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SUMMARY 

An experimental study of an externally 
pressurized, gas-lubricated, circular thrust bearing 
with central admission and operating in the inherent 
compensation mode is reported. Gas supply pressures 

,c"e„rw , V?“*? from ^25 ‘o 4-0 atmospheres 
(absolute) while clearances varied from 0.0005 inch 
to 0.005 inch. Three feed-hole radius to bearing 
radius ratios were investigatedî 0.0156, 0.0313, and 

Tw-iThe e/fect °f recess depth was also examined. 
The film entrance pressure loss has been shown to be 
a function of several bearing parameters, and an 
empirical orifice discharge coefficient equation was 
used to predict load and flow curves for a bearing. 
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A STUDY OF FLOW PHENOMENA IN EXTERNALLY PRESSURIZED 

GAS THRUST BEARINGS 

1.0 INTRODUCTION 

< * iIn °rder that a gas"lubricated bearing possess stiffness the gas must be fed 
into the clearance space through a flow restrictor. This restriction may take the form 

an orifice, a capillary, a porous bearing wall, or a control device. Beai-ings are 
WestrwS6!, ^ Wh!Î ÎS termed inherent compensation, in which case the gas flow 
nherentlv PO y ^ ^ ^ °f the SUpply recess- The advantages of mherently-compensâted bearings over the orifice-compensated type are their better 

stability characteristics and relative ease of manufacture. 

Recently, m this laboratory, several bearing applications have been forth¬ 
coming that involved unchanging but large loads necessitating large bearing surfaces 
with consequently large clearances and high flow rates. For these circumstances 
inherently-compensated feeding holes optimized for minimum pumping power are also 

m0delS Sh0Wed that instabilities couldPdevelop With 
this type of thrust bearing despite the fact that the inlet curtain area was at least ten 
times smaller than other restricting areas in the system. A study of the flow phenom¬ 
ena in such bearings was of obvious interest. P 

Several other researchers have studied flows in thrust bearings because of 
thro.ííh11!? 7 analytlcal methods used to treat these flows (Ref. 1 to 11). The flow 
through the feeding recess curtain area has been treated until recently by the orifice 
equation. This equation, however, assumes a total loss of dynamic head downstream 
of the orifice and this has not been found to be the case (Ref. 6). Supersonic flow and 
shock wave phenomena are also known to occur in the feeding regioï of gas bearings 
further complicating the analytical treatment (Ref. 8). Recently, Vohr (Ref 6 9) has 
suggested a method of correlating the pressure drop across the edge of the feeding holes 
pipes™8 0f a dynamiC head factor as used commonly for entrance losses for How in 

mof im uChr 8 WOrk haS been extended somewhat by work at the Franklin Institute 
thatf,f..r!hphOWeVtr’- agreT?at ^as not been complete, and both reports have suggested 
the results (seeFig8 1)^ determine any systematic variations of the scatter in 

twofold aJ of experimental work described in this report has been undertaken with th< 
twofold aim of confirming and extending the correlation of Vohr. especially as it mai 

detPeLL S7f ydCTP?nSatefd bearingS With large feedin& recesses, and also to 

wm™™Æhre“S typeot bearl"B' Thls lat,erphase ot the wort 

! 
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L\0 K X P K RI M K NT A L DETERMINATION OF THRUST BEARING PRESSURE 
DISTRIBUTIONS 

2.1 General Description 

The experimental apparatus is shown in Figure 2. A circular thrust pad, 
2 inches in diameter, with a single central feeding hole, moves over a 6-inch diameter 
lower block. as shown in Figures 3 and 4a. Figure 4b is a schematic representation of 
the apparatus. The two blocks were fabricated from 17-4-PH stainless steel and then 
hardened to Rockwell C47. The upper and lower bearing faces were ground, lapped, 
and polished flat to within a quarter of a wavelength of Helium light (=* 4 micro-inches). 

A brass plug was let into the hardened surface of the upper block to permit 
systematic changes in the feeding geometry. Bottled nitrogen, used for all the experi¬ 
mentation. was fed into the top of the upper block then through the feeding restrictor 
into tac clearance space. The height of the clearance space was measured by three 
capacitance-type distance measuring probes and was set by three differential-screw 
legs on which the upper block slid over the lower. 

The upper bearing block horizontal movement was measured by a dial indica¬ 
tor (Starrett 656-F 1 inch) in the longitudinal direction, and was restricted laterally 
by flat plates that served as guides for ground and lapped flats on the sides of the bearing 
block. A travelling microscope was used to position the lateral retaining plates so that 
the centre line of the feeding hole passed over a 0.001-inch diameter pressure tap in 
the centre of the base plate. Coincidence of the axes of the feeding hole and the pres¬ 
sure tap could also be confirmed, to within 0.00025 inch, by locating the point of max¬ 
imum pressure in the pressure tap with a small (0.004-inch diameter) orifice inserted 
in the feeding hole. 

The 0.001-inch diameter pressure tap hole was drilled into a brass plug 
(diameter = 3/16 inch) set into the lower bearing face. A pressure transducer was 
set into the lower block underneath the pressure tap so as to provide a dead space 
approximately 0.001 inch deep. This allowed rapid response by the pressure trans¬ 
ducer. The waiting time between readings was of the order of one minute. 

