





EUR 3253.e

EUROPEAN ATOMIC ENERGY COMMUNITY - EURATOM
REACTOR CENTRUM NEDERLAND - RCN

JET PUMPS

by

J.T. WILMAN
(RCN)

1966

Contract No. 007-61-6 PNIN



The present publication is one of a series giving more
detailed information on special subjects covered under
the NERO development programme carried out by the Reac=
tor Centrum Nederland in association with Euratom
(Contract No. 007=-61=-6 PNIN).

A general description of the design data and the
experimental work, which is aimed at the development
of a pressurized=water reactor for marine application,

is given in Euratom Reports:

"EUR 2180.e = NERO DEVELOPMENT PROGRAMME
Report covering the period January 1963 through June 1964"

"EUR 3125.e = NERO DEVELOPMENT PROGRAMME
Report covering the period of July 1964 to December 1965"

in which are listed also further publications in the

above-mentioned series.



FOREWORD

Jet pumps are basically simpic in construction
and have no moving parts; in many cases they can be
effectively used where the service conditions make it
impractical to use mechanical pumps.

As 1t may also be advantageous to use Jet pumps
in nuclear reactor cooling systems with internal re-
circulation a study orf jet pump behaviour was carried
out under a research contract with the Buropean Atonic
Energy Cowmunity (Contract no 007-61-6 PNIN; NERO
development programme, Reactor Centrum Nederland -
Buratom).

The results of this study are presented 1in this

report.

SUMMARY

In this report a theoretical study of the behaviour of jet pumps is made on
the basis of a simplified model. Experiments carried out with the object of
optimizing the performance of jet pumps are described. It is found that the
theoretically predicted results are in good agreement with the experimental
data for high performance jet pumps. Finally, it is shown how, for given
conditions, absolute jet pump dimensions can be calculated.
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JET PUMPS

A, INTRODUCTION (*)

An attempt was made to derive an equation by means
of which the behaviour of jet pumps can be predicted,

To verify the theoretical results a low pressure,
low temperature, experimental unit, having a jet pump as
principal component, was designed and constructed, A test
was performed at the Laboratory of Hydrodynamics at
Delft Technological University,

With the object of optimizing jet pump performance
tiie effects of internal changes to the experimental jet
pump were also determined,

B, THE JET PUMP

A jet pump (figure 1) is a device in which a
fluid flows through a driving nozzle which converts the
fluid pressure into a high-velocity jet stream; fluid
is continuously entrained from the suction section of
the jet pump by the jet stream emerging from the nozzle,
In the mixing tube the entrained fluid acquires part of
the energy of the motive fluid, In the diffuser the
velocity of the mixture is reconverted to pressure,

(*) Manuscript received on November 10, 1966
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the fluid velocity in the nozzle discharge tip,

the velocity of the entrained fluid in the
plane W (suction annulus),

a loss coefficient which applies to the flow
between the planes A and W,

a loss coefficient which applies to the flow
between the planes B and W,

The assumption is made that in the plane W just
downstream from the nozzle tip the total effective flow
area is equal to the cross-sectional area of the mixing

tube,

As the jet stream and the suction stream mix
between the plane W and the plane Z at the outlet end of
the mixing tube (figure 1), it follows from a consideration
of the. change in momentum between the planes W and Z that
in a steady state, to a good approximation,
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mass flow rate in the driving nozzle,

mass flow rate in the suction section of
jet pump, '

static pressure in the plane Z,

height of Z above the reference level 0-0,

-fluid velocity in the plane 2,

cross-sectional area of the mixing tube,

a loss coefficient which applies to the flow
between the planes W and Z,
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For the diffuser (Bernoulli's equation)
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P is the static pressure in the plane C,
hC is the height of C above the reference lcvel 0-0,
Vo 1s the fluid velocity in the plane c,

V.. is a loss coefficient which applies to the flow
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If Hg is the total pressure at B and Hy is the
total pressure at C, then

Pg +.§yghB + —%—Sw%

2

Hy = py + ?ghc + -ﬁ—g)vg .

Hence
Hp = Hg 5 Yz~ 5 Vs~ 5 V4

+ -%-31(1 + Kt)v127 + -%?(Km + Kd - 1)v§ .

As it was assumed that the total effective area in
the plane W is equal to Sm’ the mass flow rate C—2 may be
written as

G, =S';v_b(Sm - Ss) ’

where Ss is the area of the nozzle discharge tip.

Since
Gy = ?vsss and G‘1 + G2 =?vam .
it follows that

S S = Ss

2 2 >
Hp - Hy = Qvg "sig“’s ST PV T

+ -;3?(1 + Kt)vi + -;—S'\(Km + Kd - 1)v§ .
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The total pressure ratio T is defined by

Il

Tt = Hy = Hp
T H -
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THE EFFICIENCY OF A JET PUMP

The efficiency Y of a jet pump is defined by

Tl Q2( "HB)’
PRSI )
where
G G
1 2
Q1—-S:)— and Q2=?
Hernce
L4 G, (0, - &) = (I; - B3 G1HA-HB_1
HC - IB
oM
= o

The maximum jet pump efficiency is determined

by the maximum value of _ﬂ;“:_,r .

If a line through a point (4,Mq) of a jet pumyp
characteristic and the point (1,0) on the T{-axis (figure 2)
makes an angle iy with the J{-axis, then

M
tan y = o= =T >

where Y1 is the jet pump efficiency for the point (T(;, My’
of the characteristic,

[t can be seen from figure 2 that the lire in te -
sects the jet pump characteristic at two poiats; this e?r.s
that there are two different values of the mass flow I a1
G¥8 and M,) for the same jet pump efficiency,
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PR EXPEATMENTL] BEOQUTERHENT

The experimental urit is schematically representcd
irn figure 3; the principal components were a jet pump, &
tank, a motor-driven centrifugal pump and a TI-tube mano-
meter board,

The jet pump mainly consisted of a conical driving
nozzie, a cylindrical mixing tube and a cone-shaped
diffuser (figure 1),

Water was the fiuld used in the experimental unit;
tne centrifugal pump had a capacity of 0,013 m3/sec at a
total head of approximately 50 m, The pump motor required
a 380-volt, 3-phase, 5C-cycle power supply.

