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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

DEC 2 §1378

50-322, 50-397
APPLICANT: Members of Mark II Owners Group
SUBJECT: - MEETING WITH MARK II OWNERS GROUP TO DISCUSS THE STAFF'S

MARK II CONTAINMENT ACCEPTANCE CRITERIA RELATED TO
SUBMERGED STRUCTURE DRAG LOADS - NOVEMBER 15, 1978

Docket Nos.: 50-358, 50-352/353, 50-367, 50-373/374, 50-387/388,

Background

The Mark II Owners Group notified the staff at a meeting held on
October 19, 1978 of certain exceptions they would propose with respect
to our pool dynamic loads acceptance criteria. The purpose of the
meeting on November 15, 1978 was to discuss their proposed exceptions
to our criteria related to submerged structure drag loads and the bases
for these exceptions.

An attendéhce 1ist and meeting handouts are enclosed.

Summary

Exceptions to our acceptance criteria for submerged structure drag loads
were proposed in a number of areas, including:’ 1) LOCA/SRV water jet
loads; and 2) LOCA/SRV air bubble loads.

For our criteria related to LOCA water jet Toads, the Mark II owners
provided the results of their analyses to determine the significance of
the acceleration drag loads. These analyses include a disturbance of

the jet flow field by the target such that a zero normal boundary condition
is satisfied. This is in contrast to the staff's criteria which assumes
that the flow field is not disturbed by the target. Their treatment of
the flow field shows a potential for a large reduction in the staff's
criteria for LOCA jet induced acceleration drag loads. However, the staff
raised a number of questions regarding assumptions implicit in this new
methodology. We require that these questions be resolved before thes
‘loads can be considered negligible. .
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The Mark II owners showed films of scaled tests to support their argument

' that the penetration of the water jet is limited, since the jet assumes a

mushroom shape upon entrance into the pool. They maintain that a substantial
fraction of the kinetic energy of the jet is converted into vorticity. Thus
they conciude that a good representation of the flow field can be generated
by an analytical model based on the movement of a vortex ring. This model

is currently under development by the Mark II owners. The staff stated

that this approach appears promising. However, it is doubtful that we

would receive documentation describing the model in time for its use by

the lead plant applicants.

The Mark II owners also proposed to take exception to several of our
criteria associated with LOCA air bubble submerged structure drag loads.
These included acceleration drag coefficients, the equivalent uniform flow
velocity and modification of drag coefficients to account for interference
effects. A summary of our related discussions is provided below.

Our criteria for acceleration drag coefficients used in the calculation of
air bubble associated drag loads are based on a bounding approach. A
value of three times the standard drag coefficient was chosen to bound both
the situation of uniform flow characteristic of most pool swell phenomena
and the oscillating flow that is characteristic of SRV actuation. The
Mark II owners proposed a modification to our criteria wherein they would
specify separate criteria for uniform and oscillating flow fields. For
uniform flow fields, unpublished data of Sarpkaya was referenced which
jndicates that an upper bound of 1.4 can be justified for the standard

drag multiplier. For oscillating flow fields, they propose direct application
of the Keulegan-Carpenter corrections for standard drag coefficients. The
staff stated that the proposed approach appeared reasonable and that the
unpublished date of Sarpkaya should be submitted to substantiate their
proposed uniform flow field criteria.

The staff's criteria specify that the maximum velocity "seen" by the
structure should be used in submerged structure drag calculations. The
Mark II owners proposed use of the velocity at the center of the structure.
The results of their analyses were provided to support their view that this
methodology satisfies our criteria. In addition, they discussed problems
they would have in applying our criteria. The flow field may be very
complicated due to the presence of multiple sources and sinks. Thus,
determination of the point of maximum velocity may be very costly. They
proposed that sensitivity studies be performed by each A/E to define

a multiplier that may be easily applied to the velocity calculated at the target
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geometric center. The staff identified several problems associated with
this approach. First, we stated that their argument for the velocity
at the center of the target being a maximum did not cover the case of
offset targets. The approach of establishing a simplified approach such
as defining a muitiplier to the velocity at the center of the target
appears reasonable, However, we stated that this shou]d be pursued
generically instead of on a plant unique basis.

