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INTRODUCTION 

The visco seal is a device that provides a means of sea ling a 

rotating shaft passing through a bulkhead wall, thereby establishing a 

pressure gradient across the wall. The operation of the visco seal 

(also called threaded seal, spiral groove seal ,  and visco sity pump) is 

based on a momentum exchange principle through viscous shear. 

Consider two flat plates separated by a liquid (Figure 1 ). As 

the plate moves acros s  the liquid, it transmits momentum to the mole­

cules of liquid adjacent to the plate. These molecules in turn collide 

with other molecule s ,  which continue the process of collision in which 

each molecule conveys to the next molecule le ss momentum than wa s trans­

mitted to it. As a re sult , the velocity of the molecules in contact 

with the moving plate is equal to that of the plate , and the velocity 

of molecules at the stationary surface is zero. For Newtonian fluids 

the velocity of the fluid between the two surfaces has been experi­

mentally found to be directly proportional to the distance from the 

fluid element to the stationary surface when the flow is laminar and no 

pre ssure gradient is present ( see Figure 1). 
The momentum which impels the molecules to motion must be trans­

mitted from the plate , and if no external force is  applied to the plate 

its motion will eventually cease when a ll its momentum is transmitted to 

the fluid. It is clear , therefore , that the fluid exerts a force on the 

plate , and this force per unit area of the plate is known as  vi scous 

shear . Within certain limits shear in rigid bodies is proportional to 

1 
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Figure 1 .  Velocity profile for moving flat pl ate .  
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the deformation of the body under either static or dynamic loading. The 

shear within a fluid, however, exists only under dynamic conditions , and 

the shear stress for Newtonian fluids is proportional to the rate of 

deformation of the fluid: 

3 

dv T = �­
dX (1) 

The constant of proportionality is c alled the viscosity of the fluid . 

In order for the pl ate to continue to move across the fluid at a con-

stant velocity it must be acted upon by a force in the direction of the 

motion V0, which is equal in magnitude to the viscous shear times the 

area  of the plate. 

Consider now a plate which has raised grooves on the side in 

contact with the liquid ( see Figure 2) and is  assumed infinite in the 

direction of motion V0• As the plate moves, momentum is  transferred 

to the fluid c ausing it to move with a certain velocity. Since very 

little of the liquid c an pass between the fixed surface and the raised 

or "land" part of a groove on the plate, the greatest part of the fluid 

travels up the root of the groove and passes out from under the plate 

at the top edge . 

The plate and surface shown in Figure 2 may be approximated by 

a threaded shaft and a smooth cylindrical c avity ( see Figure 3) if the 

diameter of the shaft is large in comparison to the distance between 

the plate and surface .  As  the shaft rotates, the fluid between the 

shaft and cylinder walls is forced up the shaft and out the end at the 

process side in a motion similar to that shown in Figure 2. If 
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Figure 2. Grooved flat plate 
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pressure exerted on the fluid at the end of the shaft will not allow the 

fluid to escape at the end, a pressure gradient is  established which 

ranges from the high pressure at the process end of the shaft to atmos• 

pheric pressure at the other end. If the rotation of the shaft 

generates sufficient pressure in the fluid to equal the fluid pressure 

at the process end, no sealant fluid is lost out the atmospheric end, 

and a seal is  providedo It should be noted that power is dissipated 

when the shaft speed i s  held constant due to the torque required to 

overcome the viscous shear. 

The visco seal is often designed with two oppositely directed 

grooves between which the sealant is injected ( see Figure 4)o By this 

arrangement , one side of the seal undergoes a pressure drop from that at 

the sealant inlet to the high-pressure side of the bulkhead , and the 

other side of the seal undergoes a pressure drop from that at the 

sealant inlet to the low-pressure side of the bulkhead. The pressure 

developed by the seal at the sealant inlet must , therefore , be greater 

than the pres sure on either side of the bulkhead. 

6 

The visco seal has a long life, provides virtually perfect 

sealing , and requires very little make-up sealant fluid. It is  

applicable in many instances where a gas under pressure is prone to  leak 

down a shaft extending out of a pres surized area. An example of this 

situation is when a space vehicle must maintain an ambient cabin pres­

sure with various rotating shafts projecting into a vacuum. Another 

example is in gas- or liquid-cooled reactor s ,  where long maintenance-free 
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Figure 4. Double-grooved visco seal . 

7 



life is important. The visco seal is also applicable in gas turbines ,  

where very high shaft speeds may not permit long-term utilization of 

mechanical seals� 

There are several disadvantages inherent to the visco seal. 

8 

The simplified seal i s  effective only when the shaft is rotating and 

rotating in the proper direction. The vi sco seal, like some other types 

of seals, sometimes requires an auxiliary sealant system. Proper design 

may compensate for these disadvantages or eliminate them completely. 



CHAPTER I .  SURVEY OF LITERATURE 

A survey of the literature patterned after a more comprehensive 

work by Stair (1 ) *  is presented in this chapter . In addition , litera-

ture published since the report by Stair is also surveyed . 

A screw viscosity pump capable of maintaining pre ssures of 

1000 pounds per square inch (hereafter designated p. s. i. ) wa s exhibited 

in 1920 by Sir John Dewrance . After seeing this model , Rowell and 

Finlayson ( 2 , 3 )  presented an analysis of a screw visco sity pump for lami-

nar flow. They developed an equation representing the flow rate from the 

pump as a function of the thread dimensions, length of the threaded sec-

tion , relative surface velocity, and fluid viscosity. The most important 

simplifying assumption made was that the clearance between shaft and 

sleeve was zero . The pressure developed for a given shaft and speed wa s 

found to be greatest at the shut-off head . While the problem of energy 

dissipation due to viscous friction was not discussed , the use of a 

cooling jacket wa s considered an essential part of the pump for maximum 

pressure development . 

In 1951 Asanuma (4) pre sented a theoretical study of the visco 

seal with an approach somewhat similar to that of Rowell and Finlayson , 

except for less restrictive assumptions. Asanuma1s equation for laminar 

flow is 

llp = � .  
c 

( 2) 

The factor S in Asanuma1s equation is dependent on screw thread geometry. 

*Numbers in parentheses refer to similarly numbered references 
in LIST OF REFERENCES . 

9 
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In Asanuma' s  analysis he shows that the theoretical seal perform­

ance under laminar conditions could be maximized by selecting the screw 

thread geometry a s  follows: 

l .  The width o f  the thread should b e  as narrow as  possible. 

2. The ratio of groove width to depth (a/h )  should be 

five to ten. 

3 .  The value of � should be between six and eleven . 

4. The helical angle of the screw thread should be 10 to 

20 degree s .  

In 1955 Boon,  H oningh , and Van Rij ssen (5) published an article 

in which a general discussion on dynamic shaft seals wa s presented . 

Although the possibilities of the visco seal had been suggested by Rbwell 

and Finlayson , Asanuma and Boon were perhaps the first to consider the 

problem both analytically and experimentally. It appears that the work 

of Asanuma and Boon may have been done simultaneously and independently. 

