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Th« mean presanbwl araao of Bull Irrwgiilw shaped stool fM^wnta, within 

■nd beyo«! the low limit of the loosahedron gage, were naaaured by a new 

method.    Thi» taohnlqua, baaed upon the free fall of a fraffient in a riacoua 

fluid airf the fragsant weight, yielde raaulta oaiparabla in accuracy to the 

ioosahadron gaga; an ayarage dariation of k.5% atd a mailmuni derlation of 

10% tron tme values were obaerred.    For fra^enta below 30 graine.an Mpirlaal 

expraaaion for presented area waa dBtarmin;*d,ae followa; 

n v • »a 

A      -    Mean presented area, taken in the manner of the current Uteratura *a 

i of the total surface arae (aq.  erne.). 

W      -    Weight of fragnent   (grana). 

V      -    leminal »elooity of frapnent  CciaB./iec). 

Iii K2    -    Conetanta depending upon the fluid density, vlacoalty, and temoeratura. 

Kj 4 Kg - .0758 and .^700 for liquid sathyl silicone fluid (Dow-Coming 

200 Fluid, density 0.971 ©oa/ccS at 25° C ,  kinematic Tiecoaity,  ?00 

centletokes at 25°    C , and teat temperature of 25° C    ♦, 2" 0 )• 

The expresaion above holda for chunky fraanonta with no major concave 

contours. 



Th« id« for »•»■urgent of fngatnt pr«B«ntad arw by fall in a 

TUOOUB fluid -a« g«»rat»d    by Hr. B.  Falrbanka of Technical L»boratorjr 

Serrlcoo, TSKL, Picatinny Arsanal, and 1B  r«port»d in Rafereno« 6.    Th« 

author wish« to tjcpi^o» hi» appreol&tion to Mr.   Pairbank«,  and   hia 

•BBoelat«, Mr.  R. HoCloud, for thsir ■••iatane* in connection with th« 

*ork reported hanin. 

.:«« .   ■   . Hi.   • 
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For «.~1 friert. b-V» 30 gr.ln »«181«. «~» P~"«*«l •~» •" »• 

....ur.<l .Ith .U.pl. «ol^.* 1" • r«.™»!» "»■ «• "•"«• a"1"--"" 

of k.3» -* ■ ««I«™ a»rt.tlo.i of IM «.. •oM.n«i 1» tMl ™..«r«..nt for 

chun^ fr«g»ont,B with no »»Jor eono*TO eontouro. 

Thw ros-at« wor« obtalnoil with 32  fr^ont» Includln,»: 

B.    «Bndon BhBpod BtoBl Bholl frB^ontB pMTlouBly ■MBttr«d 

on th. looB.h«lron g.j. «t B. R. I»  (13.5 to 32 gr.ln.). 

b. StBBl p.rBUBloplp«dB, orllndorB, mi Bph.rBB (0.32 to St 

gMln»). 

c. BI»BB ojllnlBrB (0.97 to  5.1 gPBli») 

D.tB obtBlnBd IndloBtod th.t tho ne«n pr...i*«l «rB. (.B dBfln.d b.lo«) 

of rmdo. Bh.pBd Bto.l frBB-ntB undor 30 ».H» BubBBrlbB to th. foUowln! 

BHplrloal BxproBBlom 

7 . M Equation   (l) 
II ♦  •   «2 

whBr.1    » • Mra prB.«it.d .r~ or I of th. tot.l B^f.o. Br.., 

in th. iBBnnBr of th. curr.nt lltBr.turB (BQ,  cmB.). 

W - fragwnt wBlght (gnas). 

7 - TomlnBl «lodty of fra^.nt (CMB./OBC.). 

Hi t I2 -  .075« and  .1.700 for liquid «othyl Blll.onB fluid  (Dow- 

Corhln, 200 tlnld,  d.nBlt,,  0.971 »-/W» -t  25»C,  klnB..tlo 

TlBB..lt,, 200 oBntlBtotoB M 25O0. «"> "bl«* t^.r.tor. of 

3500 . 200). 