A diagrar. of the flow system is shown in figure 4,
The system is chairacterized by the positions

A just upstream rom the driving nozzle,

B in the suction section of the jet pump,

C at the diffuser outlet,

D in the tank,

¥ in the suction nozzle of the centrifucgal pump,

" in the discharge nozzle of the centrifusal pump,

1t is seen from Tigure 4 that the system consists
4 pump circuit P A C D E T (mass flow rate Gq) and a jet
pump cireuit ¢ D B C (mass flow rate (ip); these circuits
are coupled by the jet pump.

4y

-0

#low rates could be controlled by valves in the nump
digcharge and bypass lines, in the Jjet pump suction line
and in the jet pump discharge line (figure 3).

"™e Tlow rates could be determined by means of an
ifice plate Cq in the pump discharge line and an orifice
late Op in the jet pump discharge line.
To measure the pressurc drops across the orifice
piates U-tube manometers were uced,

The ecXperimental unit permitted constant temperature
operation; it was possible to increase the temperature by
mcans of electric heating elements, The maximum operating
semperature was about 65°C,
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THE TEST

The experimental equipment was found to operate
csatisfactorily,

The test was performed in 13 phases, In each phase
many test runs were made at different conditions,

#"low rates (fluid velocities) were easily controlied
over the entvire range of operation by means of the control
valves in the system,

Readings of all U-tube manometers and pressure
~auges (figure 3) were taken during each test run,

Three different driving nozzles were used during the
test; with these nozzles the values of the diameter ratio
of the jet pump were 0,439, 0,403 and 0,339, respcctively,

During phase I only preliminary measurcments wvere
made; the internal surfaces of the jet pump were relatively
roush (galvenized),

ATter phase 1 the internal surfaces of the jet rump
compenents were normally polished,

During the phases II and III the driving nozzlc wes
supperted in the suction section of the jet pump
(down-stream from the plane B; figures 1 and 5) by three
radial plates parallel to the flow, These supporting plates
were removed aftecr phase 111,

After phase VI the radivs r of the rounding of the
mixing tube entrance (figure 5) was changed from r = 5 ﬂm
to r =0,5 4. “

In phase IX the fluid temperature (t) was maintained
at 57003 during all other phases the temperature was 25°C,

It was possible to vary the eccentricity of the jet
pump driving nowszie, Test rurs were made at three different
vialues of the eccentricity ratio e, which is defined by

o o x radial dispiacement from the concentric positicn

dm - dg

The distance lg between the nouzzle discharge tip and
the beginning of the mixing tube (figure 5) could almo le
varied, In phase XIT the distance 1, was equal to C.4 d;;
in all other phases the distance lg was about 0.7 dy.

As the performance of the drivirng nozzle and the
efficiency of the diffuser were found to be excellent no
turther investigations were made into the effeet of design
changes to the nozzle and the diffuser,

The conditions during each phase of the test are
summarized in table 1,
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TEST (kU LS

Test resulls are given in the tables 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, 12 and 13 (Appendix). The tabulated values
of Ep - Ep, vg, & and 5 were calculated from the test
readings by means of the expressions derived in the Appendix
("Reduction of the test data").

The values of M and JU were used in determining jet
pump characteristic curves; in the figures 6, 7, 8, 10, 11,
13 and 16 these experimentally determined curves are shown,

The jet pump had a conical driving nozzle with smooth
internal and external surfaces, The length 1, of the conical
part of the nozzle (figure 5) was equal to about 6 times .the
diameter dg of the discharge tip; the average convergence
angle X was 13°, As this type of nozzle showed excellent dis-
charging properties no other types were tested,

From figure 6 (phases II and IV) it is scen that thin
viates supporting the nozzle may have a favourable erffect on
the shape of the jet pump characteristic, Avpparently the
supporting plates act as guide vanes,

Pigure 7 (phases VI and VII) shows the effect of a
change in the radius r of the rounding of the mixing tube
entrance (r = 5 dgp and r = 0.5 dp).

Effects of the velocity vs in the nozzle dischargse tip
are shown in figure 10 and figure 11 (phases IV and VIIT,
respectively).

The results shown in figure 12 (phases VITI and 1Y)
nppear to indicate that the effect of temperature (density,
viscosity) is negligible,

" Jet pump characteristics (6 = 0,403) for three diffe-
rent values of the eccentricity ratio e (e = 0,16, pthase VII;
e = 0, phase X and e = 0,35, phase XI) are shown in figure 8,
It is seen from this figure that eccentricity of the nozzle
does not exhibit a significant effect for small values of the
eccentricity ratio (up to about e = 0,16),

High jet pump efficiency was obtained for leg = 0,7 dp.
¥rom fisure 13 (phases X and XIII) it can be easily deter-
mired that

for 6 = 0,403 the maXimum efficiency is ‘1;“3 = 35.¢,
for 6 = 0,339 the maximum efficiency is-gg%ié—T = 35,56,

The effect of small variations in the distunce 1g
(between the nozzle tip and the beginning of the nrixing tubve,
appears to be negligible, From figure 9 (phases X ard XII) it
can be seen that for a diameter ratio equal to G,403 even =
decrease of le by about 40#% (le from 0,7 &y to 0.4 dp) does
not affect the shape of the jet pump characteristic.

The length 1z of the mixing tuve (figure 5) was 8 times
the diameter dp. ring all test runs at high jet pump
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efficiency the static pressure exhibited a maximum near the
outlet end of the mixing tube (figure 14); this means that
with the chosen length complete mixing is attained, In a
longer tube the static pressure will decrease again toward
the outlet end due to frictional losses; this will result
in a decrease in jet pump efficiency. It is evident, there-
rore, that for a jet pump of good performance the length 1,
of the mixing tube is equal to about 8 dp.

The length 13 of the cone-shaped diffuser (figuge 5)
was equal to about 10 dp; the divergence angle 3 was T,
buring the first phases of the test it was found that the
cfficiency of the diffuser ranged from 0,80 to 0,90,
As the efficiency of a good diffuser is about 0,85 no
further investigations were made into the effect of design
changes to the diffuser,



Phases TandIl : Supporting plates

in suction section

PHASE ® TABLE|FIGURE
0.403 1 0333 | 016 035 | Sdm 07dm
D S S O I O 1 B O 21 10O . | O — | =
oo 1O 1Ol ]O. 2 6
T 0190 O O O L
™ | O | | O O @) O 4 6.10
X 1 010 O O O 5 —
' O O 107 160 O 6 7
g O O_| O 10 Q. 7 | 78
yoor | O O O 10 O 8 1,12
x | O O O |10 , g 12
X | @, @, O 10 @, 10 [891316
pal O 1.0 OIS, O 1 8
X @) | O @ O 12 9
XTI | O ©) O | O O 13 | 1316
All phases : lm=8dm . L4 =10dm Phase I : Internal surfaces _relatively rough (galvanized)

Other phases :Internal surfaces smooth (normaily polished)

TABLE 1

- ¥c -
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I. LVATUATION OF THE THEORETICAL LOSS COEWWICIENTS

1,1, Evaluation of Kp

It is a gocd idealization to assume that ir the
mixing tube the pressure loss Ap, due to friction is

e

- 3. 2
App, = fmd . "‘S’va ’

where

is a friction factor,

L is the effective length of the mixing tube,
v, is the average velocity along the wall of the

mixing tube.