Figure 4 shows the ba sic seal studied by Boon (5) .  The sealing 

fluid fills the clearance space and grooves for a distance L, the dis­

tance M is filled with the system fluid , and the di stance N is filled 

with ambient air . The pressure distribution indicated by curve l ( solid 

line) is obtained when the system pre ssure is  equal to atmospheric pres­

sure . When the system pre ssure is  increa sed , the pre ssure distribution 

indicated by curve 2 (dashed line ) is obtained . Note that the interface s 

between the sealing fluid and the system fluid and between the atmosphere 

and the sealing fluid move axially. Boon reports that pre ssure gradients 

of 20 atmospheres/centimeter (746 p. s . i . /inch ) were experimentally 
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attained with ea se even though the experiments did not fully conform to 

the theoretical equations. One of the disadvantages of the seal shown in 

Figure 4 is its inability to seal when the shaft is at rest .  T o  overcome 

this shortcoming , the seal shown in Figure 5 was designed . The rotor A 

i s  driven by the shaft , with an ela stomeric seal E used to prevent leakage 

between the shaft and rotor. Rather than being of a single diameter , the 

rotor is made larger in diameter on the process side (assuming that the 

process is  pressurized ) . This variation in diameter provides  a sealing 

shoulder at F that contacts the stator B when the speed. and consequently 

the pressure at C ,  is reduced below a certain value . Tests were con­

ducted with oils having viscosities of 70 centistokes and higher with 

radial clearances between the stator and rotor of 15 to 20 microns (0.0006 

to 0.0008 inch) . At room temperature and maximum system ga s pressure of 

20 atmospheres (hereafter designated a s  atm. ) , 294 p. s . i .  absolute , the 

seal provided complete shutoff against ga s leakage while operating at 

1500 revolutions per minute (hereafter designated as r . p.m. ) and when 

stationary. The maximum shaft surface velocity employed wa s 22.9 ft. per 

second (45 mm. shaft at 2950 r . p.m. ) . Boon observed that the pressure 

developed by the visco seal can be increased by: 

1. Increa sing the seal length . 

2. Decreasing the clearance between rotor and stator. 

3. Decreasing the depth of the grooves .  

4. Increasing the vi scosity of the sealing fluid . 

He  also observed that loss of sealing fluid was not serious and continu­

ous makeup wa s  unneces sary; the leakage due to diffusion wa s negligible . 



PROCESS 
SIDe 

�l$L�Ul0 12 

SEAL 
COOLANT 

Figure 5 . Visco Seal for static and dynamic sealing . 



13 
Boon (5) commented further that the visco seal would not be 

suitable for high-temperature use because the sealing action depends 

on the viscosity of the sealing fluid. It is important to note that 

the conclusions drawn by Boon (5) are essentially in agreement with 

those which may be reached on the basis of the work done by Rowell and 

Finlayson (2,3) and those made by Asanuma (4). 
The experimental results of tests run on the seal similar to 

the one in Figure 4 were the basis for a thesis by Van Hoek (6). 

Van Hoek chose , rather than square groove s ,  peculiar 11V-11shaped grooves. 

In 1956, Frtissel (?) presented a study on the visco seal in 

the laminar and turbulent flow regions as  a result of research on seals 

for high-speed applications . His equation for laminar flow sealing 

capacity was 

6 p = Cl"���) , (3) 

where Cl is an empirical coefficient depending on the ratio (h/c ) , the 

form of the thread , and the screw thread geometry. Fr�ssel reasoned 

that Cl would be zero for helix angles of zero and 90 degrees and would 

reach a maximum at  some intermediate angle. Table I gives the values 

of the coefficient C l as given in the work by Fr'ossel (?). Fr'Ossel 

observed that the grooves could be on either the shaft or the sleeve 

and the result would be the same . His solution to the problem of 

sealing a stationary shaft in conjunction with a visco seal was to 

employ an elastomeric lip-type seal which would unseat and become 

inoperative due to centrifugal force when the shaft was turning. The 

conclusions reached by Fros sel , which are the result of extensive 



TABLE I 

VALUES OF THE COEFFICIENT C1.FOR EQUATION (3), 
ACCORDING TO FRGSSEL 

Helix. Angle -a 
0 5 10 12 15 20 25 90 

Metric thread with a pitch 
of 1 mm., a thread height 
of 0.7 mm., and h/c = 14 

Metric thread with a pitch 
of 0.5 mm., a thread 
height of O.J mm,, and 
h/c = 6 

0 14 25 27 24 16 11 

0 J 5 6 7 7 6 

0 

0 
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experimental work but very limited analysis, were, for the most 

part, similar to those by Rowell and Finlayson, Asanuma, and Boon. 

In 1959 Boon and Tal (8) presented a detailed analysis of 

the visco seal under laminar flow conditions. Their equation for 

sealing head under laminar flow conditions was developed as 

( 4) 

where C2 is a dimensionless coefficient that was theoretically 

derived using commonly accepted simplifying assumptions regarding 

flow (see page 19) to be a function of screw thread geometry 

(n, �. and y) alone. Boon and Tal indicate that the theoretical 

minimum value for C2 is ) . 65333 when the form parameter values 

are 

n =  15 degrees, 40.5 minutes; 

1:3 = ).65JJJ; 
y = 0.5. 

Substituting the minimum value of C2 into Equation (4), 

( 5) 

Boon and Tal define the optimum construction as that requiring 

the minimum power to seal a given pressure. Usually the values 

of diameter, speed, and required pressure are known and �. L, U ,  

and the screw thread geometry may be adjusted in order to make 

the power requirement as low as possible. Their expression for 

power dissipation is 
2 

_ C;. 2n0L�U q- ------
c2 c2 (6) 

15 



where c3 is a dimensionless coefficient which has been theoreti­

cally derived as a function of screw thread geometry (cr, �. and y) 
alone. Boon and Tal indicate that the minimum power requirement 

cannot be attained in a practical seal; however, the value can be 

made low by appropriate choice of screw thread form parameters. 

Boon and Tal acknowledge that their study was based on the 

assumption of laminar flow but indicate that the seal could pos­

sibly be operated in the turbulent region, although they under­

took no tests to confirm this speculation. 

Asanuma (9) extended the theoretical studies of an 

earlier paper (4) and reported on extensive testing of various 

thread forms used in a visco seal. The equation for the sealing 

pressure is the same as Equation (2). A dimensionless theoreti­

cal expression for the factor S was derived for square threads as 

a function of the screw thread geometry alone. It was reported 

that the triangular thread was more suitable than either the 

square or semicircular grooves. The theoretically derived and 

experimentally verified dimensional relationships for the groove 

design as reported by Asanuma are as follows: 

1. The clearance must be as small as possible, but 

it is usually proscribed by the fit-quality 

available in fabrication. That is, the ratio 

R/c should take values between 32 and 2400. 
(Note that normal bearing R/c ratios will fall 

within this range.) 

16 



2. The value of y should be approximately 0.5. 
3 .  The groove width (b) should be five to twenty 

times the groove depth (h). 

4. The value of � should be approximately six. 

5. The helix angle should be approximately 10 to 

1 1  degrees. 

Asanuma observed that multithreaded screws provide the same 

sealing performance as single-threaded screws. Asanuma also 

observed (as did Frossel) that the performance of the plain 

shaft within a grooved sleeve was the same as a grooved shaft 

within a plain sleeve. 