Vertical movement of the upper block due to the pressure in the clearance 
space was avoided by a spring-loaded arm acting through a steel ball resting in a conical 
cavity in the top of the slider. Clearance height could be maintained to within ±30 micro¬ 
inches. 

2.2 Capacitance Distance Measuring Probes 

Capacitance probes for maximum gaps of 0.001 inch and 0.010 inch have 
been fabricated in accordance with the design procedure set out in the Wayne-Kerr 
Distance Meter Handbook. One of these probes is show1 in Figures. A vee-block 
and a flat pad made to allow accurate calibration of these small probes are shown in 
Figure 6. In these pieces flatness, parallelism and perpendicularity tolerances were 
kept as small as possible. (All experimentation was conducted in a laminar flow work 
area of a temperature-controlled clean room.) 
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2.3 Pressure Measurement 

In Figure 2Ga8 s Wly Pree,n w « of ger(cs Qf manometers ag ^ 

=r - -- —- ÄrÄS vYl'veupetStte 

chamber hewL^rtn/otr^Tpr™ ^ " —“"^d 
the cell was measured by manometer whife The pressure >n 
Potentiometrie recorder. Tr ex^tation voH°UtpUt WaS reCOrded on a 
cell batteries through a potential divider eireS/ WaS provided by dry 
circuit allowed accurate of6^ «cL,inPv“ reS,St°r ,n the d,V,der 

2.4 Gas Flow Measurement 

passed through a pressure re^S^anïVfghqualiiirfilteî bef aH teSt8‘ ThC gaS 
Kontes precision flowmeters Thp fign qual ty, filter before measurement by 
technique, confirmed by a s'areent Wet Tmaf8 WerG ^a^^rated by a water displacement 
ment accuracy of hetter than foe^ent M^8 and allowed a measure- 
theoretical flow rates caMaLTuataê ino “— ÍT rates were “mpared with 
cussed In the following Section. * * mea8ured olearance and pressure as dis- 

3.0 ANALYSIS OF RESULTS 

3.1 Flow Equations 

between two plates has bee^useï^o^alculate"1^?»8^1?’ i®otherma1’ viscous flow 
values of clearance, h Ästure,““, rld^'í* ü™ ^ ^ 

12 pRgT, m 

trh3 
log.ir/r) 

(1) 

a correctiotf for ?«rt“ÄTthe isothe™al-‘ Vohr (Ref. 6) made 

(tf-\PV\/2g> tr0m the pre8aure byThert^—Slc?6 Thf" method*' fpre88ure 
tion has been used for the results reported here. Q Th method of correc- 

3.2 Correlation of Entrance Pressure Drop 

., . Tbc correlation of entrance pressure k 
the gas is accelerated isentropically from stagnat proposed by Vohr assumes that 

conditions in the feeding hole to 

» A complete derivation of this equation is given In Reference 5. 
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fill the whole clearance space, i.e. with no vena contracta present. The i’esulting 
dynamic pressure is then correlated by 

K pd^n = entrance pressure loss = P5 - p (2) 

where p is the pressure that would exist at the entrance to the clearance space if 
equation (1) applied to the whole region, i.e. p = p, for r = r4, and p4 is the supply 
pressure - the stagnation pressure in the feeding hole. k 

The dynamic pressure is a function of the Mach number since 

and (see Ref. 15) 

P 
e k + 1 

2(1 Mj2) 

k/k-l 

X (4) 

which for nitrogen becomes 

P, 
0.528 1.2 

1 + 0.2 M 

3 5 

(5) 

Following Vohr, we have also 

M* = 
P, 

m 

c* a, p, 
0.634M, 1.2 

1 + 0.2 M 2 
for nitrogen (6) 

and this may be expressed as the polynomial 

M,6 + 15 M,4 + 75 M,2 
137 c*a, ps 
- M; + 125 
m 

0 (7) 

3.3 Computational Analysis 

A Fortran IV program was written to analyze the experimental data and a 
complete transcription is appended. The pressure measurements were integrated to 
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l0ad “T'“5'.’ and eqUa*ion (1) was 80lved for several radii near the 
to Section1? ,W Trn lnertia eife„CtS OOUld be handled bV the approximation mentioned m Section 3.1. The averaged flow rates calculated at several radii were 

compared with the measured flow rate as a test of the experimental method. 

u ... ., measured flow and clearance were substituted into equation (1) alone 
with the radius of the feeding hole, r,, to give a value for the pressure at r which 

T„ad8 the Press¡;re that wou^d «ist at r, if inertia effects were negligible 
and the flow was everywhere viscous. The resultant pressure, p , was usedRto cal¬ 
culate the well-known gas-bearing pressure ratio Kg where 

Kg = 
P, - Pc 

(8) 

RpvnniH« Jhe mea®ured flow rate was also used in the calculation of the entrance 
Reynolds number, m/ir r, jig. An equivalent orifice discharge coefficient was then 
found assuming that the orifice pressure drop was the difference between the suonlv 
pressure, p,, and the pressure at the entrance to the clearance space o It wa«? ahsn 
assumed that the orifice area was equal to the inherent area'.' 2a r? h or 