If, for simplicity, it is assumed that (fisure

it follows that

V -
o L a % -
ap, =T .= (5 + 3 =) .-~?vr .
H (! = 'L -
! m o 7
‘e pressure loss in the nixing tube waz alszo riiien
- . 2
..‘.‘,.nl . < ?VZ .
tHonce
. 2
T = L (l_ + 1 Vt -
fm =t e g (v )
m Z
- 25 -

- 28 -
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Sjvsbs +?vt(sm - 5g) =SijDm
it can be found that

o~
[~] ") 3
S

Jince v - ve >0, 1t follows that

or —_— < ]

that
Vi
;f—- = 0,5 and I = 0,75 .Lm "
Z
Then
0.75 1
- * Ll 3, 1 2
'\m = fm | (:: + o X 0-5) .

For a suivoth internal surface of The mixins tube
-y

the value of the friction Tactor fm may ve taken as 0,072,

1
Consequently, if EE = 8,
I
: >
F~m = 00018 X 0075 X 8 (2; + 'I. X 005); =

G.016 x 0.75 x 8 x 0.752 = 0.06 .
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1.2, Evaluation of Kd

The efficiency'rld of the diffuser (figure 1)
is defined by

_ (pg *pshg) - pz +0ghy)
e 2 ?(Vz = Vc)

Therefore

(pg +§‘5hc) - (pg + (ehy z) —nd.-,,ga(v - v§>

It was already seen that for the diffuser

ry = B = -ty - o) - Ip(vf - )+ g

or
(po +?ghc) - (v, +Pghz) = 1g)(v% - g - K. ?VZ
Hence
Tld.ﬁc(vg - vg = }?(vg - vg) - By ?vg
or

Ky = (1 -qd){1 _(%)2}

Since ?VCSC = VVZSm ’

it follows that

.‘.’9___33:(%)2,
Yz *c g

where d,. is the diameter of the diffuser outlet

(figure 5).
Kq = (1 ‘*Id){1 '(?ﬂ

T"herefore

o
S———’
S
N s
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If the length 13 of the cone-shaped diffusgr
is equal to 10 dp and the divergence angle 3 is 7
(figure 5), then it can be readily found that

B
d + 21, tany =

Q
]

=d_+ 20 d_ tan 3930"

= (1 + 20 x 0,0612) dm

Hence

1
= L-f.zz

QIQ
(G =]

The average valuc of the diffuser efficiesuncy
Na Was found to be about 0,85,

Consequently

_ 4 \4
K.d=(1—qd){1-(\-a-5/ }:

(1 - 0.85){1 _(?_?_2_2>4}=

0,14
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I.3., Evaiuation of Kg and Ky

From the derived expression for the total
rressure ratio U it follows that the total pressure

ratio for ua = 0, represented by (T(LA=O , 1s given by

1 + Ks

1 =
(=0 2&% - (1 + K+ K&

Hence
Ks=(7r3u=o{ 267 - (1 + K_+ Rd)64} - 1

As it was found that Km = 0,06 and ¥
it follows that

q°= 0,14,

1+ K + K 1.2
m

q =
and

Ky = (7)o (26° - 1.26%) -1 .

The value of (JU),-g is represented by the polil
nt which the jet pum§ characteristic curve intersects
the J(-axis (figure 22),

"ron: the experimentaily determined jet pump
characteristics it is readily seen that

(TTZuzo = 4,95 for é = 0,339 (figures 13 and i%;,
(1), 0 = 3.60 for § = 0,403 (figures 7, 8, 13 and 15},
(TTLAzo = 3,05 for 6 = 0.439 (figures 6, 10 anda 11},

from these conditions the average value Jor ig
is found to e about 0.CS5, _
The loss coefficient Kt may be taken egual to K _:

Ks = Kt = 0,05
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J., CHACZACTERISTICS AND MAXTNUL EFVTICIENCY

Upon inserting the values

Ks = 0,05, Kt = 0,05, Km = 0,06 and Kd = 0,14

into the derived expression for the total pressure ratio 7,
the result is

1,05 = 1.05:° —-ﬁﬂ
(1 - &)

T =

5 1 /3 )
26( -+ 2.112 1__§_—6—2 - 1.05.&(,2 (T:%?—\’? - 1.2(1 +J,{)2 64

By means of this expression theoretical characte-
ristics (um as a function of ) were determined for
§$= 0,403 and 6= 0.339,
It can be seen from figure 15 and figure 16 that these
characteristics agree excellently with the experimentally
found characteristic curves for e = O, r = 0,5 dp,
le = 0,7 dm, 1Im = 8 dm &nd 14 = 10 dp (phases X and XIII),

Theoretical characteristics for other wvslues of
were also found to be in good agreement with experimental
results,

Therefore, characteristics of the tested type of
jet pump can be predicted to a high degree of accuracy by
means of the expression

4
(1+K_) - (1+Kt)u‘2 ——62—?
S (1-8%)

7 ’
282 + 2uf _‘57 - (1+Kt)_u‘2 —(1—_27-)7 - (1+Km+Kd)(1+.u)284

where

v, =0.05, K =0,05 K =006 and Kg = 0.14

s t d

In figure 17 theoretical characteristics are given
for nine different values of the diameter ratio §, nanely,
002, 0025, 003, 004, 005, 006, 007, 0'8 and 009o
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'or each of thece 5 values the relationship between
the jet pump efficiency'q and the mass flow ratio .uu could
2230 be calculated since q is defined by

oM
=55

The results are shown in figure 18; it is seen from
tnis figure that the maximum efficiency is dependent upon
the value of the diameter ratio &,

In figure 19 the maximum jet pump efficiency'qm is
given as a function of 5.