In 1964, McGrew and McHugh (10) presented an analyti-

cal and experimental study of the visco seal in both laminar 

and turbulent operation. In this theoretical study for opera-

tion.in the laminar region, which was patterned after a paper 

by Zotov (11), McGrew and McHugh presented the equation for 

sealing pressure as 

where �L• a dimensionless laminar sealing coefficient, is a 

function of screw thread geometry alone. The equation is 

(7) 

�L = �f3q(l + l3q );� ... ( 8) 
tana. .L + ( [ . * 

� y l - y ina."• L , 

The sealing coefficient is a function of eccentricity, as indi-

cated by the factor E, which is called the eccentricity 

17 



correction factor and which was reported to vary theoretically 

from 1.0 to 2. 5 as the eccentricity varies from 0 to 1. McGrew 

and McHugh did not measure eccentricity; therefore, the values 

of E were not confirmed experimentally. McGrew and McHugh 

solved for the optimum form parameters, which they found to 

be: 

a = 21.6 degrees; 

I' = 3. 78; 
y = 0 .5 

By assuming concentricity, the sealing coefficient was computed 

from Equation (8), and the equation McGrew and McHugh developed 

for maximum sealing is 

6p · := 0 61 IJUL (m _ _  ::>o-·;·· • · _. 
• ·  . c � 

(9) 

In the analytical study of the visco seal in the turbu-

lent region McGrew and McHugh did not consider the leakage flow 

across the land: their approach was to demonstrate the form of 

the turbulent sealing equation and then to evaluate the constants 

experimentally. The equation was given as 

'¥ T = K 1 + K ;fien ( 10) 

where K1, K2, and n are constants. McGrew and McHugh observed a 

large increase in the sealing coefficient when the flow became 

turbulent� The two investigators also observed seal breakdown 

in both laminar and turbulent flow and commented that seal 

breakdown may be affected significantly by fluid surface tension. 
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In January of 1965 Stair (13) presented a theoretical 

analysis of the visco seal for the concentric laminar case 

similar to the analysis by Boon and Tal (8). The seal investi-

gated by Stair is shown in Figure 6. Stair made the following 

simplifying assumptions: 

1. The sealant is a Newtonian fluid with negligible 

change in density. 

2. The flow is steady-state and incompressible. 

). The velocity in z direction is negligible with 

negligible pressure change in the z direction. 

4. The body forces are small in comparison to viscous 

forces. 

5. Both the groove and the land of the thread are 

assumed infinite flat plates in the s and � 

directions. 

The equations of motion and continuity for laminar flow may be 

written as (assumption 1): 

p� = F Dt � 

Dv _ � p--'-..t 

dp - --+ 0� 
oP + -d1i 

p .Qli = F _ oP + 
Dt z dz 

�'V2u 

�'V2v 

�'V2w 

(ll) 

(12) 
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By considering assumptions 2, 3, and 4, the equations may be 

reduced to 

o2v _ 1 2P 
0�2 - � aTi 

Integrating Equations (13) and (14), 

_ 1 op 2 u - 2i1 d[" z + c1 z + c2; 

(13 ) 

(14) 

(15) 

(16) 

The velocities in the region of the grooves and in the region 

of the lands may be determined by noting the following boundary 

conditions: 

Along the lands 
u.c = Ucosa. at z = 0 
Ur = 0 at z = hr 

Along the grooves 
u . = Ucos a:. at z = 0 

b ug = 0 at z = hg 

Across the lands 
vr = -Usina. at z = 0 
vr = 0 at z = hr 

Across the &rooves 
v = -u sir. a. 1 t z = 0 

b Vg = 0 at z = hg 

The velocity components along the lands and grooves may be 

identified. By deriving an equation for the net flow in the 

seal and setting the flow equal to zero and collecting the 

resulting equation into dimensionless groups a sealing 

coefficient, 

(17) 

may be defined. By writing the eq1.1.ations for the time rate of 
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energy dissipation in the sealant by vj.scous action per unit 

volume of flow in the � and TJ dire ctions and integrating over 

the appropriate volumes, an expression for the power loss in 

the visco seal may be written as: 

q = 

�(
l- y + t> + 

3
[::ri\-t'l'! �?�l�<.:. �>7�' !�H} .

(lS) 

Equation (18 )  may be written as: 

(19) 

where �. dissipation function, corresponding to the bracketed 

term of Equation (18) , is a function of screw thread geometry. 

If 

�=4>' +4>" , (20) 

where 

4>'=1-Y+j, (21) 

and 

(22) 

then <P' represents the loss due to Couette flow and is independ-

ent of the angle a.. The ¢ '' term represents the loss due to 

Poiseuille flow and depends upon a., �. andy. 

It has been suggested by McGrew and McHugh (10 ) that �,, 

due to Poiseuille flow, was small in comparison with ¢1 and 

22 



could be neglected. This approach assumes that the power loss 

can be t-·ritten as: 

23 

q = �UA0;� • (23) 

The velocity gradients are taken as U/hr over the land area Ar 
u 

and t,; over the groove area A • Thus, g g 

UAr UAg <r = �u- + - (24) hr hg 

Since 

and 

then 

or 

Ar =(l-Y)n:DL 

I lln:DLU2 v 

'Cf = ,... c (l - y + �) 

(25) 

(26) 

(27) 

(28} 

The order of magnitude of the ¢11 component of the power 

loss is, for some screw thread configurations, the same as that 

of ¢1, and the smaller error occurs with visco seals having low 

values of a and y, while the more significant errors occur with 

larger values of a and y. Since the larger values of a and y 
are of the most interest for practical seals, the simplified 

evaluation of the dissipation function appears to be 

questionable. 
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It is the opinion of the investigators involved in this 

study that the approach as presented by Stair (13) is the best 

theoretical approximation to the actual characteristics of lami­

nar flow in the visco seal. It should be noted that ali of the 

theoretical derivations surveyed assume concentricity and laminar 

flow with the exception of the work by McGrew and McHugh, who 

attempted to predict (1) the range of an eccentricity factor 

E and (2) the form of  the equation for the sealing coefficient 

in turbulent flow. No attempt was made in any of the experi­

mental studies surveyed to measure the actual eccentricity during 

operation. 

Although all of the investigators discussed in this 

chapter report what each one concluded to be the optimum thread 

geometry (i.e., the geometry at which the sealing coefficient is 

at a minimum), these geometries were not in agreement . 

Table II shows the values of the sealing coefficient as 

reported by Stair (13), McGrew and McHugh ( 10), and Asanuma (9) .  

It should be noted that since the equation for sealing coeffi­

cient as reported by Asanuma is a function of the clearance and 

the shaft diameter, the values for Asanuma's sealing coefficient 

in Table II were computed with the clear�nce assumed equal to 

0.002inch and the shaft diameter assumed equal to 1.250 inch . 

