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Experimental Apparatus and 7% Co/

Dimensions of Critical Nozzles

Critical Nozzle
under Test
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2. Standard
’/ Critical Nozzle
o d:0.248mm

Automatic
Pressure
Controller

Nozzle Dimensions

Shape: troidal throat Venturi nozzle

Inlet curvature 2d 25mm

Diffuser half angle 3°

Diffuser length 3d v -




. Flow Col”
Experimental Results

Strange Behaviors of Discharge Coefficients
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() Pd/Pu<0.1: Why the peak of Cd appears?
(O Pd/Pu>0.1: Theflow issurely chocked in He?
If It Ischocked,

why Cd decrease larger in He ?



Experimental Results: Pd/Pu<0.1
Behaviors of Discharge Coefficient with time
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Cdreachestothe peak value over 2 hours.
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When Pd/Pu = 0.008 at Reth = 4400,

After changing to Pd/Pu = 0.018,

Cd decreases gradually to the value at
Pd/Pu=0.1.
The situation of changeisthe same
in the case of Reth = 2600.
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Cd reachesto the peak value

about 40 minutes.

Asthescale of thevertical axisis

extended, Cd looks bumpy,
but the situation of changeis
similar tothat in He.



Experimental Results: Pd/Pu<0.1

Behaviors of upstream pressures of standard critical

nozzle Ps and of critical nozzle under test Pu with time
Nitrogen Reth = 4800

Ps

Helilum Reth = 4400
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In both gases,

Pu

25266

252 64

252 62

252,60
Ps

25258

252 56

252.54

25252

Flow Col”

=2iPS
A - :Pu i
T PdPus04
0.02% /
! | s
,,,,,, %
o™ /A
N / 0.04%
v

elapsed time (h:mm)

Psis stable during measurement, and Pu increase after decreasing.
The changeof Puin N2issmall enough to benegligible, but

the change of Puin Heisabout 0.3% and can not be neglected,
The changeof Pu islinked to that of Cd.
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Flow Col”
Flow Model in Pd/Pu<0.1 (1)

why the peak of Cd appears in Pd/Pu<0.1.

(1) Under the condition of Pd /Pu < 0.1, aflow field outside of
acritical nozzleexit isin astate of an under expanded |et.

(2) Strong expansion waves are gener ated at the edge of the
nozzle exit.

(3) Theflow along the boundary layer isstrongly acceler ated.

(4) The boundary layer including the throat area becomes
thinner and the sonic plain area becomes lar ger.

(5) If the upstream condition is maintained,

Themassflow rate increases. C;~ Crm

Thisisanormal situation when acritical nozzleis used.



Flow Model in Pd/Pu<0.1 (2) Flow Col”
why the peak of Cd appears in Pd/Pu<0.1.

/In anozzle to nozzle test method, A
the mass flow rate through a system Is constant,
which Is equal to that obtained from the standard
eritical nozzle (theupstream sidenozzle). D

Sincethe massflow rateis constant, when the sonic plain area
become larger, an upstream pressure of a critical nozzle must
decrease. Otherwise, the mass flow rate will change.

Qm
S

The dischar ge coefficient increases.




Flow Model in Pd/Pu<0.1 (3) Flow Col”

why the peak of Cd appears in Pd/Pu<0.1.

When a flow field outside a critical nozzle exit is an under
expanded jet, theflow in the diffuser isisentropic.

A back pressure ratio at a nozzle exit, Pe/Pu, can be calculated
from the following equations.
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Theback pressureratio that the strange behaviors disappears
Isalmost coincident to the back pressureratio at the nozzle exit.
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Experimental Results: Pd/Pu>0.1 (1)

Behaviors of Discharge Coefficient
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In both gases, Cd decreases gradually, but certainly.

This decrease of Cd always happens?

Thedecreasingratein N2 isacceptable, but in He, isundesirable
for flow measurements.

Why thedecreasingratein Heislarger?



Experimental Results:

Pd/Pu>0.1(2) lowCol”

Behaviors of Pressure and Temperature with time
Nitrogen : Reth=4800

Helium : Reth=4400
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Why the large change of Pu iscaused in He?



Experimental Results: Pd/Pu>0.1(3) Flow Col”

In Helium,
why Pu increases and Cd decreases larger ?

In an actual flow filed, the upstream side and the downstream side of

a critical nozzleis not completely separated by a sonic plain.
The pressure wave travelsthrough the boundary layer from the upstream side

to the downstream side or vice ver sa.
Therefore,
An upstream pressure of a critical nozzle always changes when the

back pressure changes.

Normally,
The change of the upstream pressure appears as
the change of the massflow rate.
However,
the massflow rateis constant,

>4

Theupstream pressure change comes out as Cd change.



Conclusion L

(1) The strange and interesting behavior s of the dischar ge coefficient
was reported, which isappeared when the critical nozzleis
operated under the condition that the massflow rateis constant.

(2)These behavior s of the dischar ge coefficient may appear
under thelimited conditions, a kind of gaseslikeHe, HZ2,
moderate Reynolds number.

(3)The situation of the boundary layer around thethroat areais
affecting, for example, itsthicknessbeing thicker,
easy to change by change of outside flow conditions, &t al.

When acritical nozzleisused, there aretwo type upstream
conditions;
the mass flow rate is constant
or
the upstream pressureis constant.

Their resultsare not always the same.