The staff criteria specifies that for certain conditions, a multiplier of
4 times the standard drag coefficient be used to account for interference
of nearby structures. The Mark II owners proposed performing analysis on
a plant unique basis. Data were referenced to substantiate their view
that our criteria is unrealistically high. The staff stated that an
alternate approach to our interference criteria, based on references to
available data, appeared reasonable. However, the references should be
clearly specified. In addition, generic guidelines should be developed
to cover those cases which involve extrapolation to conditions outside
those tested. Again we stated that exceptions to our criteria should be
approached on a generic rather than plant unique basis,

The staff stated the need for a follow up meeting on this topic of
submerged structure drag loads, to enable us to resolve some of the

concerns raised in this meeting.
1 g ‘ i ? (!,
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Clifford Anderson, A-8 Task Manager
Containment Systems Branch
Division of Systems Safety
Office of Nuclear Reactor Regulation

Enclosure:
As Stated

cc: See attached pages







Mr. Earl A. Borgmann
Vice President - Engineering

The Cincinnati Gas and Electric Company

P. 0. Box 960
Cincinnati, Ohio 45201

cc:

Troy 8. Conner, Jr., Esq.
Conner, Moore & Corber

1747 Pennsyania Avenue, N. W.

Washington, D. C. 20006

Mr. William J. Moran
General Counsel

The Cincinnati Gas and Electric

Company
P. 0. Box 960
Cincinnait, Ohio 45201

Mr. William G. Porter, dJr.

Porter, Stanley, Arthur
and Platt

37 West Broad Street

Columbus, Ohio 43215

Mr. Peter H. Forster, Vice
President

Energy Resources

The Dayton Power and Light
Company

P. 0. Box 1247

Dayton, Ohio 45401

J. Robert Newlin, Counsel

The Dayton Power and Light
Company

P. 0. Box 1034

Dayton, Ohio 45401

Mr. James D. Flynn

Manager, Licensing
Environmental Affairs

The Cincinnati Gas and
Electric Company

P. 0. Box 960

Cincinnati, Ohio 45201

Mr. J. P. Fenstermaker

Senior Vice President - Operations

Columbus and Southern Ohio
Electric Company

215 North Front Street

Coulubus, Ohio 43215

David B. Fankhauser, PhD
3569 Nine Mile Road
Cincinnati, Ohio 45230

Thomas A. Luebbers, Esq.
Cincinnati City Solicitor
Room 214, City Hall
Cincinnati, Ohio 45202

Mr. Stephen Schumacher
Miami Valley Power Project
P. 0. Box 252

Dayton, Ohio 45401

Ms. Augusta Prince, Chairperson
601 Stanley Avenue
Cincinnati, Ohio 45226



Mr. Norman W. Curtis
Vice President - Engineering
and Construction
Pennsylvania Power and Light Company
2 North Ninth Street
Allentown, Pennsylvania 18101

cc:

Mr. Earle M. Mead

Project Manager

Pennsylvania Power & Light Company
2 North Ninth Street .

Allentown, Pennsylvania 18101

Jay Silberg, Esq.

Shaw, Pittman, Potts &
Trowbridge

1800 M Street, N. W.

Washington, D. C. 20036

Mr. William €. Barberich,

Nuclear Licensing Group Supervisor
Pennsylvania Power & Light Company
2 North Ninth Street )
Allentown, Pennsylvania 18101

Edward M. Nagel, Esquire

General Counsel and Secretary
Pennsylvania Power & Light Company
2 North Ninth Street

Allentown, Pennsylvania 1810l

Bryan Snapp, Esq.

Pennsylvania Power & Light Company
901 Hamilton Street

Allentown, Pennsylvania 18101
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Mr. Byron Lee, dJdr.

Vice President

Commonwealth Edison Company
P. 0. Box 767

Chicago, I1linois 60690

cc: Richard E. Powell, Esq.
Isham, Lincoln & Beale
One First National Plaza
2400
Chicago, I11inois 60670
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Niagara Mohawk Power Corporation

ccs: .

Arvin E. Upton, Esq. Niagara Mohawk Power Corporation

LeBoeuf, Lamb, Leiby & MacRae ATTN: Mr. Gerald K. Rhode, Vice Preszdent
1757 N Street, N. W, System Project Nhnagement
Washington, D. C. 20035 300 Erie Boulevard West

Syracuse, New York 13202

Anthony Z. Roisman, Esq. -
Natural Resources annnse Council .
917 15th Street, N. W.