The values shown in Table II have all been converted to the 
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TABLE II 

A COMPARISON OF SEALING COEFFICIENTS 

a. y 1:3 As � AA 
8 0 . 3  3 19 . 8  26. 8  28 . 3  
8 0 . 3  5 13 . 0  13 . 6  15 . 9  
8 0 . 3  7 13 . 8  12. 6 15 . 7  
8 0 . 5 3 16 . 8  22.6 24. 2  
8 0 . 5 5 11 . 6  11.9 14. 2 
8 0 . 5 7 12 . 9 11 .5 14. 7  
8 0 . 7 3 19.7 26. 8  28 . 7 
8 0.7 5 13 . 0 13.6 16 . 2  
8 0 . 7 7 13 . 8  12.6 16 . 0  

14 0 . 3  3 13 . 5 16 .7 19 . 0  
14 0 . 3  5 12 . 9  11 . 3  15 . 1  
14 0 . 3  7 17 .9  14. 4  19 . 7  
14 0 . 5 3 11 . 9  14. 3  16. 6  
14 0 . 5 5 12.1  10.3 14. 1  
14 0 . 5 7 17 . 4  13. 8  19. 0  
14 0 . 7 3 13 . 5 16 , 7 19 . 1  
14 0 . 7 5 12 . 9  11.3 15 . 2  
14 0.7 7 17 . 9  14. 4  19.8 
20 0.3 3 12. 4  13. 3  16 . 6  
20 0 . 3  5 15.0 11.9 17 . 4  
20 0 .3 7 23 . 2  18.2 25 . 9  
20 0 . 5 3 11. 2  11 . 5 14. 8  
20 0 . 5 5 14. 4  11. 2  16. 6  
20 0 . 5 7 22. 8  17 .7  25. 4  
20 0,7 3 12. 4 13 . 3  16 . 7  
20 0 . 7 5 15. 0  11 . 9  17 . 5  
20 0 . 7 7 23 . 2  18 . 2  25 .9  

A - Based on Boon and Tal theory s 
M&M - Based on McGrew and McHugh theory 
AA - Based on Asanuma theory 



definition for sealing coefficient as defined by: 

where A is dimensionless. Table III shows the equations derived 

by the investigators and written in a common nomenclature. 

Figures 7 through 11 show graphically the results of a computer 

program for the solution of the equations for the sealing coeffi-

cient and dissipation function derived by Stair ( lJ ) . Also 

shown in Figures 7 through 10 are the values for the sealing 

coeffic�ent for a value of y = 0 . 5  as determined from the 

26 

equations by McGrew and McHugh (10 )  and Asanuma (9) . In addition,, 

the values for the dissipation function as determined from the 

equations by McGrew and McHugh are shown in Figure 11 . 
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CHAPTER II. PRELIMINARY DESIGNS 

This chapter is composed of three parts: 

1. Presentation of the operational capabilities desired 

in the proposed visco seal tester. 

2 .  Discussion of test facilities constructed and 

operated by other investigators. 

). Presentation of three proposed designs in pre­

liminary form, and discussion of the reasons for 

selecting the third design. 

One of the: .11ost important requirements of the proposed 

tester is the ability to experimentally verify the equations 

developed by the investigators and presented in Chapter I. The 

test facility must be capable of varying as many of the inde­

pendent variables in these equations as feasible without 

extensive modification of the tester. With the exception of the 

shaft diameter D, all of the variables in Equations (17) and (18) 

may be varied easily within certain limits. For this reason the 

shaft diameter is held constant at 1.25 inch. The length of the 

threaded shaft and thus the maximum seal length L is limited by 

such factors as dynamic inbalance and dynamic shaft whip con­

siderations. The radial clearance c is limited by the precision 

of fabrication methods available. The surface velocity U is con­

fined within the range of the drive mechanism. The sealant 

viscosity may be varied with little difficulty. 

JJ 



Since both the sealing coefficient arid the dissipation 

function should be minimized, a compromise form parameter would 

probably lie within the limits: 

0 . 3  < Y< 0 . 7  

2 < 1:3 <  14 

8 degrees < a < 20 degrees 

It should be noted that small values of p are progressively less 

precise becau�e very small values of screw thread depth h are 

limited in their precision to available fabrication methods. 

Although a complete experiment design will not be pre­

sented, a few remarks regarding the approach in the investigation 

of the three variables in the ranges indicated should be made . • 

Each variable is to be investigated at three levels. A complete 

classical experiment would require twenty-seven tests at each 

sealant fluid viscosity. The investigators, however, decided upon 

a fractional factorial experiment in which only one-third of the 

tests (nine tests) are run with the variables confounded in a 

modified latin square. Figure 12 shows the latin square employed 

for the tests. Additional information concerning the latin square 

is provided by Schenck ( 19 ) . 

In addition to the study of the validity of the equations 

presented by Stair (13 ) ,  the tester must enable the investigators 

to undertake a number of other important studies. Although the 

equations by Stair assume concentric operation, in the practical 

case the shaft is almost certain to be eccentric, and McGrew and 
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McHugh have suggested that eccentricity is significant . A study 

to determine the effects of eccentricity is therefore proposed . 

Although square threads were used in the analysi s by Stair , the 

merit of this or any other type of thread geometry is uncertain , 

and a study of screw thread geometry is also proposed .  As has 

been stated , the equations by Stair are valid only for laminar 

flow. Although very little work ha s been done on thoeretical 

equations for the sealing coefficient and power dissipation in 

the turbulent region , the test facilities should be capable of 

exploring this region . 

Upon surveying the requirements of the test facilities ,  

a number of  problems were envisioned . It has been noted that the 

seal eccentricity may be significant . In order to locate the 

center of the shaft with respect to the center of the sleeve 

(i . e . , eccentricity) , the radial clearance must be determined 

within certain limits of precision while the shaft is rotating . 

This clearance must be measured in two planes normal to the 

centerline of the shaft some distance apart, and in each plane 

the clearance must be mea sured at two location s ,  preferably 

90 degrees apart, in order to completely locate the centerline 

of the shaft with respect to the centerline of the sleeve. The 

clearance must be measured without allowing any obj ect to come 

in contact with the rotating shaft . The precision of the 

measurement of the clearance is generally conceded to be the 

greatest source of error . 

36 
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Another maj or problem anticipated in the design of the required 

test facilities is that of power di ssipation measurement . In order to 

measure the power dissipated per unit time , the torque transmitted to 

the sleeve through viscous shear from the shaft must be measured . The 

problem of mea suring t orque that may be applied to the sleeve is ele­

mentary, but distingui shing between torque due to viscous shear and 

torque due to other effects such a s  bearing friction , which may be on 

the same order of magnitude as vi scous torque , is a more difficult 

problem. 

In Chapter I it was noted that a number of investigators have 

developed theoretical equations for predicting the sealing coefficient 

and dissipation function. Some of these investigators also designed , 

constructed , and operated test facilities  to evaluate the equations 

developed . The test facilities  operated by Asanuma , Van Hoek , and 

McGrew and McHugh will be examined . 

The test apparatus used by Asanuma (see Figure 13 )  in a second 

and more significant investigation (9 ) was constructed so that the 

threaded shaft could be tested as both a seal and a pump . The single­

grooved shaft is  held in a vertical position by a radial-ball bearing 

at the top of the shaft . The grooved portion of the shaft i s  partially 

surrounded by a sleeve supported by a radial-ball bearing at the bottom 

of the sleeve and a thrust-ball bearing near the center of the grooved 

section of the shaft . The grooved shaft is  driven by a 1/4-horsepower 

motor through a pulley positioned above the top bearing . The sealant 
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is  introduced into the grooves at the top of the sleeve from a 

pan . The temperature of the oil may be measured in the pan and 

at the bottom of the sleeve , The maximum sealing pressure (dis­

charge pressure when testing a visco pump ) is measured by a 

manometer at the bottom of the sleeve . An oil outlet (closed 

when testing a seal)  is located at the bottom of the sleeve . It 

should be noted that Asanuma did not develop an equation for 

power loss and made no attempt to measure the torque on the 

sleeve due to viscous shear . 

