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-.. rateof discharge, as'well as the volume, increases from zero toa maximum,

as shown by the solid section of the curve in"Fig. 6: theredft: ; i
! ection of | ‘Fig. 6; theredfter, as
decreased f u@er, the discharge'is constant, as indicated by the horii?;éﬁlt:j
g;xep. . ;I‘nt:;z fvalue Ef)f ) t?t_ tl;e7 maximum point is calléd the critical pressure
e rom Equation 27 it is seen that . i i 1
9{ e mis faation - ; Pe1s approximately 53 per cent

To find the velocity at the critical it i d i
» velocit he al pressure, it is assumed that the
upstream velocity' V in Equation 22 is so small as to be negligible. Using
the suhscnp.t‘ < to indicate conditions at the critical point, ’ )

Tg_:’ = (k*f'f) _(élVl i—_ 'Pcvc) or,

e =J(%) Gm-pe0 @

sHbSﬁtUﬁng EQUat’ioné 23 and 36, and rear. faﬂgi‘.‘%' E Qufi.%n 37 becomes
e ‘/'(kzi—{ﬁ: - : - (335

‘ and ) o i . | |
Ve ‘/% ' © @39)

Comparing’ Equation 39 with Equation 25, it will be seen that the'

velocity at the throat is equal to the velocity of so iti
e ‘ ) ty of sound at the critical

Critical flow is attained only in converging tubes, in nozzl i
orifices with a well-rounded approach. It %oegs not occur in éh:s;p?:ggelg
orifices or in nozzles having an expanding outlet section. The so-called
critical flow prover uses this property of .constant rate of flow above the
critical Ppressure, and finds application as a flow regulator and a quantity-
rate meter;’in either case, the theoretical rate of flow may be computed

from Equation 38, multiplying V. b ; icti
) s y the area of thé o
obtain the volume rate of flow. ¢ onstriction to

In developing the working equations for orifices and nozzles, it is
customary to start with :

Vit — Wi = 2k 7 ' " (40)

This may be derived from the Be 11 i i
of falline bodia N & rnoulli equation or from the relations
Al V] = Ang = Qg (41)
in which Qs is the discharge rate in cubic feet per second,
’ ¢ Q_sf Qs
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Transposing,
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where
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The central term on the right hand side of Equation 44 will be recog-
nized as the velocity of approach factor, so that

Qs = 4 ——i-l——‘\/—_—-—a‘ v 2ghs ‘ L 45) '

Aectnal Flow Through Orifices and Nozzles

" The actual rate of flow through an orifice, nozzle, or Venturi tube is
rarely equal to the theoretical, and generally the actual rate is less than
the theoretical. In the case of the nozzle and Venturi tube, this is due to-
losses from wall roughness, fluid friction, and turbulence during the.
expansion in the section following the throat. While wall roughness is .
not a factor in a sharp-edged orifice, fluid friction and turbulence are
important, as is the fact that the discharge contracts to a degree variable
with the ratio of outlet to inlet pressure after leaving the orifice, so that
the limiting area is somewhat less than the opening in the orifice plate.
Accordingly, Equation 45 must be modified by a correction factor, C.
Usually, the velocity of approach factor is included with this correction
factor, and, if o .

1

K=¢C T g" ‘ (46),
Qs = K4 Vioghs. . ) 47

Multiplying by 3600 to convert from cubic feet per second to cubic feet
per hour and converting area in square feet to diameter in inches, gives
' _ =Dy} -
O = 3600KA4—->2——1-74Z v 2ghs
or

Ot = 19.635 KD:*V/ 2ght -(48)

Qr = rate of flow in cubic feet per hour.
Dy = the diameter of the orifice or nozzle throat in inches.
K = flow coefficient including correction for velocity of approach.

Equation 48 is a general equation, expressing the flow of any fluid
through an orifice or nozzle. Further use of it will be made as other types -
of flow are discussed. . ,

The differential loss, &, is in terms of feet of the fluid flowing through

" the orifice or nozzle. In the case of a gas flowing, where it is customary

‘to read the differential pressure in inches of water, feet of gas must be
converted to inches of water. Since dry air at 32 F and 14.7 psi absolute
pressure weighs 0.0807 1b per cubic foot, the weight of a cubic foot of
any other kind of gas under the same conditions is 0.0807 G, where G
is the specific gravity of the gas referred to air. Water weighs.62.37 Ib
per cubic foot at 60 F. Using also the relation of 12 in..in 1 ft, "

hw 6237
k =13 X -go807G

in which h is the differential pressure in inches of water. :
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