Cd = m 

27rr,h P, * (A) (©“ ■ © 
k. -,1/2 

k 1 
(9) 

Tiaivyr ?qU.^íon was then solved by theNewton-Raphson iterative technique usine 
the IBM scientific subroutine POLRT. As there are two real roots to the equation Z 

aJd suPersonic solutions, the pressure profiles in the entrance region were 
amined for pressures less than the critical pressure, 0.528 p , in which case the 

supersonic Mach number was selected. The static pressure at the entrance was next 
computed from equation (5) and consequently the dynamic pressure o and thp 
entrance pressure drop factor, K. ^amic pressure, pdyn, and the 

4.0 RESULTS 

4.1 Extent of Tests 

0 01563 0P03125 !nd nf i 1,T f were carried out for values of Rs equal to 
rilo!/3, 0,i)3125’ and °-3’ while supply pressure ratios were varied from 1 25 to 4 0 
Clearances ranged from 0.0005 inch to 0.005 inch. irom i. ¿o to 4. u. 

4.2 Pressure Distributions 

diatriHi.ti J!everal featuras °J the experimental set-up have combined to allow pressure 
diQtrÍ*UtÍOn m®asurements of very high accuracy. The pressure tap hole of 0 001-inch 
diameter resulted ta good spatial resolution, while the pressure transduce, witi 
minimum dead space" avoided longdelays for pressure equilibration. Figures? shows 
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í 
« 

three of the pressure profiles taken at a feeding-hole radius ratio of 0.03125 and a 
supply pi essuie latió of 2.0. Illustrated here is the well-known change of pressure 
profile with clearance, ranging from a nearly completely viscous case, to the case 
where inertia effects are marked, and then to the supersonic flow pattern with one or 
more shock waves standing in the clearance space. Superimposed on the experimental 
points are the theoretical curves of equation (1 ), with inertia correction, using the 
measured flow rates and measured clearances. As stated earlier, a mean flow rate 
was calculated in each case using several pressure measurements at the outer radii 
in equation (1). Agreement between the calculated and measured flows of within +6 per¬ 
cent was considered acceptable. 

4.3 Effect of Supply Pressure 

The effects of several variables were investigated and the results of these 
will now be discussed. In Figures 8 and 9 the effect of supply pressure ratio on 
bearing pressure distribution is shown at different clearance heights. For a clearance 
of 0.001 inch (Fig. 8), the bearing entrance pressure drop increases with supply 
pressure, as would be expected, because of the increasing mass flow rate. 

The effect of the increasing mass flow rate on the kinetic component of the 
pressure is quite noticeable at a supply pressure of 2.5 atmospheres. The pressure 
distribution shows a recovery of static head as the mean flow velocity decreases with 
increasing radius. 

The effect of supply pressure at a clearance of 0.004 inch is shown in 
Figure 9, plotted on expanded scales for clarity. It can be seen that the minimum 
pressure attained decreases and the subatmospheric region extends to larger radii as 
the supply pressure increases. The nearly vertical pressure jumps for the three 
higher pressure ratio cases are probably due to shock waves standing in the clearance 
space, although the probability of this phenomenon is still a matter of discussion (see 
for example, McCabe et alia. Ref. 10, p. 36). 

Some confirmation of the presence of a shock wave is obtained by applying 
supersonic flow theory in the manner of Mori (Ref. 8). This is illustrated in Figure 10 
The experimental pressures at r - 0.10 agree very closely with the theoretical 
menially corrected viscous profile. Using the matching criterion of Vohr, Reference9 
that the after-shock pressure match the viscous-inertial profile, the shock position is ’ 
slightly downstream of the position it would have if the total pressure or purely viscous 
profile (eq. (1)) were matched with the after-shock pressure. In either case the 
theoretical shock position agrees quite adequately with the steeply rising portion of the 
pressure profile that was previously said to indicate a shock position. It was also 
found when recording profiles such as shown in Figure 10, that the pressures in the 
radius range 0.06 to 0.09 showed ñuctuations of the order of * 2 percent. 

4.4 Effect of Recess Depth 

Other work in this laboratory by E.H. Dudgeon (Ref. 14) has shown how an 
optimization of the pumping power requirement for a bearing may lead to feeding-hole 
diameters that are quite large. For this reason we studied not only large single dia¬ 
meter feeding holes but also feeding holes with recesses, where the edge of the recess 
was the main flow restrictor. Figure 11 shows the variation of the entrance region 
pressure profile with recesses of different depth. For a gap height of 0.001 inch the 
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bearing is inherently compensated and the supply pressure extends nearly to the edge 
of the recess. A slight orifice effect at the feeding hole is noticeable for the smallest 
recess depth (0.005 inch). In this case the ratio of orifice area to the inherent restric¬ 
tion area at the edge of the feeding hole (not the recess) is slightly less than one. 