The test facility constructed ( 6) by Van H oek (see 

Figure 14) was designed to investigate double .grooved seals .  

In Van Hoek ' s test screw Number 2 the sealant is inj ected under 

pressure between the two sections , which are threaded in oppo­

site directions .  No attempt was made to make the sleeve free­

floating or to mea sure the power loss due to viscous friction . 

However , the sleeve is mounted with an 0-ring connection to the 

stand , which can be adjusted for alignment purpose s .  The 

sleeve is water-cooled to maintain a constant sealant tempera­

ture and viscosity. 

Perhaps the most effective test facility was constructed 

by McGrew and McHugh (10 ) in which a single-grooved shaft was 

surrounded by a water-cooled sleeve . Sealant was introduced into 

the grooves under pressure through a hole in the sleeve , and a 

torque arm connected to the sleeve contacted a strain-gage beam 

to record the torques imposed on the sleeve . As has been stated , 
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one of the maj or design problems is to be able to distinguish 

between the sum of the torques on the sleeve and torque due to 

viscous shear. McGrew and McHugh attempted to solve this problem 

by making all torques on the sleeve negligible except that due 

to viscous shear. At first they attempted to free-float the 

sleeve on the shaft on the theory that the seal would support the 

sleeve in a nearly concentric position with hydrodynamic pres­

sure.  This arrangement proved to be unstable , however , and was 

abandoned . Figure 15 illustrates the final approach of McGrew 

and McHugh ; they mounted the sleeve on ball bearings ,  on the 

assumption that the torque on the sleeve due to static friction 

of the ball bearings would be small in comparison to the torque 

due to viscous shear . This was not the case , however , and 

McGrew and McHugh wer� unable to preci sely determine the power 

loss.  It should also be noted that McGrew and McHugh did not 

measure the eccentricity. 

At the beginning of this study , a number of preliminary 

design proposals were considered . Three of these proposals ,  

including the. proposed design which was adopted , are discussed 

here along with a short discussion of the relative merits of each 

proposal. 

In the first design , the problem of constructing a free­

floating sleeve (with which McGrew and McHugh had difficulty) is  

circumvented by suggesting that a thermodynamic analysis be  made 

41 
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( see Figure 16) .  This idea wa s  never given serious consideration, 

since the cost of a calorimetry analysis would be relatively high 

if the desired limit s of precision were maintained . Such an 

approach might be resorted to , however , as a check on the order 

of magnitude of the power loss .  Figure 16 shows four induction 

probes located at right angles and in two planes .  These probes ,  

manufactured by the Bently Scientific Company, are capable of 

mea suring the distance between two surfaces through an induction 

principle without requiring contact between the two surfaces . This 

approach to the eccentricity mea surement problem is common to all 

three preliminary designs . 

In the second proposal ( see Figure 17) the problem of 

measuring power loss is resolved by using hydrostatic radial 

bearings to free-float the sleeve . At this point , it will suffice 

to say that the hydrostatic bearing suspends the sleeve in a film 

of oil in which (unlike ball bearings)  the friction torque imposed 

on the sleeve due to the bearing approaches zero . Eight hydro-
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static pads ( four are shown) are located at 90-degree intervals in two 

planes , and e�ch pad is  supplied with lubricant under presssure . In 

this design a double-grooved shaft is  mounted on two ball bearings and 

surrounded by the sleeve , which is supported by the hydrostatic bear• 

ings.  Sealant is  introduced under pressure between the threaded sec­

tions, and clearances are measured by induction probes . Cooling pa ssages 



' i 

i 
\ 

\:1 
X 
- �  J J  0 -() 0  
u o 

. 

r-l 



. N 

. 0 z 
/ Wl 

/ ·rl 

� � 
/ +> 

� " fJJ Q) 
<t E-< 
w 'U to CD 

fJJ 
v / 0 

'· !i " 0. 0 &: � 
" . � ('... r-1 
Q Q) 
>-- � 
r ;:1 WJ ·rl ex. 
-+ 

/ 
// 

/ 
/ / / 

/ 

"" --
w "'--......, 
110 
10 

� 



are located parallel to the axis around the sleeve . To permit 

assembly the sleeve must be constructed in two longitudinal 

halves fitted together. 

The outstanding advantage contained in this de sign is its 

ability to measure the torque due to viscous shear within small 

limits of precision . By free-floating the shaft and using 

flexible connections ,  the initial torques on the sleeve are made 

constant , and the change in torque for a given shaft speed is  

due to  viscous shear alone . In addition , the double-grooved 

feature of the design eliminates  the axial thrust due to pres­

sure development inherent to the single-grooved design .  Thi s 

design is  highly versatile in application . It may be used not 

only to verify theoretical equation s ,  but also to study the 

effects of eccentricity and turbulent operation and to study the 

load-carrying ability of the visco seal. Perhaps the most import­

ant disadvantage to this design is the test sleeve , which would 

require complicated and expensive machining operations to 

fabricate•. 

After consideration of several alternative proposals ,  

the design shown in Figure 18 a s  a full-scale elevation view wa s 

selected . A single-grooved shaft , driven through a high-speed 

spindle , is surrounded by a sleeve as shown. Hydrostatic 

bearings and induction probes are employed as in previous 

designs discussed . Sealant under pressure is inj ected into the 

sleeve , and the pressure and temperature of the sealant 
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are measured along the sleeve . Cooling coils are wrapped around 

the sleeve along the section surrounding the shaft . The torque 

arm contacts a strain-gage beam to indicate torque acting on the 

sleeve . The axial pressure force is carried by a hydrostatic 

thrust plate at the end of the bearing block . 

The design shown in Figure 18 is capable of measuring 

torque due to viscous shear and eccentricity within acceptable 

limits of precision and is capable of operation in the turbulent 

region . In addition , it may be used to study effects of sealant 

diffusion into a vacuum by replacing the test spindle with a 

double-groove spindle of equal total length , injecting the seal­

ant through the middle pressure tap , and evacuating the cavity 

in the sleeve. This design i s  not conducive to studies  of the 

load-carrying capacity of the visco seal . 
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CHAPTER III . FINAL DESIGN 

This chapter presents the final design of the test facility. 

Figure 18 shows a cut section through the middle of the test area as 

an elevation view. The three maj or parts comprising the test area are 

the test spindle ( see Figure 19) ,  the hydrostatic bearing housing ( see 

Figure 29 , page 81) ,  and the test sleeve ( see Figure 30 , page 82) . The 

clearance between the test spindle and the test sleeve may be varied by 

changing the test spindle ; the radial clearance between the test sleeve 

and the hydrostatic bearing is six mils at room temperature .  The por­

tion of the test spindle mating with the high-speed spindle is burnished 

with MoS2 to prevent seizure of the two parts .  