Washington, D, C. 20005

Mr. Richard Goldsmith
Syracuse University
College of Law

E. I, White Hall Campus
Syracuse, New York 13210

T. K. DeBoer, Director
Techno1og1cal Development Programs
New York State Energy Office

Swan Street Building

Core 1 - 2nd Floor

Empire State Plaza

Albany, New York 12223 ~




Northern Indiana Public Service Company

ccs:

Meredith Hemphill, Jr. Esq.
Assistant General Counsel
Bethlehem Steel Corporation
701 East Third Street
Bethlehem, Pennsylvania 18016

William H. Eichhorn, Esg.
Eichhorn, Morrow & Eichhorn
5243 Hohman Avenue

Bamond, Indiana 46320

gdward W. Osann, Jr., Esq.

Wolfe, Bucbard, Leydid, Voit & Osann, Ltd.

Suite 4600
One IBM Plaza
Chicago, Illinois bU611

Robert J. Vollen, Esg.
109 dorth Dearborn Street
Chicago, Illinois 60602

Porter County, Izaak Walton
League of America, Inc.

Box 438

Chesterton, Illinois 463vu4

Michael I. Swygert, Esqg.
25 East Jackson Boulevarad
Chicago, Illinois 60604

Richard L. Roobins, Esq.
Lake Michigan Federation
53 west Jackson Boulevard
Chicago, Illinois 60604

Maurice Axelrad, Esq.

Lowenstein, Newman, Reis & Axelrad
1025 Connecticut Avenue, N. W.
washington, D. C. 20036

James . Cahan, Esq.

Russell Eggert, Esg.

Office of the Attorney General
188 Randolph Street

Chicago, Illinois 60602

Northern Indiana Public Service Company

ATIN: Mr. H. P. Lyle, Vice President
Electric Production § Engineering

5265 Hohman Avenue

Hammond, Indiana 46325



Long Island Lighting Company

ccs:

Edward M. Barrett, Esq.
General Counsel )

Long Island Lighting Company
250 O01d Country Road
Mineola, New York 11501

Edward J. Walsh, Esq.
General Attorney

Long Island Lighting Company
250 01d Country Road
Mineola, New York 11501

J. P. Novarro

Project Manager

Shoreham Nuclear Power Station
P. O. Box 618

Wading River, New York 11792

Jeffrey Cohen, Esq.

Deputy Commissioner and Counsel
New York State Energy Office
Agency Building 2

Empire State Plaza

Albany, New York 12223

Howard L. Blau

Blau and Cohn, P. C.

380 North Broadway
Jericho, New York 11753

Irving Like, Esq.

Reilly, Like and Schnieder
200 West Main Street
Babylong, New York 11702 ,

MB Technical Associates

366 California Avenue

" Suite 6

Palo Alto, California 94306

Long Island Lighting Company
ATIN: Mr, Andrew W, Wofford
Vice President
175 East 0ld Country Road
Hicksville, New York 11801




Mr. Edward G. Bauer, Jr.

Vice President & General Counsel
Philadelphia Electric Company
2301 Market Street

Philadelphia, Pennsylvania 19101

cc: Troy B. Conner, Jdr., Esqe
Conner, Moore & Corber
1747 Pennsylvania Avenue, N. W.
- Washington, D. C. 20006

W. William Anderson, Esq.
Deputy Attorney General

Room 512, Main Capitol Building
Harrisburg, Pennsylvania 17120

Frank R. Clokey, Esq.

Special Assistant Attorney General
Room 218, Towne House Apartments
P. 0. Box 2063

Harrisburg, Pennsylvania 17105

Honorable Lawrence Coughlin
House of Representatives
Congress of the United States
Washington, D. C. 20515

Roger B. Reynolds, Jr., Esq.
324 Swede Street
Norristown, Pennsylvania 19401

Willard C. Hetzel, Esq.
312 Main Street
East Greenville, Pennsylvania 18041

Lawrence Sager, Esq.
Sager & Sager Associates
45 High Street ’
_ Pottstown, Pennsylvania 19464