For the large clearance cases an orifice pressure drop is present for all 
recess depths since the orifice area and inherent restriction area of the recess (27t r h) 
are now nearly equal. The larger recess depth bearings establish a steady "post¬ 
orifice" pressure over a smaller outer portion of the recess, but this is not evident 
with the smallest recess depth, where the flow from the orifice does not "notice" the 
recess at all. It is important, then, when designing recessed bearings that an operating 
clearance is chosen, and maintained, that ensures operation as an inherentlv- 
compensated bearing at all times. 

4.5 Large Radius Ratio Supply Holes 

As previously mentioned, inherently-compensated bearings with large radius 
ratio supply holes are of interest when compressor power requirements are optimized 
It is also possible that a pressure depression at the edge of a large radius ratio supply 
hole could affect the bearing’s stability. A series of tests was made with a second 
upper block assembly (see Fig. 12) having a supply hole diameter of 0.6 inch. i.e.. a 
radius ratio of 0.3. This ratio was chosen to be the same as that for another larger 
diameter bearing being used for stability studies. Figures 13. 14. and 15 show the 
resulting pressure distributions. 

In general, the same pressure distribution shapes were found as foKthe 
smaller radius ratio cases. The adverse pressure gradients due to the inertiafs. 
pressure component are again evident. Because of the large supply-hole radius, the'' 
cross-sectional area at the entrance to the clearance space is large and sub-critical 
pressures occur only at the largest flow rates. 

In contrast to the lower radius ratio tests, where the measured and calculated 
flows in general agreed quite well, the flow measurements for the large radius ratio 
tests showed a consistently increasing disagreement with the calculated values. This 
can be seen in Figure 16. where the disagreement between calculated and measured 
flow is plotted against entrance Reynolds number. The trend is for the calculated flow, 
based on equation (1) with inertia correction, to become increasingly larger than the 
measured flow rate as that measured flow rate (expressed as entrance Reynolds 
number) increases. This indicates the inadequacy of the inertial-viscous flow model 
under flow conditions that are almost certainly turbulent. The critical Reynolds 
number for reverse transition from turbulent to laminar flow has been discussed by 
several authors, whose findings are summarized by McCabe et alia in Reference Í0. 
The criterion of Chen and Peube (Ref. 12). as verified experimentallv by Kreith 
(Ref. 13), is that 

where rc is the minimum radial distance for reverse transition. If we examine 



Figure 16 and select an entrance Reynolds number of 2000 as the maximum at which 
measured and calculated flows are in agreement, we have 

8.6 h 
1/2 

Thus, choosing h = 0.002 inch as representative of the maximum h for 
Reynolds numbers less than 2000, we have rc ^ 0.4 inch. For higher Reynolds 
numbers the turbulent zone will extend even farther and calculations based on the 
laminar flow equations will be increasingly inaccurate. (Chen and Peube in fact sug¬ 
gested that the flow does not become completely laminar until the inertia terms are 
very small.) 

4.6 Entrance Pressure Drop Correlation 

Figure 17 summarizes the entrance pressure drop information obtained 
during these tests. The results of tests at a radius ratio of 0.3 that were not reason¬ 
ably well fitted to the viscous-inertial flow curve have been omitted. Also shown, as 
black squares, are the experimental points reported by McCabe et alia, Reference 10. 
Several probable error estimates are shown, since it is increasingly difficult experi¬ 
mentally to keep the error in K small as the clearance and Reynolds number are 
reduced. Points lying to the right of the dashed curve represent cases where the 
pressure in the entrance region was subcritical and consequently Mach numbers were 
greater than 1.0 for the calculation of the dynamic pressure. It is evident that the 
simple Reynolds number correlation of Reference 6 is not adequate. In addition, the 
extreme difficulty of making accurate measurements of the small difference p, - p¡ 
at low Reynolds numbers precludes the use of this correlation over a large part of the 
subsonic range. 

Dudgeon, in Reference 14, has shown how the bearing entry pressure drops 
may be treated in terms of a variable orifice coefficient 

where k is a factor depending on supply-hole radius, r„ and the radius ratio, R,. 
k can be read from Figure 18, which is reproduced from Reference 14. The pressure 
ratio P0 is equal to po/p0 where p0 is the pressure at the entrance to the clearance 
space for a purely viscous pressure profile that has a load capacity equal to the actual 
bearing load capacity. 

Figure 19 compares theoretical and measured load and flow curves for an R, 
of 0.0313 and a supply pressure ratio, P$, of 2. The analytical method used to calcu¬ 
late loads and flows is described in Appendix B. The agreement between calculations 
and experiment is more than adequate for design purposes especially at the design 
point, Kg = 0.65, chosen for maximum stiffness as well as optimum radius ratio. 
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5.0 CONCLUSIONS 

It has been demonstrated that over a wide range of radius ratios and supply 
pressures the entrance pressure losses are functions not only of film entrance Reynolds 
number, but also of clearance height to recess radius ratio, supply pressure ratio, and 
film entrance pressure ratio. An empirical orifice discharge coefficient equation 
involving these parameters allows adequately accurate prediction of loads and flows for 
centrally-fed, inherently-compensated, thrust bearings. It is recommended that the 
entrance Reynolds number be kept low enough that flow be laminar over the outer half 
of the bearing, i.e. for all r > r,/2, hence the viscous-inertial flow model can apply. 
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FIG. I ■ ENTRANCE LOSS CORRELATION DUE TO VOHR (REF. 6) 
AS EXTENDED BY McCABE , et alio , (REF. 10)

