  Pl ( ca lc  ) ' ,T41 , '%  Di f f ' ,
2 T56 , 'U2 '  ,T66 , 'U3 '  ,T77 , 'T3 ' /T12 , ' ( Pa) ' ,T27 , '  (Pa ) '  ,
3 T55 , '  (m/s) ' ,T65 , '  (m/s) ' ,T77,  ' (K) ' / /  )

101 FORMAT(T10 ,F9 . 2 ,T25 ,F9 . 2 ,T40 ,D8 . 1 ,T55 ,F5 . 2 ,T65 ,F5 . 2 ,T75 ,F6 . 2 )
102 F0RMAKT15, ' *****WARNING*****' /T15,

1 T15, 'Maximum number of i te ra t ions  has been reached:  ' , 13 /
2 T15, 'P l  ( gues s )  = ' , F9 .2 ,4X,  ' P l ( ca l c )  = ' , F9 .2 /
3 T15, ******************* )

103 F0RMAT( / /T15 ,  'Pr imary  volume f low: ' , 2X ,F7 .  3 , ' (m3 / s ) ' ,

0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011

1 5X,F7 .0 , '  ( c fm) ' /
1
3

T15 , 'Ex i t  volume f low
5X,F7 .0 , '  ( c fm) ' /

: ' , 2X ,F7 .3 , ' (m3/s)  ' ,

2
5

T15, 'P r imary  mass f low
5X,F6 .1 , '  ( I bm/min ) ' /

: ' , 2X ,F7 .3 , ' ( kg / s )  ' ,

3
5

T15 , 'Ex i t  mass f low
5X,F6 .1 , '  ( l bm/min ) ' /

: ' , 2X ,F7 .3 , ' ( kg / s )  ' ,

4 T15, 'Volume flow r a t io : ' ,T50 ,F5 .1 /
5 T15 , 'Mass  f low r a t i o : ' ,T50 ,F5 .1 )

STOP 'Happy e j ec t i ng '
END

C************************************
C* *
C* Subroutine C 0 N S R V *
C* *
C************************************

SUBROUTINE CONSRV(P1, P10UT,U2 ,U3 ,T3 )
IMPLICIT REAL*8 (A-Z)
C0MM0N/C0NST/K1 ,K2 ,K3 ,K31 ,K11 ,K4 ,K5 ,K6 ,P3 ,CP
U2=DSQRT(K6*(P3-P1)/P1)
U3DT3=P1*(K1+K2*U2)/K31
U3= ( Pl*( K11+K2*U2*U2 ) -K3 ) /K31/U3DT3



T3=U3/U3DT3 ~ A4 “
P10UT=K31AU3/T3*(CP*T3+U3*U3/2.DO) / (K4+K2*U2*(K5+U2*U2/2.D0) )
RETURN

0012
0013
0014
0015
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012

END
CAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
C* *
C* Subrou t ine  GUESS *
CA A
CAÀAAÀAAAAAÀAAAAAAAAAÀAAÀAAAAAAAAAAAAÀ

SUBROUTINE GUESS (X0 ,ΥΟ , XI ,Y1 , XNEW)
IMPLICIT REALAS (A-Z)
M=( Yl-YO) / (X1-X0)
XNEW= ( MAX1-Y1 ) / (M-l  .DO )
RETURN
END

C A A A A A A A A A A A A A A A AAA A A A A A A A A À A A A A A A AAA
CA A
CA Subroutine SWITCH A
CA A
C A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AAA A ΑΛ

SUBROUTINE SWITCH ( XI r Yl , XNEW, ΧΟ,ΥΟ)
IMPLICIT REAL A 8 (A-Z)
YO=Y1
X0=Xl
X1=XNEW
RETURN
END
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Appendix B

I te ra t ive  Interpol  atlon/Extrapolati  on
Technique to Determine New Inlet  Pressure

In the ejector pump analysis, a non-linear set of equations must be
solved given a guessed Input of Pp The set of equations are solved
when the guessed Pj equals the Pj calculated in the equations.
The ca l cu la t i on  s ta r ts  when two guesses of Pi are made with
corresponding calculated Pi, and then a third guess of Pi is made
based on these two previous pairs, with the objective of attaining

( PPguess ~ (Ppcalc
or

Plg * Plc

The s i tu t ion can be generalized as follows: given two inputs xi and
X2, with corresponding outputs yi and y2, where:

Xj .ne. yp

X2 .ne. y2,

xi .ne. X2,

I t  is desired to f ind X3 such that X3 » y3 based on a linear
interpolation between (χχ, yi) and (X2, yz) pairs. This is done by
finding the Intersection of the line defined by (x j ,  yi) and (X2, y2)»
and the line x « y, as shown 1n Figure Bl.

The i n te rsec t i on  is found by solv ing a set of two simultaneous
equations

(B2)y » x

(B3)

(B4)

y = mx + b

where

*2 - Λ
X2 - X1

(B5)b =- y1 - mxp



-B2-

Subtract ing (B2) from (B3) gives

mx ! -

m - 1
(B6)x 3

To f ind the value of Pjg which w i l l  y ie ld  Pig = Pj c , equation (B6) is
used where

x = P l g (B7)

y = P l c (B8)

p 2 _ p 1
m = (B9)

p ig - p !g

where the superscr ipts denote the ex i s t i ng  two guesses. Once Pig 3 1s
determined, the previous two guesses are updated as fo l lows to ensure
that the l a tes t  guesses are used to ca lcu la te  the next guess:

2 1
P lc “ >  P lc < B1 °>

p lg 2 ”>  p lg 1 (B11 )

p lg 3 p lg 2 < B12)

A new Pi c 1s calculated — this becomes Pi c 2 — and the process is
repeated un t i l  Pi c = Pig.

«
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y

X

F igure  B 1
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