Joseph A. Smyth

Assistant County Solicitor
County of Montgomery ’
Courthouse

Norristown, Peng&ylvania 19404



Mr. EdwardiG. Bauer, Jr.

cc: Eugene J. Bradley
Philadelphia Electric Company
Associate General Counsel
2301 Market Street
Philadelphia, Pennsylvania 19101




Washington Public Power Supply System
ATTN: Mr. Kneil 0., Strand
Managing Director
3000 George Washington Way
Richland Washington 99352

Joseph B. Knotts, Jr., Esq.
Debevoise & Liberman

700 Shoreham Building

806 Fifteenth Street, N. W.
Washington, D. C. 20005

Richard Q. Quigley, Esq.

Washington Public Power Supply System
P. 0. Box 968

Richland, Washington 99352
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NRC/Mark II Owners
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Affiliation

PP&L Co.

GE

GE

GE

BNL

Princeton-(BNL)

NRC/DSS/CS8B

NRC/DSS/CSB

NRC/DSS/CSB

GE

Sargent & Lundy

S&W

WPPSS

WPPSS

GE

GE

S&W

Stone & Webster

GE

EBASCO

GE

GE

B&R

Bechtel

GE (Mk I Program)

Sargent & Lundy

S&L

Commonwealth Edison
" Lilco
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R. L. 0'Mara
J. S. Hsieh
Qale Roth

D. M. 0'Connor
M. G. Michail
T. Y. Chow
D. Toner

W. R. Butler

Affiliation

S&NW

S&M

PP&L
Bechtel
Bechtel

S&W

Lilco
NRC/DSS/CSB
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DISCUSSION QUTLIN

9 LOCA WaTEr JET
® LOCA Aié BuBBLE

® SRV Air BuBBLE
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LOCA WATER JET

NRC CRITERIA

“LLEAD PLANT POSITION

I11 A.1.

(A) AcceLERATION DRAG
IMPINGMENT FACTOR,
R,/ ~ b
A g

(B), (c) POTENTIAL TO
AccounT FOR MoviNG
JET FRONT

LEL
11/15/78

(A) More ReaLisTic BounDARY
CoNDITIONS SIVE
RA/S';\; -3/64

(B), (c) PoTentiAL From
Rine VorTEX MoDEL



@
ACCELERATION DRAGPRIORTO" IMPACT

OF A STRUCTURE AND TRANSLATING

SPHERE

Fl;OW I;IELD SATISFIES ZERO NORMAL VELOCITY BOUNDARY CONDITIONS:

RA/SN -3/64 '

LEL
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WATER JET EXPERIMENTS

Fitms oF 1/13.3 anp 1/4 ScaLe TesTs sHow MusHrooM

NOT BULLET,

- 4 et ey o m

AL ARALARR N Y

o JET KINETIC ENERGY CONVERTED INTO VORTICITY.

0 MoveMENT oF VorTEX Rine Propuces Frow FIELD IN PooL.

COMCLUSION: RING VORTEX MODEL CAN BE EXPECTED TO PREDICT

VENT CLEARING.

LEL
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HATER -JET SOt BSTORS

Acc=LERATION DRAG FACTOR AT IMPIfGEMENT

15 128 SmALLER THAN CRITERION AND IS ATTRACTIVE,

~ Frow FieLp GeENERATED BY RiNe VORTEX MopEeL

APPROPRIATE FOR LoAD CALCULATIONS:




"LOCA AIR BUBBLE (I)

NRC CRITERIA

LEAD PLANT POSITION

(A) INCREASED LoAD FRrom
BuBBLE ASYMMETRY.

(8) Mobiry DRAG COEFFICIENT
BY (3/C = 3

LEL
11/15/78

(a)

()

CONSENT

UsE EXPERIMENTAL .
LITERATURE 7O DETERMINE
ApPROPRIATE VALUE OFCp/Cp
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FIGURE C-1 ACCELERATION CORRECTION FOR STANDARD DRAG
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QSTF RESULTSFOR LOCA-AIR BUBBLE

TARGET  NODEL PREDICTIONCLBF) QSTF MEASUREMENTS(LBF)
A 50 .
B 30 :
C | 290 e

TARGET-LOCATIONS IN-QSTF

f 0]

y
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LOCA "AIR BUBBLE LOADS CONCLUSIONS
0  ANALYTICAL MopEL VERY CONSERVATIVE