FIG. 2 : EXPERIMENTAL APPARATUS
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F1G.3 : UPPER AND LOWER BEARING BLOCKS
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FIG. 4a : FEEDING HOLE TEST ASSEMBLY
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F1G.5 : CAPACITANCE-TYPE DISTANCE MEASURING PROBE

FIG.6 ; PROBE CALIBRATION SET-UP
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FIG.9 : EFFECT OF SUPPLY PRESSURE ON PRESSURE DISTRIBUTION 
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FIG. 10: SHOCK POSITION IN CLEARANCE SPACE 
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A RECESS : 1/16" DIA x 1/16" DEEP 

0 RECESS : 1/16" DIA. x O.OIO"OEEP 

x RECESS : 1/16" DIA. x 0.005"DEEP 

FEED HOLE DIA. : 1/ 32 in 

FIG. II . EFFECT OF RECESS DEPTH ON PRESSURE 
DISTRIBUTION 
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FIG l2o : LARGE RADIUS RATIO BEARING BLOCK

FIG 12b ; VIEW OF BEARING SURFACE, SUPPLY HOLE 
AND CAPACITANCE PROBES
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FIG. 13: PRESSURE DISTRIBUTIONS FOR Rs = 0.3 AND Ps=2.0 
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RADIUS (in) 

FIG. 14 : PRESSURE DISTRIBUTIONS FOR Rs = 0.3 AND Ps=3.0 
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FIG. 15 : PRESSURE DISTRIBUTIONS FOR Rs = 0.3 AND Ps=4.0 
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ENTRANCE REYNOLDS NUMBER =m/Tri>g 

FIG.I6: COMPARISON OF CALCULATED AND MEASURED FLOW RATES 

FOR BEARING WITH Rs*0.3 ! 
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BEARING DIA. = 2.0 in ; SUPPLY-HOLE DIA. = 0.0625 in 

SUPPLY PRESSURE RATIO = 2.0 

O- LOAD ( lb) FROM INTEGRATED PRESSURE DISTRIBUTION 

• -MEASURED FLOW RATE (cum/sec) 
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FIG. 19 : COMPARISON OF EXPERIMENTAL AND THEORETICAL LOAD 

AND FLOW CURVES 
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APPENDIX A 

FORTRAN IV LEVEL G PROGRAM 

FOR THRUST BEARING FEEDER HOLE TEST DATA ANALYSIS 



- 31 - PRECEDING PAGE BIANH 
0000100 
0000200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000900 
0001000 
0001100 
0001200 
0001300 
0001400 
0001500 
0001600 
0001700 
0001710 
0001720 
0001730 
0001740 
0001800 
0001900 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002600 
0002700 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003600 
0003700 
0003800 
0003900 
0004000 
0004100 
0004200 
0004300 
0004400 
0004500 
0004600 
0004700 
0004800 
0004900 
0005000 
0005100 
0005200 
0005300 
0005400 
0005500 
0005600 
0005700 

C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

14 

90 

20 

21 

51 

52 
100 

22 

30 

THRUST BEARING FEEDER HOLE TEST DATA ANALYSIS 

A_Pmp,„TE TO T„E ioTpp’o'c«^™ ” ,E 

01 MENS I ON OF PA L 1*1 ITS NIIM TO 7 

se(1!2ï7fn;;!s^^t«- constant (mv/psi, 
FORMAT ( I 2,F8.5) 

sImék ofpA?;;aï pa 
HPEN-0.0 
IP(J.NE.l) GO TO 90 
XINC.1./2.54 
YINC-1./2.54 
DIMENSION XP4R(2) 
DIMENSION YPAR( 2) 
XPARC1)«7.0 

XPAR(2)«38./2.54 
TPAR(1)*5,0 
TPAR(2)»25./2.54 
IND-1 
PEN-8.0 

CALL PSAVE(IOOO) 

DIMENSION TEXT(39) 
DIMENSION PEXT (26) 
DIMENSION TEXP (3) 
DIMENSION PEXP{4) 
DIMENSION PXPAR (10) 
DIMENSION PYPAR (10) 
PEAO(1,20) (TEXT(1),1-1.39) 
FORMAT(20A4/19A4) 
REAO(1,21) (PEXT(I), 1-1 26) 

FORMAT(20A4/6A4) 
PEAD(1,51)(TEXP(I),1-1.3) 
FORMAT(3A4) 

REA0(1/52)(PEXP(I),1-1,4) 
FORMAT(4A4) 
I COUNT-154 
PXPAR(1)-5.0 
PXPAR(2)-20.0 

PXPAR(7)-2.0-.25/2.54 
PXPAR(8)»,25/2.54 
PXPAR(9)-1.0 
PYPAR(1)-3.0 
PVPAR(2)-12.0 
PYPAR(7)-1,0 
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o n n s « o ri 
miSTíin 
mofioon 
oonfinn 
0006210 

