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Fig. 1 shows an annular clearance form-
ed by a shaft of diameter D and its bushing
of (D+a) 1. D, then the amount of leakage
through the clearance can be calculated by

Q=273 PE,“S .............. (1)

Where Q amount of leakage, GPM
P Pressure difference across
the bushing, Ft.
D Diameter of the shaft, inches
L Lengthe of bushing, inches
a diametrical clearance bet-

ween bushing and shaft,
inches
v Kinematic viscosity, Ft?/sec.
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Fig. 1

The shaft can either be rotative or
stationary. Since a stationary shaft does not
present engineering problem in reducing or
stopping the leakage, so our interest is
naturely on the rotating shaft only.

Similar expressions appear in other lit-
eratures [1, 2]* but equation (1) is the sim-
plest and the most convenient one to use.

Both field observation and Ilaboratory
measurement check very closely with the
calculated result. This adds to the confidence
in using it.

One installation of high pressure vertical

- turbine pump involves following data:

D=1Il
a =.004"
L o 3"
P =2800/
v =93%10-% Ft?/sec. (water
viscosity at 80°F)
By calculation, Q=1.75 GPM
Actual leakage through seepage
bypass line was estimated at 2 to 3 GPM
Our specially designed laboratory appa-
ratus has shaft diameter of 1.375'', bushing
clearance .006, bushing length 3/’ and at 300
psi or 693! pressure, the leakage was meas-
ured .2 CPM for water temperature of 80 F.
By calculation the result is same.
The derivation of equation (1) now
follows:
use is made of two basic equations:

*INumber in bracket refers to appended

12 literatures
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P=f a2 +.5 2z + 22 (3)
Where f is frictional coefficient,
dimmensionless.
A is the annular area,in Ft.
--gu

Q is volume of leakage, in
Ft¥/sec.

V is velocity of flow, in Ft/sec.

DL and 4, same meaning as
before, but all in Ft.

d is diameter of circular pipe,
and d=a as far as hydraulic
radius .

is concerned. (Fig. 2)
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Fig. 2. Hydraulic Radius for Circular Pipe
and Annular Clearance

P in eq. (3) represents the head in Ft.
across the clearance. The first term represents
the friction loss, the second the entrace loss
and the last the velocity head. The last
two terms are relatively small in compare
with the first and hence are neglected. Eq.(3)
then becomes,

For laminar flow, it can be determined
theoretically

TR ceecreeeeeeneeneenes (5)
=%
SR creereeresererecens (6)

"R is Réynold’s number =Ly_

Substitute (6) into (4), we have
2
v=te
Then Q=VA= (5L &
_ng PD aa
= 9% Lv
Give D, a, and L in inches, and Q in GPM,
and combine all constants into one, equation
* (7) becomes (1).
‘ No such neat expression can be derived
- for turbulent flow, because surface roughness
enters the picture and complicates the whole
thing. However for most of our leakage
problems, laminar flow prevails. Therefore
eq.(1) is valid for all practical purposes.
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For annular clearance, R=
(Q in cu.ft./sec., D in ft.)
or=.0171+— Q , (Q in GPM, D in

inches)............covviues. (8)

Eq.(8) facilitates the calculation of Rey-
nold’s number.

In eq.(l), Q is propotional to @ ‘The
importance of small clearance in reducing
leakage is very obvious. However, it is
important but less obvious to relialize is the
fact that it does not need really close clear-
ance to bring down the leakage to a tolerable
amount. For @=.002", an easily obtainable
clearance, a@® becomes .000000008’' ‘This fact

makes several useful applications feasible:
A High pressure packing box (stuffing



box) or mechanical seal of all ratings incor- is nothing but a set a set of bushing whose
porates a pressure relief line to bleed off the clearance is adjustable.
pressure. Fig. 3 & 4. Besides packing itself
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Fig. 3. Pressure relief in packinglbox
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Fig. 4. Pressure relief in Mechanical Seal
For very high pressure and/or very high B, Impeller balancing devices, such as
speed application, experience indicates that balancing drum, balancing disc and balanced
a plain bushing of proper clearance is the impeller, use .eq.(l) to reduce the thrust
best way, sometimes the only way, to seal Fig. 5 is a balancing drum used in horizontaj

the fluid successfully. - centrifugal pumps.
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4 Fig. 5. Balancing Drum

The amount of thrust reduction equals the net
drum area times pressure difference across the

drum.
!
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Fig. 6. Reduction Drum, Which reduces the
thrust and pressure at same time.

C, Fig. 6 is a scheme conceived by the
author, which can be used to reduce the
down thrust on driver and to relieve the
pressure on packing box at the same time.
By installing a valve and a pressure gage,

" one can control the amount of reduction as

desired. From time to time he can also, by
measuring the volume of bypass, determine
the proper time to replace the “reduction
drum” or bushing.
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A Ratjonal Expression on Leakage

Through

Annular Clearance and its Useful Application
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(A correc'tion’von the “Léakage Formula” No.4, Vol.7)
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