0 ANALYSIS OF APPLICABLE EXPERIMENTAL DATA INDICATES
THAT 1.4 1s As UrpPer Bounp FoR Cé/CD (RATHER THAN 3)%,
ApPROPRIATE FACTORS WILL BE CALCULATED DepeNDENT Upron
INDIVIDUAL PLANT GEOMETRY. '

0 Use OsCILLATING FLow RESULTS AT CORRESPONDING
KeuLecAN-CARPENTER NUMBER FOR PooL-SwELL.,

* PupL1SHED AND UnpuBLISHED WORK OF T, SARPKAYA.

LEL 11/15/78 .



LOCA AIR BUBBLE (II)

NRC CRITERIA » LEAD PLANT POSITION

IIT B.1.
(c) Take Maximum VALUES (c) Use CentTer LocaTioNn
oF FLow F1erLp “Seen” FOR ACCELERATION,

BY STRUCTURE
DEFINE MULTIPLIER TO

BE APPLIED TO VELOCITY
AT CENTER

LEL
11/15/78
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EQUIVALENT"UNTFORM FLOW ACCELERATION

Q- 2ma? Uy
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- , EQUIVALENT  UNIFORM FLOW VELOCITY

) Use oF MAXIMUM VELOCITY ”SEEN” BY STRUCTURE Is
IMPRACTICABLE.

- FLow FIELD MAY BE VERY COMPLICATED
CONTAINS MULTIPLE SOURCES AND SINKS

- - DETERMINATION OF PoINT oF Maximum VerLociTy May
BE VERY CosTLY (SCHEDULE AND RESOURCES).

b EacH A/E 10 DO SENSITIVITY STUDY TO DEFINE "A
MuLtipLIER THAT May BE APPLIED TO THE VELOCITY
CALCULATED AT GeEOMETRIC CENTER AND TO ASSESS THE
IMPORTANCE OF THIs EFFECT.

LEL 11/15/78 )
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EQUIVALENT UNIFORM FLOW FIELD CONCLUSIONS

@ AcCELERATION DRAG LoAD 1s CONSERVATIVELY ESTIMATED BY
Usine AcCELERATION AT CENTER OF STRUCTURE.

Y IMPRACTICABLE To IDENTIFY MaxiMuMm VELocITY POINT FOR
EACH STRUCTURE.

®  SENSITIVITY STUDY To DEFINE.
MuLTIPLIER TO APPLY To CENTER VELOCITY.

LEL
11/15/78
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LOCA AIR BUBBLE (III)

NRC CRITERIA

LEAD PLANT POSITION

IT1, B, 1

() To ACCOUNT FOR
(e) INTERFERENCE OF NEARBY
- STRUCTURES MULTIPLY CD

AND ‘YA BY 4

() CHANGE COEFFIENCT FOR
FALL Back Loap

LEL -
11/15/78

(p) DETAILED ANALYSIS OF
(E) -INTERFERENCE EFFECTS
BEING PERFORMED.

———

(F) CoNSENT




INTERFERENCE EFFECTS

‘ e  STANDARD DRAG

- DALTON AND SZABO EXPERIMENTS ON GROUP OF 3 CYLINDERS
AT VARIOUS SPACINGS AND ORIENTATIONS SHOW Cj
ALWAYS BOUNDED BY 1,2,

- 7DRAVKOVICH COMPREHENSIVE HISTORICAL REVIEW SHOWS
THAT IN MOST CASES INTERFERENCE REDUCES STANDARD
DRAG: IN NO CASE IS THE STANDARD DRAG INCREASED
MORE THAN 30% EXCEPT FOR SIDE BY SIDE ARRANGEMENT °
OF CYLINDERS ALMOST TOUCHING ONE ANOTHER, WHEN THERE
IS A 957 INCREASE.

e  ACCELERATION DRAG

~ INTERTIA COEFFICIENT CAN BE INCREASED DUE TO
INTERFERENCE .

- EacH A/E 1s DETERMINING LPPROPRIATE FACTORS.

N

LEL
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INTERFERENCE EFFECTS' CONCLUSION

& A DETAILED ANALYSIS OF INTERFERENCE EFFECTS IS .
BEING DONE AS SUGGESTED IN THE ACCEP?ANCE CRITERION.