0006^00 

OOOOttOO 
0006600 

0006600 

0006700 
0 0 0 6 R 0 0 

0006000 

0007000 

0007100 

0007200 

0007000 

0007600 

0007600 

0007600 

0007700 

00 0 7 R10 
0007000 

OOOSOOO 
OOORIOO 
0O0R7OO 

OOOSOOO 
0 O 0 R 4 0 0 

0 0 0 R 6 0 0 
0O0R6O0 

00OR7O0 
000 R R 00 
ooorooo 
0000000 
0000100 
0000200 
0000000 

0000400 
0000600 
0000700 
OOOOROO 
0000000 
0010000 
ooioioo 
0010200 
0010600 
0010400 
0010500 
0010600 
0010700 
0010800 
0010000 
0011000 
0011100 
0011200 
0011300 
0011400 
0011500 
0011600 
0011700 
0011800 
0011000 
0012000 

DYPAO(8)=0,0 
CM I, P0INT2 (TFXT, IC Ol INT, PX PAO, PYPA1 ) 
I C1tlNT=12 
PXPAP(7)=R.O 
PYPA0(7)= i.O 
CALL P0 I '¡T2 ( TFXP, I COUNT, PXPAP, PYPAP ) 
I COMNT*102 
PX PAP (0)-2.0 
r,X PAO (7) = 1.0 
PX PAO (R) * 0 . 0 
DYPA0(7)=2.O-.25/2.54 
PYPAO(R)=.25/2.54 
CALL POINT? (PRXT,I COUNT,PXPAP,PYPAR) 
I COUNT»16 
PXPAO(7)=0.0 
PY PAO( 7)= 5.0 
CALL POI NT2(PRXP,I COUNT,PXPAO,PYPAO) 

6 OF A0( 1,4) PA ( vl ) 
4 FOO'IAT( F R , 0 ) 

C PA(J) IS THF ATMOSPHFOIC POFSSUOF IN MILLIMFTEOS OF MERCURY CORRECTED TO 
C ZFOO OFOOFFS CFNTIOOADF. 
C DIMENSION OF ARRAY PATH .OE. NO. OF RUNS 

DIMENSION PATH(7) 
PATM(J)=PA(U)*.010338+.006 
N=1 
10 = 1 

C N IS A COUNTER FOR THE MEASUREMENTS IN EACH RUN (DATA SET) 
C ARRAYS IN SUBSCRIPT N MUST BE DIMENSIONED IN THE APPROPRIATE 
C SUBSCRIPT AT A VALUE .OF. NO. OF MEASUREMENTS MADE IN THE 
C LAROFST DATA SET 
C IN ARRAY DIMENSION (X,Y) X .OE. NO. MEASUREMENTS/RUM ( MAX. N) 
C IN ARRAY DIMENSION (X,Y) Y .OE. NO. RUNS (MAX. J) 

DIMENSION R(65,7),PRMV(65,7),PRO(65, 7),PR(65,7),PRATIO(65,7) 
1 READ(1,2)R(N,J),PRMV(N,J) 
2 FORMAT(2F7.0) 

C R(N,J) IS THE RADIUS IN INCHES AT WHICH THE CORRESPONDING PRESSURE 
C PRMV(N,J) IN MILLIVOLTS WAS READ. 

6 PRG(N,J)»PRMV(N,J)/GAUGE 
PR(N,J)=PRO(N,J)+PATM(J) 
PRAT 10( N,J)«PR(N,J)/PATM(J) 
IF(N.EO.l) GO TO 70 
GO TO 80 

70 WR ITE(3,71 ) 
71 FORMAT (1H1) 

WR IT E(3,7 2)J 
72 FORMAT(12H RUN NUMBER» ,12) 

WRITE(3,73) 
73 FORMAT(//67H RADIUS MVOLTS GAUGE PRESS ABSOLUTE PRESS 

1PRESS RATIO /) 
80 WR!TE(3, 7)R(N,J), PRMV( N, .1) ,PRG(N,J),PR(N,J),PRATIO(N,.J) 
7 FORMAT(?X,F7.5,5X,F8,4,5X,F7.4,7X,F7.4,RX,F7.4 ) 

IF (R N,J),GE. 1.0) GO TO 8 
N*N+1 
IF(R(N-1,J).GT..38) GO TO 10 
IO»IO+l 
DIMENSION XPPAR(6),YPPAR(5) 

10 GO TO 1 
8 SUPP«PR( 1,,1) 

CALL BLOAD(PRO,R,J) 
CALL BFLOW(PATM,J,SUPP,GAUGE) 

XPPAR(1)»7.0 
XPPAR(2)«38./2.54 
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0012100 
0012200 
0012300 
0012400 
0012500 
0012600 
0012700 
0012800 
0012900 
0013000 
0013100 
0013200 C 
0013300 
0013400 
0013500 
0013600 
0013700 
0013800 C 
0013900 
0014000 
0014100 
0014200 
0014300 