A complete schematic flow diagram of the systems serving the 

test facility is shown in Figure 24 in the Appendix, page ?6 . The 

hydrostatic bearing system is shown in the lower left corner of 

Figure 24. Oil returning from the bearing is collected in a sump 

tank . The main pump draws the oil out of the sump through a fil�er 

and heat exchanger and pumps it at a pressure of 1000 p . s . i .  through 

a final filter and a gate valve and into the manifold block . Part 

of the oil returns directly to the sump tank through a relief valve 

that regulates the discharge pressure.  From the manifold the oil 

flows through eight lines ,  which pass through flow control valves 

before delivering the oil to the eight pads in the two hydrostatic 
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radial bearings .  A pressure switch located on the manifold stops 

the test spindle if the oil pressure drops below a proscribed 

amount. 

The sealant supply tank provides the test sleeve with 

sealant at a controlled pressure . A pressure gage and a relief 

valve are located on the sealant tank to indicate approximate 

sealant supply pressure and to provide a safety backup for the 

pressure regulators , respectively. 

The pressures  developed in the seal are measured through 

five equally spaced twenty-five mil pressure taps leading through 

flexible tubing to three-way valves .  For lower pressures manometers 

are used , and for higher pressures  bourdon tube pressure gages are 

employed . 

The temperature distribution is determined by five equally 

spaced thermocouples .  

The torque is measured by a strain-gage beam and an SR-4 

indicator. A microswitch turns off the spindle drive motor if the 

torque on the sleeve causes the beam to deflect more than a pro­

scribed amount . 

The clearance indication system consists of four induction­

type clearance probes attached to the test sleeve . Each probe is 

connected to a distance detector powered by a common direct-current 

power supply unit . The detector output is monitored by vacuum tube 

voltmeters .  
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Cooling of the seal is provided by a 1/4-inch cooling coil 

wrapped around the test sleeve and soldered in place. 
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The test spindle is driven by a two-horsepower thymotrol 

controlled direct-current motor. The power is transmitted through two 

precision spindles that step up the speed by a factor of ten. The high­

speed spindle is lubricated by an oil mist system that must become 

operative before the motor will start . An optical tachometer measures 

the speed of either the high- or low-speed spindle ,  from which the speed 

of the test spindle may be computed . 

The vi sco seal tester consists of a test stand upon which most 

of the component parts are located ; an oil stand , which supplies  the 

hydrostatic bearings with oil at approximately 1000 p . s . i .  and constant 

temperature ; and the instrumentation and control stand . The a ssembled 

visco seal test stand is shown in Figures 25 and 26 in the Appendix , 

pages  77 and 78 ; the a ssembled oil stand is shown in Figure 33 , page 85 ; 
and the a ssembled control stand is  shown in Figure 38 , page 90 . No 

flexible lines are showrl on any assembly drawings .  Parts lists are 

shown with each a ssembly drawing , and the make and model of all 

purchased items are given in Table IV. 

Of the eight systems that service the test area , the most 

involved is the hydrostatic bearing system. Justification of the 

decision to employ hydrostatic bearings is simple 9  there is no more 

direct nor more economical way to achieve the desired results .  The 



TABLE IV 

MAKE AND MODEL OF PURCHASED ITEMS 

Commercially 
available Manufacturer 

item number 
1 Apco 
2 Robertsha�Fulton Control s C ompany 
3 Robertshaw-Fulton Controls Company 
4 U . S .  Gauge 
5 U . S .  Gauge 
6 Unknown 
7 Unknown 
8 Bently Scientific Company 
9 General Electric Company 

10 Globe Woven Belting Company 11 Microswitch Corporation 
12 Whitnon Manufacturing Company 
13 Illinois Testing Laboratorie s ,  Inc . 
14 Whitnon Manufacturing Company 
15 C .  A .  Norgren Company 
16 C .  A .  Norgren Company 
17 Jackes-Evans Manufacturing Company 
18 C .  A .  Norgren Company 
19 Hewlett-Packard Company 
20 American Brake Shoe Company 
21 Unknown 
22 Unknown 
23 U . S .  Navy Surplus 
24 Meletron 
25 Circle Seal 
26 Unknown 
27 Vacco Valve Company 
28 U . S .  Motor 
29 American Brake Shoe Company 
30 American Brake Shoe Company 
31 Bendix Aviation Corporation 
32 Vacco Valve Company 
33 U . S .  Gauge 
34 Bendix Aviation Corporation 
35 Budd Company 
36 Bently Scientific Company 

Model number 

10In2 
Unknown 
Unknown 
19583 
18636 
Unknown 
Unknown 
D-152 
5CD187E203 
No . 200 Apache 
BZE-7RQT2 
B257D 
139818 
B257DUTI 
10-015-004 
701-200-11 
B2P2 
12-001-012 
506A 
FC0423102 
Unknown 
Unknown 
307795 
302-155 
5159T-6T-300 
Unknown 
NV-6P-4o2-2M 
310579 
B5939 
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35-11707-X 
5-S-13460-16-D-0 
NVA-6P-404-2M 
18913 
Unknown 
P-350 
E-30 



TABLE IV ( Continued) 

Commercially 
available Manufacturer 

item number 

37 Rubicon Company 
38 Unknown 
39 Hewlett-Packard 
40 Lewis Engineering Company 
41 Electronic Instrument Company 
42 Unknown 
43 General Electric Company 
44 Westinghouse Corporation 
45 Cutler-Hammer 
46 General Electric Company 
47 General Electric Company 
48 Westinghouse Corporation 
49 General Electric Company 
50 Hallowell 

Model number 

67122 
Unknown 
522B 
10 s 18 
221 
Unknown 
CR2943A200A 
32063-B 
Unknown 
9T51TI07 
9T51Y32 
NP45824-A 
Unknown 
Unknown 
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power a given visco seal dissipates must be determined , and only 

two readily feasible methods are known to the author by which thi s 

determination may be accomplished . The first method , the calori­

metry analysis ,  was rejected on the basis of excessive instrumenta­

tion and operation costs to achieve the desired precision ; therefore , 

the method of free-floating the sleeve is the most likely alternative . 

Design calculations for the selected bearing geometry ( see Figure 29 , 

page 81 in the Appendix) for both the hydrostatic radial and thrust 

bearing are shown in a report by Stair (14) . 

The sealant is  supplied under pressure at 0 to 75 p . s . i .  gage . 
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The sealant supply tank stores approximately one gallon of sealant and 

is  pressurized by compressed nitrogen. The pressure in the nitrogen 

cylinder is  approximately 2000 p . s . i .  gage and is reduced through two 

pressure regulators connected in series . The second preb�ure regulator 

is  used to adjust the sealant supply pres sure.  

To reduce the limits of precision on the pressure indication 

system an arrangement was devised to measure low pressures in the seal 

with manometers in inches of sealant and to switch to Bourdon tube 

pressure gages to measure higher pressures .  

Thermocouples were inserted in the test sleeve thirty mils 

radially from the seal , and the temperature of the sealant is a ssumed 

to be equal to the temperature recorded . 

An interesting problem encountered was :  how may the distance 

between two close surfaces be measured without allowing any mechanical 

contact between the two surfaces .  It is  clear that since the sleeve 



must be free-floating , no torque on the sleeve due to the contact 

friction associated with a dial gage indicator can be tolerated . In 

general , three types of systems are proposed for the solution of this 

problem { 15) . The first is the optical system , which is  quite accurate 

but was rejected for this confined application because it is awkward 

to use a The second is the capacitance system, which works on the 

principle of an inverse function between the capacitance in a circuit 

and the proximity of the two surfaces to each other . This system was 

rejected because the presence of the sealant between the two surfaces 

introduces a variable dielectric and this affects the capacitance in 

the circuit . The third system is the inductance system, which was the 

one selectedo The inductance system operates on the principle of an 

inverse function between the inductance in a circuit and the proximity 

of the two surfaces to each other . Unlike the capacitance ,  the induct­

ance in a circuit is  not significantly affected by the presence of 

sealant between the sleeve and the test spindle .  