The mass flow ratio at maximum erfficiency Lum) as a
function of the diameter ratio § is shown in figure 20; the
total pressure ratio at maximum efficiency (1Tm7 as a
function of 8§ is also shown,

1t is evident from the figures 18 and 19 that the
maximum efficiency is as high as 0,374 for a § value of
about 0,533 the maximum efficiency is in excess of 0,30 in
the range between the § values of 0,27 and C,77.
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¥, UsTeERiTMATION OF ABSOLUTE DIMENSIONS

It was seen that in a steady state

4
H, - Hy = ;?Vg{ﬁ v K - (1 + Kt).u‘?———é—é-?}
(1 - 8%

or
H, - Hy = 0.30v2
o= By =Qs0vs
where
.2 &
({):(1 +I{S)-(1+r\.t).u m

Since the total pressure ratio 7U is deflined by

- Hy
M=
H, - H

C B
it follows that

T(Hy - Hp) = Q.pvg

or

i'rom
G -
~ _ 1 _ 3,14 ‘
SVS = ? and ‘g T 7 (
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Upon inserting the derived expression for Ve ,the
result is

4
¢

a = 1.1 |/G :

s A 2vﬂﬂ% - Hp)

If in a system (figure 4), at maximum jet pump
efficiency, the required valucs of the mass flow rates are
G, and G2, then the value of the mass flow ratio is

The value of the diameter ratio & for maximum jet .
pump efficiency at the required value of the mass Tlow ratio
My can be found from figure 20; for these values of My and
the value of the total pressure ratio T{p can also be found,

For this case the value of the coefficient Q is

5 4
@ = (1 + Ks) - (1 + Kt)u; 6

The difference in total pressure at C 2aad B (fisuce 4)
is equal to the sum of the separate pressure lossecs due %o
friction and to changes in velocity resulting from gradual or
ﬂbrupt changes in the cross-sectional area of the fiuid
ouduit CIB; hence the pressure loss Hy - Iy at the required
fiow rates can be predicted from the surface roughness and
tiie shape and size of the fluid passages of the conduvit CNB,

3ince § is defined by

~
u

S

:'5
.O\I
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Otlier dimensions can be determined from dg and dp
since for the considered type of jet pump (figure 5)

1 =64, 1, ,=0,74d , 1 =84 , 1,=104d_,

n S e m m ! d m
r=0,5d ,X-= 10°-15° |, B = 7°,
Example

If it is required that, at maximum jet pump
ctficiency, the mass flow rates Gq and Gp are 12,2 kg /sec
and 19,7 k;/sec, respectively, then the required mass flow

ratio vum is

_ 2 _ 19,7 _
My = Gy~ T2.2 ~ .61 .

It is seen rfrom figure 20 that for tihae wup value of
1,61 the diamcter ratio § is 0,43; for these values of
and the value of the total pressure ratio‘ﬂﬁ is seen
to be about 5.5, -

- _ SR S . e v - Y =0 oE
for w, = 1.61 the coefficient @ is, it ¥ kt 0,05,

S

o= (1+ ) - (1 + Kt)ﬂi—(-’l—_—g%? =

2 0.43

= 1,05 - 1,05 x 1,61 o
(1 - 0,439

- . . . o .2 ‘
If the fluid density is taken as 75C kz/w” ani the
2 . - _ .
nressure 1oss HC - HB as 50 000 N/m , 1t foilows that the

viameter of the nozzie tip is
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fo))
t

4
_ ¢ _
. 1.13VG’1 l/2g’7rm<PIc-HB) -

4

0,91 _ -
_1.,13 12.2 V2 < 750 X %m =0,0271 m =

]

27.17 om .

The diameter of the mixing tube is

d
q = 8 _27.1 _
dm-‘s—m—63.0mm

"or the considered type of jet pump ({fimure 5)

Ip=06dg, 1,=0.74,, 1, =84d,, 13=104,,
r=0,5a ,oc=10°15°, B=1°
It follows, therefore, that

1, = 163 mm , 1, = 44 mn , 1, = 504 mu , 1, = 630

r= 31 mm,
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Lo CONCLUSLOLIS

a, The performance of a jet pump is dependent upon the
shape of the jet pump characteristiec,

b. The characteristic of a jet pump with a given diameter
ratio & can be predicted by means of the equation

, o &
(‘l+ks)-(‘l+Kt).,u m
262+2~u2~—§i? - (14K )¢u2-———§i—g (1K) (1) 264

m=

good agreement with experimentally found cheracteristics
of high-performance jet pumps was obtaired for

K, = 0,05, K =0,05, K =0,06 end Iy =0.14,

¢, Hish jet pump performance was attained when the following
conditions were satisfied (figure 5):

ln = 6 ds
< = 10°-15°
e < 0,16

r = 0,5 dm
le = 0,7 dm
lm = 8 dm
ld = 10 dm
B = 1° .

Internal surfaces: Smooth (normally polished),
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d, JFor a gsiven type of jet pump the maximum efficiency is
dependent upon the value of the diameter ratio,

e, An efficiency in excess of 0,37 can be realized,
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APPETDIX

1, Reduction of the test data

1.1, Tressure losses

The difference in total pressure at two points
(the pressure loss between two points) can be deter-
mined by means of a U-tube manomneter,.

I7 a U-tube ranometer is connrected to static
pressure taps located at X and D (figure 5), taen

g © 06y = hp) + p3lyy = 2y ¢ QB

where

Py 1is the static pressure at 1z,

ko]

D is the static pressure at 0,
is the density of the fluid,

the density of the manometer fluia,

CQ—;D-/D
'_J.
9]

is the acceleration due ©To gravity,

R

X is the height of X above the reference
level 0-0,

D is the height c¢f D above the reference
level 0-0,

EXD is the manometer deflection.

dence
pg = Pp * (&g = np) = (= Q)eByy -

If v, and v, arc the fluid velocities at
anrd D, respectively, the total pressure Hﬁ at X 1i:

[

N

FS

Hy = py + Oghy + g?v
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and the total pressure HD at D is

oihn
[ ]

HD = pp + VghD + ;?V

Therefore, the pressure loss between X and D is

3 2
PX - pD + ?g(hX - h.D) + ,?(V;% - VD) =

!

x = H

D

(Pm - ?).gEXD + }?(V% - V_,2)) .