XPPA9(3)«0. 
XPPAR(4)-2.54/100. 
XPPAR(5)*18.0 
YPPAR(l)-5.0 

13 YPPAR(2)-25./2.54 
YPPAR(3)«0. 
YPPAR(4)»0.254 
YPPAR(5)»HPEN 
CALL POINT(R(1,J),PRATI0(1,J), IO.XPPAR,YPPAR) 
HPEN-HPEN+1.0 
J“J*1 
PLOT CHANGER IF J EQUAL TO THE NUMBER OF FIRST RUN OF NEW GROUP 
IF(J.EQ.6) GO TO 40 
GO TO 41 

40 CALL PAGE 
GO TO 30 

41 CONTINUE 
CUTOFF OCCURS IF RUN COUNTER (J) .GT. NO. OF RUNS 
IF (J.GT.NUM) GO TO 9 
GO TO 3 

9 CALL PENO 
STOP 

END 
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ononioo c 

onnoïno 
nnnouno 
ooonuon 
OOnObOO 250 
0000700 200 
0000800 270 
0000100 
0001000 
0001100 
0001200 
0001Î01 
0001400 280 
0001500 
0001600 
0001700 
C001800 
0001100 210 
0002000 
0002100 215 
0002200 500 
0002300 
0002400 

sïïïmSÉ P,"SU,,E 0'ST,'9UTI0" 
P1G(65, 7),0(65,7), PP1G( 6 5,7) 

SUM=0 
N* 1 

IP (KM,.))-1.0) 2.60,210,710 
IF (R(N+1,J)-R(N,J)-. 01) 280, 280, 2 70 
: PincN.i,j).PRr,(N,j))/(R(N+i,J).R(N,j„ 

SUM «SUM ♦ OLOAD 
N « N ♦ 1 
60 TO 250 
PPRG(N,J) « (P1G(N,J) ♦ P1G(N*l,J))/7. 

"eMM141Í»ÕÍ?(N4l,J>*R(N+l'JJ.RÍN^)) 
SUM « SUM ♦ PPRG(N,J)*ARFA 
N*N+ 1 
GO TO 250 
WRITE(3,215) 
WR I TE(3, 3 00) SUM 
FORMAT(1H0) 
FORMAT (17H LIAO CAPACITY 
RETURN 
END 

",F10.3,8H POUNDS ) 

0000100 C 
0000200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000100 C 
0001000 c 
0001100 c 
0001200 C 
0001300 C 
0001350 C 
0001400 5 
0001500 
0001600 
0001700 
0001750 
0001800 
0001100 
0002000 
0002100 

Ä!2i ÄS.»»* ** 
PEAL*4 KG 

DIMENSION PATM(7),PRMVC5),PRG(5),PR(5),PRR(5) R(5) 
£ ^NSION PSUPP( 5 ), PSG( 5), PS( 5), FLOW( 5), AREA( 5 ) WSPFCÍ 5) 
n uric 2N ,WFLOW( 5 ), WMF AS ( 5 ) ,QCORR( 5),WCORR( 5) 
DCAn/? ^C^F(7),COF(7),ROOTR( 7), ROOT 1(7) 
PEAD( 1,5) TEMPC,TEMFC,CLEAR,RIN,PAM«3 

TFÎfr nEf5REES centigrade 
TEMFC IS TME FLDWRATOR GAS TEMPERATURF IN DEGRFFS CFNIiroinc 
AVERAGED OVER THE RADIUS RANGE 0.4 TO 0.8 INCHES ‘ 

CLEAR IS THE BEARING CLEARANCE ( INCHES ) 
RIN IS THE RADIUS OF THE FEEDING RECESS IN INCHES 

(MILLIVOLTS) 

DENS ■ 13.516-.002457*TE.MPC 
TEMPR«491.7+1.8*TEMPC 
TEMFR«491.7+1.8+TEMFC 
PAMB ■ PATM(.I) ♦ PAMB/GAUGE 
SUM1«0.0 
SUM2' ).0 
DO 100 I « 1,5 
Rd) - (13.0 ♦ FLOAT( I ))/20.0 -.005 
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0002200 C 

0002300 C 
0002400 C 
0002500 C 
0002600 C 
0002700 
0002800 10 
0003000 55 
0003100 
0003200 
0003300 
0003400 
0003800 
0003900 
0004000 60 
0004100 
0004200 
0004300 75 
0004400 
0004500 
0004600 
0004700 
0004800 100 
0004900 
0005000 
0005100 
0005200 
0005300 HQ 
0005400 
0005500 
0005600 
0005700 
0005800 
0005900 
0006000 
0006100 
0006200 
0006300 121 
0006350 
0006400 125 
0006500 130 
0006600 135 
0006700 
0006800 
0006900 120 
0007000 
0007100 C 
0007200 C 
0007300 C 
0007400 C 
0007500 C 
0007600 
0007700 
0007800 
0007900 
0008000 
0008100 
0008200 
0008300 

695,.745,.795,.845, 

_ IN POUNDS PFR 
TEMPEPATUPF ARE MADE WITHIN 

I)*PR(I ) *AREA(I ) 