The cooling coils were located close to the test spindle­

sleeve interface to provide the maximum control over the temperature 

of the sealant . 

The drive motor selected has an operation range between 

300 and 2500 r .p . m. , but by interchanging the pulleys on the high­

speed spindle and the low-speed spindle the test spindle may be 

operated at either 2 1/2 or 10 times the motor speed ( subject to 

the horsepower limitations on the drive motor) .  The direct=current 



drive motor and all pulleys are balanced to minimize vibration of the 

test stand . The belting selected is  designed for high-speed appli­

cations in the range required for this study. 

57 



CHAPTER IV. STARTUP AND ANALYSIS 

In this chapter , problems encountered during startup and 

operation of the vi sco seal tester are presented along with 

changes nece ssary to overcome th ose difficultie s .  A portion o f  

the data obtained i s  pre sented and compared with test re sults 

of other investigat ors .  

There were three maj or problems encountered in the 

startup of the hydro static bearing system. The fir st problem 

was the inability of the oil to return from the hydrostatic 

bearing s  to the sump tank by gravity flow at the flow rate 

required by the bearings. To solve thi s  problem , a small vane 

pump unit was placed on the floor under the test stand and con­

nected into the line between the hydro static bearings and the 

sump tank to pump the oil back to the oil stand . A gate valve 

was po sitioned in the line between thi s small return pump and 

the sump tank to regulate the flow of the oil back to the sump in 

order to make the flow to and from the test stand equal and t o  

prevent the vane pump from pumping air into the sump tank . To  

facilitate the adjustments nece ssary to equalize the flow rate 

t o  and from the test stand , a small sump pan was placed on the 

t e st stand just below the hole in the test stand table top . This 

small sump collects the oil before its return to the large sump 

tank on th e oil stand through the small return pump unit . 
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Figure 40 ( see page 92 in the Appendix) shows the return pump and motor 

unit used , the small sump , and a revised schematic diagram of the part 

of the system that was changed . In addition , the drainage system away 

from the bearing block on the test stand wa s  not adequate for the flow 

rate required . Therefore , a small dam wa s  placed around the bearing 

block to allow the bearing oil to drain through the table top into the 

small sump . A drawing of this dam is  also shown on Figure 40 .  

The second problem encountered i n  the hydrostatic bearing 

system wa s  an excess of air bubbles  in the oil , as indicated by 11air 

hammer" in the pump . An extension wa s installed on the oil return 

line to dump the oil into the sump tank at the opposite end of the 

tank from the point where the oil discharges from the tank into the 

heat exchanger . By this arrangement , the oil was given more time to 

settle , and the noise in the pump was diminished considerably. 

At one point the test sleeve began to show signs of lack of 

freedom. Upon removing the test sleeve from within the hydrostatic 

bearing block , a large quantity of small particles were discovered 

between the test sleeve and the hydrostatic bearing surface . Examina­

tion of the final filter on the discharge side of the oil pump 

revealed extensive damage . This third problem wa s caused , in the 

opinion of the investigators ,  by operational procedure . During 

shutdown it had been customary to simply shut off the oil pump drive 

motor after shutting off the test spindle drive motor . This procedure 



left the lines on the discharge side of the pump empty ( see Figure 24 
in the Appendix , page 76 ) .  When the oil pump wa s restarted a sudden 

surge of oil at a high pressure pas sed through the filter , causing 

its eventual failure . A new procedure wa s  initiated in which during 

shutdown the gate valve in the line to the manifold is closed before 

the oil pump drive motor is shut off , for�ing the oil through the 

relief valve during the last few seconds of operation" Oil i s  

therefore left in the line between the pump and the relief valve . 

During startup the pump motor is  started before the gate valve is  

re-opened , eliminating the surge o n  the filter .  

One final point should be made concerning the hydrostatic 

bearing system. The bearing block was designed to be positioned 

concentric with the test spindle at room temperature ,  so that the 

test sleeve would be positioned concentric with the test spindle 

when the oil flow ratt through each pad was approximately equal . 

At operating temperature , ho·wever , the bearing oil heats up the 

hydrostatic bearing block and thermal growth takes place ,  positioning 

the centerline of the hydrostatic bearing slightly higher than that 

of the test spindle .  Therefore , in order for the test sleeve t o  be 

positioned concentric with the test spindle , it must be positioned 

in an eccentric position relative to the hydrostatic bearing block 

when the bearing oil is at operating temperature . 
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One of the most important systems a s  far as  data output 

is  concerned is the pressure indication system. It i s  the pres­

sure gradient , or the plot of sealant pressure versus seal length , 

which given an indication of the effective seal length , and the 

slope of thi.s line indicates the increment of pressure per incre= 

ment of seal length of which the given seal geometry is capable 

under the given conditions . It is important 9 therefore , that 

the limit s of precision on the pressure indication. system be as 

small a s  possible.  The investigators felt that the pressure 

system as designed did not provide small enough limits of pre­

cision. One major error that became obvious during operation 

wa s that no method was provided by which the lines to the pres= 

sure gages could be bled to eliminate bubbles in the lines . 

During the early operation of the tester , violent bubbling of 

air into the pressure line was observed . Thi s phenomenon , 

although not fully understood , is  attributed to a combination 

of an air ingestion effect (16) and the circulation of air 

trapped in the sleeve . The bleed lines were provided , but they 

did not solve all of the problems which the air bubbling created . 

No  matter how much the lines to the pressnre gages were bled , air 

continued to be trapped in the lines , making the gage elevation 

corrections inacc:'Curate .  Air bubbles also b ,came lodged in the 

plastic tubing that served as  the manometers and were removed 

only with extreme dl� ficulty. In addition , pressure loss due to 

the sealant passing through one valve and several feet of tubing 
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before it reached the manometer board contributed to the error in 

the manometer readings .  It was the opinion of the investigators 

that the combination of all of the problems enco·untered in the use 

of the pressure indication system as designed made that system 

unacceptable and a new pressure indication system was designed and 

constructed . The new system was designed with a s  little tubing 

between the pressure taps and the pressure indicator as  possible 

and with a bleed line located in such a manner a s  to eliminate as  

many bubbles from the system a s  possible . In addition , the pressure 

indicators were located on the same elevation as the centerline of 

the test spindle to eliminate the need for elevation correction. 
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Figure 41 in the Appendix (page 93 ) shows the new pressure 

indication system. Six mercury manometers and three pressure gages are 

located on a stand at the same elevation as the test spindle . The seal­

and supply pressure and the first two pressure taps are read either on a 

gage or a mercury manometer , and the pressures at the last three pres­

sure taps are measured on mercury or water manometer s .  This stand i s  

located beside the test stand , and sealant flows through the flexible 

plastic tubing from the pressure taps on the test sleeve to a tee above 

the sleeve . Out of one side of the tee extends the flexible tubing to 

the pressure indicators ;  out of the other side of the tee extends the 

bleed line . Gate valves in both the lines to the pre ssure indicators 

and the bleed lines may be set to route the sealant through either line . 