The difference in total pressure at twe points
(the pressure loss between two points) can also he
calculated .from the readings of two separate pressure
cauges,

If a pressure gauge My is connected to 2
pressure tap located at A and a pressurc gauge il is
connected to a pressure tap located at D (figure'S),
then

¥

EA is the reading of the pressure gauge 1,
ED is the reading of the pressure gauge MD,
Py is the static pressure at 4,

hA is the height of A above the reference
level 0-0,

hMA is the height of the pressure gaug=2 KA
above the reference level 0-0,

hMD is the height of .the pressure gauge I,
) above the reference level 0-0, -

Hence

Py = Pp * 08lby - hp) = By = By« 0elly) - byl
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Lf
vy is the fluid velocity at A,
H, is the total pressure at A,

HD is the total pressure at D,
tienn the pressure loss between A and D is

H

' H

Lal(ve 2y
p = Pa- PptOEhy - hp) + 20(vy = vp) =

E, = B+ Cg(hl.,l.A - hyp) + ;’Q(VA - v,
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1.2. Nnss flow rates

Orifice plates Oq and Op (figure 3) were used
to determine the mass flow rates G, and G, + G,,
respectively (figures 1 and 4),

If

Aapq is the static pressure drop across the
orifice plate O,

Ap, is the static pressure drop across the
orifice plate O,,

then the mass flow rates G1 and G1 + G, are given by

<

d01 / ZVAP.] ,

m
02+ 7 Y2 |/ 208P2

4
N

where

C<O1 andcx'o2 are flow coefficients for the orifice
plates O, and 02, respectively,

do1 and d02 are the diameters of the orifices in
the plates O1 and O?, respectively,

If U=-tube manometers are used to determirnie She
static pressure differences across the orifice plates
O1 and 02, then

APq = (gﬁ.' V)gEO1 '
APy = (?m - ?)gEog ’

vwhere EO1 and E82 are the manometer defiections Tor the
orifice plates ’ and 0,, respectively.
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Hence

m =
- d('2)1 V2§’((’m -?)g Vﬁ'o1 ’

o
—t
Y

n
Gy + Gy =cXgp. 7 85, V2?(Qm - Qe VEoz '
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1.3. The mass flow ratio

The mass flow ratiow is defined by
.Gy

J«A:G—{ .

It was already found that

=o(02 .l} d§2 /2?(?11,, - ?)g (/Eog ’

T 2 = /o
G ‘°<o1-zdco>1 /Zg’(g’m-?)fs' ‘ﬂm
Hence
~M=(jf=£}—]—%;f2— 1 =
L
oz - %, /206, - 928 |//30, _ 1
m -
1.7 @ 451 lﬁ?((’m‘ﬂ”g V’“m
or
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1.4, Velocities

The fluid velocity vg in the discharge tip of
the driving nozzle (figures 1 and 5) is

S m S

2
. - G1 ) EE G ) dm Gl ) . ql
s?‘S';oFS" 'a'“?om 62?“)’
where

G, is the mass flow rate in the driving nozzle,

d_ and dm are the diameters of the nozzle tip
and the mixing tube, respectively,

S and S_ are the flow areas of the nozzle tip
and the mixing tube, respectively,

§ is the diameter ratio, defined by

d
S
§= 3

=

Is was already found that

Gy =0yq - L4r 461 l/zg’(?m - (’)5 VEm ;

it follows, therefore, that

1 m.2 1

Vg T @ o1 7 901 VZ(Qm ‘Q)g ‘ﬁ o1

m

The velocity vy at the outlet end of the mixing
tube (figure 5) is
G, + G
vy = 1 2 ,

T

where 62 is the mass flow rate in the suction section
of the jet pump,
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Hence
Gy
vy = (1 +~M)§g- ’

m

where u is the mass flow ratio, defined by

G
_ 2
wd = G—1- .
If
SA is the cross-sectional area upstream from
- the driving nozzle at A,
SB is the flow area in the suction section
at E,
SC is the flow area at the diffuser outlet
at C,
then
G1 G1 Sm
V), = = = o
A ?QA (’»Jm IJA 4
= ——— = = ST .
.B ?L’B VSB ?Om \.B
G1 + G2 (1 +Ju)G1 G1 im
v‘C = o = = = (1 +..u) 5T -—
{=c {>c 0% ¢

2 ~ 2
vy = (1 +.A.()8‘v,3 , VA=—-I—n6vs
- JJ\.
Sm 2 Sm 2
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1.5, ‘the total pressure ratio

The total pressure ratio T is defined by

HA - HB

= -1y °

where (figures 1 and 5)

HA is the total pressure in the plane A,

Hy is the total pressure in the plane B,

H, is the total pressure in the plane C,

C

The ratio 7T may also be written as

1T = (1 - _H_'D) - (g - Hy)
(HC - hD) - (:IB - L{D) '

where HD is the total pressure at D.

To determine the difference in total pressure
at A and D separate spring-type gauges Rk and HD‘were
used (figures 3 and 5?. :

The difference in total pressure at C and D and
the difference in total pressure at B and D were
determined by means of U-tube manometers (figure 3).
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Hence
(H, - Hp) = (Hy - Hy)

= =
(HC - HD) - (HB - HD)

{Ep-Ept 0z (hyy=hyp) +3 ?(V}%"VJZ))} -{(Q P gEBD*%(’(V%'V%)}
{ (o= () &Bopt= (¢ vG-vi)} - {‘(’m‘ () eBppra(X vg-vp)}

EA'ED+Cg (hyy=hy )= Q- P eBp i Vi'vlg)

(O (e (B p-Egp) (X vG-v3)

where

A and ED are the readings of the pressure
auges M, and I,, respectivel;
3 A DL bt Vs

E is the deflection of the U-tube manoneter
BD ; . _
which is connected to pressure taps
located at B and D,
E(TD is the deflection of the U-tube manoreter
~ which is connected to pressure taps
located at C and D,

hMAvis the height of the pressure gauge i,
above the reference level 0-0,

hyp is the height of the pressure gauge Iy
above the reference level 0-0,

Va is the fluid velocity at A,
vy is the fluid velocity at B,
Vo 1s the fluid velocity at C,
vy is the fluid velocity at D,

Consequently, the values of the total pressure
ratio T can be calculated from the readings Eyq, Ego,

EA’ ED’ EBD and ECD by means of the Tollowing equations:



<
Q
i
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.SE} (1 +.u)82vs

1 2
+ 0alhy, - hyp) = (g = Q)&F BD * Q0 - v

2

(0n = 0V&(Egp = Bgp) + ~2¢<vc - v3)
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1.6, Significant data

a, Orifice plates (figure 3)