T0 K ^ '» ™ ™ won o 
DeliBB/i» S THE PRESSURE AS MEASURED in MILLIVOLTS 

. S THE Sl,PPLY PRESSURE IN INCHES OF MERCURY 
FLOccBnuB s THE MPASURED but uncorrecteo >»as flow rate 
oc. OND. the CORRECTION FOR PRESSURE > 
READ(1,10) PRMV(I ),PSUPP(I ), FI0W(I ) 
FORMAT(2F10.4,F10.7) 
PRG( I )»PRMV( D/GAUGE 
PR(I)-PRG( l)*PATM(J) 
PSG(I)*PSUPP(l)*DENS*.03613 
PS(I)»PSG( I )+PATM(J) 
WSPEC(I )-.00151*SUPP/TEMPR 
«Brw Í !1 ',FL0''Í( I )*SQRT( 36.05*PS( I )/TFMFR) 
AREA(I )-6.28 3*R(I)*CLEAR 

iÏarea(i))*WMEAS(,)*WV,EAS{,)*supp/(5,,6'2*wspec( 
PR(I ) « PR( I ) + DFLPP 

WC0RR( I ) -f)CORR( I )*WSPEC( I ) 
SUM1»SUM1+WC0RR(I ) 
SUM2-SUM2*WMEAS(I ) 
CONTINUE 
AVER1-SUM1/5. 
AVER2-SUM2/5. 
ERROR-(AVER2-AVER1)*100. / AVER2 

AVER1, AVER2, ERROR 

5)¾.ri».,. 

RPI«PI/PATM(j) 
DIFF-SUPP-PI 

KG-(PI-PATM(»I) )/(SUPP-PATM(,l) ) 
RE«0.31856E*06*AVER2/PIN 
RATIO-PI/SUPP 

cb1u»t?‘121) RP'/Ratio^iff 

Ä?;2i528> 1,0-Iî5-1’5 
ARG-RATIO**1.4 29-RAT 10**1.713 

miî?(5,!ii*;25;;"5''55'c55*''",-cu,,'-SOPT'TEMP'!)-s,>i!T<'>'>i>> 

NO. 

SUBROUTINE POL RT IS USED TO DETERMINE MACH NUMBER AT ENTRANCE TO GAP 

M-6 

sî;î:î2i:rER2*(TEMp^*o-s,/(p,N‘cLEAp*^pp> 
XCOF(2)--137.1/CONST 
XCOF(3)-75.0 
XCOF(4)-0.0 
XCOF(5)-15.0 
XCDF(6)«0.0 

895 



- 36 - 

0008400 
0008500 
0008600 
0008700 
0008800 
0008000 
0000000 
0000100 
0009200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000000 
0010000 
0010100 
0010200 
0010300 
0010400 
0010450 
0010500 
0010600 

140 

145 

150 
160 

180 

100 

XCnF(7)»1.0 
CALL P0L9T(XCOF,C0F,M,OOOTR,ROOT 1, 1ER) 
WR I TE(3,140) 1ER 
F0RMAT(////2X/,IER-M2) 
WR I TE(3,145) 
FORMAK/ZSX, 'REAL ROOTS M OX, ' IMAG ROOTS') 
00 160 1-1,6 
WR ITE(3,150) ROOTR(I ), ROOT 1(1) 
FORMAT!3X,F9.4,11X,F9.4) 
CONTINUE 

ORATl-0.52828-(( 1.2/(1. + 0.2*ROOTR(1)*ROOTR(1)))--3.5) 
DRAT2-0.52828-(( 1.2/(l. + 0.2*ROOTR(2)*ROOTR(2) ))--3.5) 
PE1-0RAT1-SUPP 
PE2-ORAT2-SUPP 
POYNl-SUPP-PEl 
PnYN2-SUPP-PE2 
VOHR1-DI FF/POYNl 
VOHR2-OI FF/POYN2 
WRITE(3,180) PEI,PE2, POYN1,POYN2,VOHR1, VOHR2 

FORMAT(/2X, 'PENT1-',F6.3,3X,'PENT2-,,F6.3,3X,'P0YN1-',F6.3,3X, 
1'PDYN2«' ,F6.3,3X,'KVOHR1-',F6.3,3X,1KVOHR2-',F6.3) 
CONTINUE 
RETURN 
ENO 
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APPENDIX B 

CALCULATION OF LOAD AND FLOW RATE FOR A CIRCULAR THRUST 

BEARING WITH A SINGLE CENTRAL INLET 

The full derivation of the following equations can be found in Reference 14. 

The load is given by 

w = FW, A P„ <P - D 

where the load factor, Fw,, for inherently-compensated bearings can be related to that 
for the orifice-compensated case by 

wo 
J—" Kg r2 

Kg 

and 

F wo exp(<r2) ] 
for viscous isothermal flow. 

The volumetric flow rate is 

with 

Q = 
Fq h3(Po2 - 1) Pe 

6m 

FQ 2 log, (1/R,) 

The clearance is given by 

h = 
0.694 

where AS| is an inherently-compensated version of the well-known bearing restrictor 
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coefficient modified by the use of equation (10); that is 

« may be read from Figure 18. 