When the lines to the pressure indicators are first filled with water , 

air bubbles may be bled out of the lines from the test sleeve to the 



tees to eliminate most of the bubbles in the system. This system is  

considerably more accurate than the previous system and has operated 

satisfactorily. 

As has been stated , one maj or source of bubbling was believed 

to be the circulation of air trapped in the sleeve . In a later alter­

ation, the bubbling due to air entrapment was successfully eliminated 

by drilling a hole in the test sleeve for a bleed line at the top of 

the cavity. Only a slight amount of bubbling in taps Number 4 and 5 ,  

except for operation i n  the turbulent range , wa s observed thereafter . 

Some difficulty was experienced in obtaining precise torque 

readings ,  but the difficulty was overcome by altering the procedure 

rather than the equipment . In the initial procedure , a zero �as 

recorded at zero speed and the strain was read at each speed after 

manually lifting the torque arm and allowing it to settle on the beam. 

A zero wa s  again taken at the end of each series of runs , and the two 

zeros were not often in agreement . By the revi sed procedure , a zero 

6) 

is read at the beginning of each run after vibrating the test stand , a 

strain is  read at the speed for that run after the test stand has again 

been vibrated , the test spindle i s  stopped after each run , and the 

table is again vibrated and another zero strain read . The initial 

and final zero strains are averaged together to establish a working zero 

strain. The zero i s  observed to increase a slight amount with each 

increa se in speed . At no time is  the torque arm lifted from the beam. 

That the revised procedure is considerably more accurate is  obvious when 

the difference in the data spread before and after its initiation i s  

observed. 
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Figures  20 through 23 show data points obtained during the 

" shakedown" operation of the tester employing a seal with approximately 

the same screw thread geometry as  used by McGrew and McHugh . 

Screw Thread Geometr� Tested 
a = 1'+. 5  degrees 

Screw Thread Geometry Tested 
b� McGrew and McHugh 

� = 3 .38 
j = 0 . 631 

a = 11+. 5  degrees 
1:3 = 3 . 86 
y = 0 . 625 

Water wa s  the sealant used ,  and a radial clearance of O v 0035 inch was 

selected . The computed theoretical sealing coefficient and dissipation 

function for laminar flow with this screw thread geometry are 11 . 373 and 

0 . 622 , respectively. The experimental data were obtained by operating 

the test spindle at various speeds while measuring the dynamic torque on 

the sleeve ( to compute power dissipation) ,  the average temperature of 

the sealant (to compute the viscosity) , the operating speed , the dis-

tance between the test sleeve wall and the test spindle at the probe 

locations ( to compute the eccentricity) , and the sealant pressure at 

locations along the shaft . A value for d pldL was obtained by pl0J:.ting a 

pressure profile , drawing the best linear fit , and computing a � p/�L 

based on the intercepts of the curve . From the raw data thus obtained , 

the value for the sealing coefficient and dissipation function were 

obtained from Equations ( 17 ) and ( 19 ) , and a value for the Reynolds 

number as defined by 

( 29 )  

was computed at each speed . 
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Consider Figure 20 , in which are shown circles (runs 1 through 

41) that were recorded using the original pressure system and diamonds 

(runs 42 through 92) that were recorded using the revised pressure 

system. The revised pressure system produces data that have less 

spread than the data produced by the original system . During runs 1 

through 92 large numbers of bubbles were observed in the manometer 

lines during the transition from laminar to turbulent flow due to the 

air entrapment in the sleeve . In runs 107 through 151 and runs 161 

through 182 (circled points ) an insignificant number of bubbles were 

observed in the system in the lower turbulent region. 

The data in runs 183 through 226 were taken as the seal 

operated in an eccentric positiono Contrary to the conclusion drawn 

by McGrew and McHugh ( 10) , experimental evidence indicates that the 

effect of eccentricity in the laminar region appears to be negligible .  

Eccentric operation in the turbulent region was observed t o  increase 

air ingestion and to decrease the value of the sealing coefficient . 

The data in runs 152 through 160 were taken after the tester had been 

idle for several days with water in the sleeve . Upon operation , a 

large quantity of bubbles were observed in the system in the laminar 

region. Oil wa s rubbed on the screw, and the bubbling cea sed . The 

investigators concluded that the water had wetted the seal during the 

long period of inoperation , allowing an increase in air ingestion. 

These results suggest that the wettability of a sealant may be a 

significant factor in air ingestion. 
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As may be observed in Figures 20 and 21 , the test results from 

this study agree with the experimental results obtained by McGrew and 

McHugh ( 10 )  in the turbulent region onlyo Although there is  not sub­

stantial proof , it is  the opinion of this author that the low speeds 

and corresponding low pressures made an accurate pressure distribution 

along the seal difficult to obtain at the lower Reynolds numbers 

corresponding to the laminar region , where significant disagreement 

exists between the experimental results reported by McGrew and McHugh 

and tho se reported in this study. At low pressures the pressure dis­

tribution may be biased by two different pressure indication systems 

and is subject to considerable interpretation in obtaining the 

appropriate sealing pressure-to-effective seal length ratioo  

The data in Figure 22 ( runs 1 through 106 )  were taken using 

the original torque-measuring procedure , while the data in Figure 23 

( runs 107 through 226 ) were taken using the revised procedure . The 

improvement is  evident . 

From the foregoing discussion it may be concluded that 

1 .  The visco seal test stand presented and discussed 

in this study has been fabricated and operated 

successfully and has produced reasonable data . 

2.  The data discussed in this study are of the same 

general nature as  those published by McGrew 

and McHugh . 



) . The data obtained in the laminar region agree 

reasonably well with the theoretical values of 

the sealing coefficient and dissipation function 

as predicted by Equations (17)  and ( 20 ) ,  
respectively. 

In addition, some conclusions may be suggested concerning the visco 

seal in general. These conclusions are 

1 .  The effect of eccentric operation i n  the laminar region 

is negligible , but in the turbulent region eccentric 

operation increases air ingestion and decreases the 

value of the sealing coefficient . 

2 .  The wettability of a sealant may be a significant 

factor in air ingestion. 

It should be noted that the general conclusions drawn regarding the 

visco seal are of a preliminary nature . 
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PARTS LIST 
f1\RTN� DESCRIPTION OM:i. N� 

1 1 7  A.C.  MOTOR CA I -5 1 1 - -· 

1 18 PADDLE PUM P CA l -52 
1 1'"1 GATE VALVE CA l-53 
1 20 SUMP TANK VS- 1-R I 
12 1 OIL DAM (3 SIDES) 1!7- 1 - R , 
122 OI L DAM ( I  S IDE) VS-1-R 
123 UNISTRUT STAND CAl - 54 

!24-125 PRESSURE GAGUE CAI-4  
126:. PRESSURE G AG U t:.  CAHS 127-130 MANOMETER CAl-55 ! 

f31-132 MANOMETER CAI-5� i 133 BRAC.KET - . �1 -57_] 
NOTE : CAl- INDICATES COMMERC IALLY AVAILABL E 
ITEM . FOR MAKE: AND MODEL OF ITEMS 
LISTED SEE TA3Lt: -sz:. .  

(='=�� 
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Figure 40 .  Hydrostatic bearing system revisions . 
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