LEL 11/15/78




SRV AIR ‘BUBBLE

NRC CRITERIA

~* LEAD PLANT POSITION

ITT. B. 2,

(A) INCLUDE STANDARD
DrAG MAGNITUDE CHECK

(B) ApPLY APPROPRIATE

CoNSTRAINTS D1SCUSSED

WiTH LocAa AIR BuUBBLE

LEL
11/15/78

(a) -ConseNT

()

Use OsciLLATING FLow
ResuLTs TOo OBTAIN Cg.
PosiTtion 1s SaMe ON OTHER
CoNSTRAINTS As IN Loca
AIR BueBLE DiscussioN,
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.SRV_AIR BUBBLE CONCLUSIONS

8 Use OsciLLATING FLow REsuLTS AT APPROPRIATE
KeuLeEGAN - CARPENTER NUMBER TO DETERMINE
CD/CD.

8 LOCA A1r BuseLE ConcLusioNs ON EuIVALENT UNIFORM
FLow FieLp AND INTERFERENCE EFFecTs APpLY HERE ALso.

LEL
11/15/78



RATIO OF ACCELERATION TO STANDARD DRAG FOR JETS

It is evident from the guarter-scale model tests and the
pictures taken at the Stanford Research Institute that the LOCA
water jet does not travel as a bullet.

For the sake of argument, if the jet were to be modelable

by a moving source 'of varying intensity, then the equation (1)
of the reviewer (Reference 1) is correct. However, the subse-
quent arguments lead to overlyconservative results. The force
on a target at the time the jet front touches the target, if

- calculated as proposed by the reviewer, does not account for
the presence of the target. To incorporate the correct target
boundary conditions, one must represent the target with
appropriate singularities and take the mutual images of these
singularities in the axisymmetric half body (representing the
jet slug) and the target. Without such a procedure, the condi-
tion of no flow through the target boundary is not satisfied.

Let us deménstrate the use of a correct procedure for a
doublet approaching a rigid sphere. This corresponds to the
case of two spheres approaching each other along the lines
joining their centers, or to the case of one sphere approaching
the other. )

This case has been treated in the literature (see e.qg.,

y

References 2 and 3).

—U,
Q
W x

Figure 1

D)

\\0’

The correct fomulation of the potential function through
-the use of many image doublets yields the kinetic energy,

33 s 2 '
T =2mp % U.Ub*'ﬂ’;(a’ucfstb’Ub)(' + -.%Xi.b) (1)




Now assume that sphere "b" is at rest, i.e., Ub = 0 then
. b} 23
T:.-!Ifa.’Ua(l-r 30'5) . (2)
3 Xé

The use of the equation of Lagrange (Reference 3) together with
Equation (2) yields the force at the time of the touching of
two spheres, i.e., when x = a + b.

))T‘

F —JF 2X (3)

Assuming, for the sake of simplicity, a = b, one has

e -2 e = 4 lJa , )
F=-2,TP2 U= 25‘6( ﬂ‘pa,) (4

In terms of the acceleration volume vA = l.S-%‘W’a3, one has

= - .g- . _._Z_ Ud-t
’7-4— 25¢ 3 oYa @ (5)

The standard drag for a uniform velocity Ua past sphere"b",
would have been

f; = ét1?l¥p<&)bhf (6)

The ratio of the forces is RA/S

Rﬁ/s = 4 C, A (7)




It should be noted in passing that the sphere "a" is repelled

by the sphere "b".

Let us now assume that the flow field created by the

sphere "a" is not disturbed by sphere"b".

for a moving sphere "a" is given by

3
= L&EAEL Cos &
ar*

The velocity Vr is calculated from

a3
Vr- ..Q_Q Ug & = Cos®

\

Also

Ve = -3Vr. Uy = 3Ua 2’ cos ©
B ar T

At the time of contact Q!?
been

F = e (3Ua)/a

Then the potential

(8)

(9)

=+ 3 Uaz/a the force would have

(10)

When compared with the standard drag, one would have

N S
R‘/s éC.,:ia—

(11)



a a . e
» ‘

Equation (ll) is quite comparable to the Equation (5) of the
reviewer, but it is overly conservative for the reasons cited

above.
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