Flow coefficient for
orifice plate O, :c<o1 = 0,656

Flow coefficient for
orifice plate 0, :c(o2 = 0,649

Diameter of orifice 3

in plate O, : dgq = 48,95 x 107 m
Diameter of orifice
in plate O2

dp, = 83.26 x 10=3 n

b. U-tube manometers (fisure 3)

Density of manometer fluid 3
(mercury) : Qm = 13600 kg/m

(Acceleration due to gravity: g = 9.81 m/secg)

‘¢, Jet pump (figures 1, 3 and 5)

Diameter of mixing tube :d, = 60,1 x 1073

Flow area at Z : 5, = 28.4 x 107" 0
Flow area at A : 5, = 19.6 x 1074 n?
Flow area at B : 55 = 112 x 10~4 n?
Flow area at C : S, = 140 x 1074 n®

Q

d., Pressure gauges (firures 3 and 5)

Vertical distance between .
pressure gaugzes MA and MD : hMA - hND = 0,9 m

2. Tables 2 to 13
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'] Bom  E;z Ex-Ep Ecp Egp | Vs
PHASE IL . "; T ' m ) M X | FIGURE
C |cm Hg cm Hg /m2 cmHg cm Hg /sec

25 135.8 4.4 199072 60,6 0 21.4 C,01 2,99
25 135.8 5.5 129206 58,3 0 21.4 0,12 3,10

& = g‘:gg 25 [35.8 7.9 199520 54.9 - 0.4 |21.4 0.35 3.29
e = .
r o= 54 25 [35.9 9.9 199606 51.4 - 0,9 [21.4 0.51 3.47T
o
1, = 0.7 & |25 (34.7 12.7 189262 43.2 - 2.1 |21.1 C.74 3.85 ®
im - 12 Zm 25 | 34.9 16,7 191224 3E.7 - 3.1 |21.1 0,98 4,22
d m o125 |3€.7 2¢.9 193273 35.5 - 4.5 | 21.7 1.16 4.50
25 |37.4 27.9 137967 24.6 - 7.3 {21.8 1.48 5.60
TABLE 2
PHASE II : fn En EaFp Eco Ego | Vs FIGURE
—Aet A ° BV P19 FIGURE
C |cm Hg cm Hg N/m2 cmHg cm Hg m/seq
25 8.1 1.1 147079 25.6 0 16,8 0,05 5,03
25| 8.1 1.6 147079 '22.7 0 16.8 . 0,27 5.21
25| 8.2 2.9 146098 ‘22,5 - 0.4 |16.9 0.71 5.60
25| 8.2 4.3 145117 20,7 - 0.9 |16.9 1.08 5.93|
25| 8.3 7.1 145117 16.8 - 2.2 |17.1 1,66 .6.80
25| 8.5 9.0 143155 14,5 - 3,2 |17.3 1.96 7.27
(25| 8.6 11,2 142174 11,6 - 4.2 [17.2 2.26 '8.16
6 =0.339 5 (45,3 1.9 273800 48.3 0 |23.2 0.01 4.94
[¢] = 0.16 25 15.3 302 277819 45.7 - 001 2302 I 0031 5.17
r m [25]15.4 7.9 277105 39.4 - 1.2 [23.2 1,06 5.85| __
1e = 0,7 dm 25 | 15.5 9.4 276391 37.% - 1,7|23.3 1.23 6,06
m m |25 ]|16.0 12.9 274386 26.7 - 5.2 |23.7 2.12 7.47
1= 10a  |25|16.1 22,9 272285 22.4 - 6.8 |23.8 2.42 8.16
25 120.0 2.9 358975 €1.9 O 26.4 0,09 4,91  ~
25 [20.7 5.0 357013 5.3 - C.4|26.4 0.44 5.19
25 | 20.0 £.5 357013 56,2 - 0.7]2¢.4 O.64 €©.35
25 | 2001 11.2 351127 50.2 - 2.3 |26.5 1.14 5.71|
25 | 20,4 12,9 351127 45.3 - 4.8 |26.7 1.45 6.04
25 20.” 2¢,3 351127 39,2 - 6.1[26.5 1.85 6.70
25 | 2c.6 25.8 351127 32,0 - &.7{27.0 2,2 7.52
25 | 21,0 29.9 351127 26.2 =10.9|77.1 2.45 8.17

TABLE 3
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Y | Boo Eoz Ea-Ep Ecp Egp | ¥
PHASEIX |~ | N, m, . d T |FIGURE
C |cm Hg cm Hg m? cm Hg cm Hg /sec
2 20,2 2.5 111230 34,1 . O 16.1 0,01 3,02
25 | 20,2 3.3 111230 32.6 0 16.1 0.16 3.16
25 |20.2 4,1 111230 31,2 - 0.1 }|16.1 0.29 3.29
25 (20,2 5.1 111230 29.6 -~ 0.3 |16.1 0.44 3.48
25 20,2 6.7 110249 27.0 - 0,8 {16.1 0,65 3.69 10
25 120.4 8.3 110249 24,4 - 1,2 |16,2 0.83 4,03
25 | 20,8 10,3 106518 21,6 - 1,9 |16.,3 1.02 4.42
25 (21,0 12,7 108518 -17.5 - 2,7 |16.4 1.23 5.19
& = 0.439 25 |21.2 14,7 103613 13,5 - 3,5 |16.5 1.39 5.954h o
e = 0.16 25 | 34.2 4.9 189441 55,8 0 2¢,9 0.08 3,09
r = 5 dm 25 [34.2 7.5 190422 52,1 - 0,3 |2c.9 0.34 3.32
e ¢ m 25 [34.4 11,7 1357479 45.2 - 1.4 |21.0 0.57 3.70 6,10
lm = 8 dm 25 |34.6 13.7 186498 42,4 - 2.0 (21,0 0,30 3.84
1. = 10 4 25 |34.8 16,0 185654 38,6 - 2.6 |21.1 0.95 4.17
d m 25 |35.1 2C,1 181730 31,7 - 4.0 |21.2 1,18 4.76
25 |35.4 25,1 177090 22,8 - 6.0 j21.2 1.41 5,81
25 143.2 6.C 236491 7C.4 - 0,1 |23.6 0,06 3,05
25 143.0 10,4 237510 63.4 - C.7 |23.5 0.41 3.35
25 143.3 15.7 235548 55.5 - 2.0 |23.6 0,73 3.73 10
25 |43.7 19.7 232605 49,0 - 3,2 |23.7 0.92 4.09
25 [44.2 25,9 225875 38.3 - 5.4 |23.8 1,20 4.80
TABLE &
t Eo Eo2 Ea-Ep Eco Egp Vs x| c
PHASE Y i L - - ) NV IGUR
c |em Hg cm Hg N/m2 cmHg cm Hg ™/sec
25 | 14,2 1.8 258513 44.9 0 22,3 0,02 4.95
25 | 14.3 5.1 260930 39.4 - C.,5|22.4 0,71 5.54
25 | 14,5 8.8 2672183 34,7 - 1.7 ]|22.6 1.23 6.12 _
6 = 0,339 25 | 14,5 11,2 257748 32,0 - 2,5 |22.6 1,50 6,49
e = 0.16 25 | 14.7 14.3 257042 27,8 - 3.7 122.7 1.83 17.07
* 25 |14.9 17.5 256061 23,1 - 5.,0122,9 2,11 7.93
r = 54, |25 [15.0 20,3 256453 19.2 - A,1}22,9 2,34 8.85| |
1_=0.74d 25 | 21.6 2.2 367603 67,6 O 27.5 90.03 4.867
1° 8 dm 25 | 21.5 5.1 387868 63,1 - 0.1 1}127.% 0.39 5,20
ld a 10 4 25 121.5 11,9 38G142 54,2 - 2,2 {27.6 1,12 5,86 _
B |25 22,0 16.3 396255 48.7 - 3.6 |27.7 1.47 6.32
25 | 22.2 22,6 379264 40,4 -6.,0127.8 1,90 17,03
25 122.4 26.5 379529 34.7 - 7.7 |28.0 2.13 7.73
25 [ 22,5 30,4 379529 29,3 - 9.4 |28,1 2,34 8.51

TABLE 5




- 57 -

t ] Bn Ep Ep-Ep Ecg  Egg | Vs
PHASE ¥T - N c u Tt |FIGURE
T lemHg emHg  Mm2 ‘emHg em Hg| ™sec
25 | 22.8 3.0 : 194167 47.8 0 20,1 0,04 3.66
25 |22.8 3.4 196129 46.5 O |20.1 0,11 3.77
5 = 0,403 ‘ ‘
o 0.16 25 | 22.8 | 4,8 196129 ‘44.9 - 0,2]20,1 0,32 3.86
r = s5a_ |25]23.0 7.0 194167 41.5 - 0.6|20.2 0.58 4.10
1,=0.73a, |25]|23.1 10.0 192472 37.2 - 1.5|20.2 0.89 4.45| '
= d .
im 12 d“‘ 25| 23.4 13.6 190510 32,4 - 2,5]20.4 1,20 4.91
d =
"2 23,7 17.2 187567 26.9 - 3.9 20.5 1.45 5.54
25 [ 23.9 21.7 184665 20.0 - 5.6|20.6 1.74 6.62
TABLE 6
t En Eo2 Ea-Ep: Ecp Egp Vs
PHASE ¥ | N ‘ A4 T |FIGURE
C {cm Hg cm Hg /m2 cmHg cm Hg m/sec
25 123.3 3.1 202149 49,6 . 0 20,3 0,05 3.61
25 [23.4 4.3 201168 47,0 0 |20.3 0.23 3.79
& = 0.403 |
e < 0.16 25 [23.4 6.7 200127 43,3 - 0,6 |20.3 :0.53 4,04
r =0.5d  [25|23.6 9.7 200187 38.9 - 1.4 |20.4 0.04 :4.42 ’e
1o = O'Z ‘w |25 [23.7 12,7 199206 35.0 - 2.4 [20.5 1.10 4.77 |
l = d
1" = 10 4q |25 ]23.7 15.1 199206 30,5 - 3.8 |20.5 1.36 5.24
4 m
25 |23.8 19.3 197244 25.6 - 5,3 [20.6 1,62 5.81
25 |23.9 23.4 196263 20.8 - 6.8 [20.6 1.84 6.52

TABLE 7
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. t Em Eo2 Ea—-Ep E¢p Epp Vs
PHASE WIT | , N L 4 Tt | FIGURE
C |cm Hg cm Hg /2 cmHg cm Hg /sec
25 | 20.5 2.8 113992 34.5 O |16.2 0.06 3.08
25 | 20.5 3.9 113992 32.1 0 16,2 0,25 3.31
25 20,5 5,3 113011 29.8 - 0,3 [16.2 0,45 3,51
25 |20.6 7.1 113278 . 27.2 - 0,7 |16.2 0,68 3,80
25 |20.7 9.1 112297 24.4 - 1.2|16.3 0,90 .15 ™
25 120,77 11.1 112564 21,6 -~ 1,8 116.3 1.10 4,56
25| 20.9 13.5 110602 15,4 - 2.5 16,4 1,30 5,13
& = 0,439 25 121,00 16.0 110602 15,0 - 3,1]16.4 1,50 5,86
e =0.16 25 |34.7 5.1 193453 57.5 0 [21.1 0,10 3,07
r =0.54 |25[34.7 7.7 192472 52,5 - 0.4[21.1 0.35 3.33
*“"m |25 34,7 11,3 192472 47.0 - 1,0|21,1 0.64 3,68
l, = 0.7 a, [25(34,9 14,7 191758 42,5 - 1,8 21,1 0.85 3,96 n
1 g a |25]35.0 18.3 190062 37.3 - 2.8 [21.2.1,08 4.41
m m |25 |35,2 22,4 139617 31.7 - 4.1[21.2 1,28 4.91
1= 104, |25(35.2 27.1 187871 25.3 =-5.7[21.2 1,52 5.67
55 | 24,3 ° 8.6 243454 68,9 - 0.1[23.8 0.26 3.19
25 | 44.3 12.7 243894 62.5 - 0,8 (23,8 0.54 3.49
25 | 44.2 17.0 2438S4 56.4 - 1.8 23.6 0.77 3.231
25 | 44.5 28.C 238667 40.6 - 5.3|23.8 1.28 4.79
25| 44,7 34.1 237106 31.8 - 7.4|23.9 1.51 5,61
TABLE 8
| * B }
PHASE TX t Eow = Eo2 ' EaA~Ep! Ecp | Esop Vg EIGURE
HASE IX . e o S M T | FIGURE
C [omHg emg M2 emng em Hg | aec
57|44.3 8.5 239960 68.8| O |23.9 0.26 3.16
& = 0.439 | | | :
e = 0.16 57 | 44.3 12,7 239960i 61.9 - 0.8] 23.9, 0.54 3.47
L3 : ) . i
1o = °-g dp | 57| 44.5 21.9 237418 ' 48,0 - 3.4| 24,0 1.01 4.2
1l = d ' i :
m m 3 ' '
15 = 10 57| 44.7 26.0 234606 38.1 |~ 5.5|24.1 1.27 4.97
57 | 44.7 32.6 | 230947 30.1 |- 7.4 24,1 1.46 5.65

TABLE 9
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t Eor © Eo2 Ea-Ep Eco Egp | Vs
PHASE X ) TN ) m A FIGURE
C |emHg cmHg  Vm? cmHg em Hg [ Mfec

=

25 |25.1 3.4 217892 53.0 0 21,0 0,05 3.63
25 |25.2 4.6 216911 50,9 - 0.1 |21.0 0.23 3.75
25 |125.2 5.8 216911 48.8 - 0,3 {21.0 0,38 3.90
25 |25.2 7.2 215330 46.4 - 0.6 [21,0 0,53 4.06

& = 0,403 25 |25.2 8.6 215930 44,7 - 1.0 121.0 0,67 4.19
e =0 ‘
_ 25 |25.3 11.3 215930 40.9 - 1.8 |21,1 0,92 4.50
r =0.54dy 8,9,1316
1, = 0.7 d, [25 |25.4 13.9 214948 37.7 - 2.8 [21.2 1.12 4.75
1n= 89y |25 [25.5 15.8 214948 35.4 - 3.6 [21.3 1.26 4.95
1,= 104
d B o125 |25.6 18.8 212987 31.3 - 4.7 |21.3 1.46 5.35
25 |25.6. 21.6 212000 28.0 - 5.9 [21.3 1.64 5.68
25 [25.8 24.6 210891 25.0 - 7.1 |21.4 1.80 6.01
25 |25.8 26.2 210891 22,9 - 8.0 [21.4 1.89 6.27
TABLE 10
PHASE X t' | B Eo2 Ea~Ep: Ecp Egp | Vs £ IGURE
"HASE X1 o : A T | FIGURE
C [emHg cmHg  Vm2 cmHg em Hg|M/sec
25 |25.1 3,5 217625 53.1 0 [21,0 0,07 3.64
25 [25.1 4.6 217625 s50.5 o |21.0 0.23 3.83
25 |25.1 7.1 217625 46.2 - 0.6 |21.0 0.53 4.12
25 |25.2 9.9 216644 42,0 - 1,3 |21,1 0,80 4,45
& = 0.403 ‘ | '
o = 0.35 25 [25.2 12,4 215796 38.3 - 2.1 |21.1 1,01 4.77
r =0.54, |25[25.3 14.0 215796 35.4 '~ 2.7 [21.1 1.14 5.07|
1, = O.Z An |25 |25.4 . 15.8 214815 (32,4 |- 3.3 | 21,2 1,26 5.41
1 = a | r : : ;
1 e 10 4 |25 |25.4 17.5 214815 29.9 - 3.9 21,2 1.38,5.72
d n ‘ ; i
25 [25.5 - 18.8 214815 ' 27.1 - 4.8 | 21,2 1.46 6.09
25 |25.5 20.0 213854 25.2 - 5.,2|21.2 1,54  6.38
25 [25.6  21.6 212853 22.6 - 5.8 [21.3 1.64  6.82
25 | 25.7 22.8 212720 20,6 .- 7.0|21.3 1,70 7.06




- 60 -

t Eow Ep2 Ea~Ep Egp Egp Vg
PHASE XIT |, N - M T |FIGURE
C |{cm Hg cm Hg /mz cmHg cm Hg /sgc
25 | 25.0 3.5 217448 52,5 0 21.0 0.07 3.66
25 125.0 4.3 217448 51,0 0 21.0 0.19 3,77
25 | 25.1 5.6 2164658 45.9 - 0.2 |21.C 0.35 3.90
25 | 25.1 6.7 216468 47.2 - 0.6 |21.0 0.48 4.01
& = 0,403
. o 25 |25.1 8.0 216466 45.4 - 0.8 |21.C 0.62 4.1%
r 0.5 d  [25[25.3 9.0 214770 43.2 - 1.2 |21.1 0,79 4.30 q
1, = 0.4 4, 125 25,3 12,0 213789 40.1 - 2.1|21.1 0.98 4.52
1, 8 d_ i |
4 ‘ n - ~ O
1, = 10 a. 25 | 25.4 14.3 213739 136.6 3.0 [21.1 1,15 4.84
25 [25.4 17.4 209081 33.2 - 4.0 {21.1 1,38 5.09
25 |25.7 20.4 209149 29,4 -5,2|21.2 1.55 5.48
25 | 25,6 23.6 207187 25.4 - 6.5 |21.2 1.76 5.93
25 |25.7 25.%7 0206206 23.4 - 7.4 |21.4 1,86 5.14
TABLE 12
t | B Eoz Ea-Ep Ecp Egp [ Vs
PHASE XIT |, NS m 4 | T |FIGURE
C |cm Hg cm Hg /m2 cmHg cm Hg /sec
25 | 16.5 3.0 295212 50.1 - 0,1 [24.0 0.22 5,01
25.116.5 4.4 294231 47.5 - 0.3 |24,0 0,48 5,25
25 [16.5 6.1 294231 45.2 - 0.8 |24.0  0.75 5.47
& = 0.339 25 | 16.5 = 7.6 294231 431 - 1.2]24.0 - 0.95 5.69
e =0 25 116.6 . 9.6 294496 40.7 - 2.0 |24.1 1.18 5.92
r =0.54d | | f | 13,16
1, = 0.7 4 | :
1,= 84, [25]16.713.6 294496 35.9 |- 3.5|24.2 1.59 6.45
1g= 10dy 15| 16,7 16.1 | 293515 . 33.2 | - 4.6 | 24.2 1.82 6.72
25 116.9 | 19.9 | 293515 | 29.6 | - 6.2 | 24.4 | 2.08 7.14
25 | 16.9 | 22.9 | 293515 25.9 |- 7.8 | 24.4  2.34 7.63
25 |16.9 | 25.4 1 293515 . 23.2 - 9.0 | 24.4 2,52 8.02

TABLE 13
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