HIMQCTIO» 

I„ tl» p»nuM of «-I»" ItK'liW for.».», th. »a pr...nt«i "» 

0, . „Mo. **M tr.*.* in tr» m^t .pp..r. .. . .l^tlo.nt d«.™^ 

tb. .«.«..ion for th. d,« for., prodncin, . n.s.tlr. .«.l.r.tl.n on 

the frafftMit la aa tollo«: 

- M a - Cd A^lV2 

whar«: 
a - aeoalaration 

H - «aaa 

A - praBtntad ar«* 

,0 - air danaltj 

V - «looltj 

Cd - coafflrf-ant of drag 
Th. Man pr«.r*-d ar« (X).  can b. .W to ba aqual to ona-fourth of 

tha aurfac. .«a of th. fragpant.    Har.aft.r, tha »aan pf*** »r« «7 

be referred to »Imply a» A. 
B,for. th. -«« of th. l.o~h.dror. M. In 19». «- ....ur».nt of 

th. I of . trimmt. -. - •«"-« ">»■*"■ 1"*,,' U,k 1"TOl',i"' ' 
p«, «nr r«dlng..    ».E.L. B.port »o. «7 ft.. th.t th. loo.^ron 

g.g. e»U »I» • «MM—* in 1... th» on. Mr Ith » .«»11 ln- 

,t™.nt .rror of . 5« »d ... ll^t« to fr.^.rt. .l»r. .023 I.  In. 

for Ä.    Th. «thod of thl. rwort -1- *-•!»• "» •»■•«—"' •' —U 

fr^nt. «th no ob..r,M lo~r ll^t In I a« In th. .-^«««1» •>-* 

time of ton nlnut.a or laaa. 

B HBH 



Kr.  B«rnani falrbank« in hli InstnuwntitIon R«port Ho. TB-3«0-5«/l 

dated Juiw 12,  1958,  "DatermlMng th« Pr«»«nt«d Kr** at a Tn&mt trat 

Its T.ralMl V«locit7 In « OrtWM CoH»i",  .uggfrst-d the UM of the t«™inal 

Telocity in Au«» allioone fluid and developed »n empirical eqaatlon for 

J of epharea of different sizes. 

The subject of this report ertende the »ethod of free fall through a 

fluid for the deteiwlnation of mean preaented area to shapes other than 

spheres.  I.e., to other «gular shapes and to the practical ease of saall 

random shaped fragnents. 
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SimUM Of BE8OT.T8 

TUU» rwlr •l-P«' fr.^.«. ».» " ■P""". •m»'"». •»■ •"'- 

^a., p.r.u.upip-. .10« -i" ww-" '"«-"" """ —"^ "1", th* 
following roBult»! 

5qu»tlor (1) .St-» 

(1) .32- 6-2 

(1) 1.0 -18.5 

(1) 13.5 -32.3 

Mo-  °f 

T«Bfd 
BB 

* Avcroga 

Frcm Tme Bjam 

5.5 

3.8 

5.4 

4.6 

Br&BB Cjllndira 

Copper Sptw-r« 

3teel Sphoroi 

Steel Spheres 

U-unlrm« Cj-llnder» 

2.6 

1.4 

6.3 

2.0 

o.u 

(l)      .98- 5.2    .053-.21 

(1)    4.137 .U7 

(3) .84-54.      .045-.70 

(4) .84-54-      .045-70 

(5) .41-2.0      .067-232 

The I for regular eh-ped fr^ent-, calculafd fro- th. t.r-inal «loclty 

«.«* .ent .nd e^etlon CD, -r. compart to th. .alu«  *** b, fe the total 

surface area. 
Ih, I tor th. Irr-piT .h.U frwKOt., =.l~l.l«l fro. th. t.™ln.l 

„loolty ....ur».nt ,nd .^tlon (l), «r. .W»M to th. «1«. r.=.l.- 

trc. K-. H. F^Hllrttl of th. B.lll.tlo R....r=h L.bor.torl.a. 

Ah .r.r.t. d«l.tloh of 4.3» for 32 d«.™lh.tlon. ~. .=hl.™d 1« 

using equation (l). 

* Ä - Mean preaented ar.» 

.   



«Iji    ..imunui     J . .J.i    i "•"»"" »ILWII 

MMMBU BMflBW 

For tk. »«-.Utl». ««> «ÖJrt« " ""• -»"*•» -P«»l «U»t»- 

.hlp ««U M »- to —ur. I, r.^r «Mri «.Ö .711»»" .rf r«««.^ 

p«Urt-^-. ~r. Mrl..t«i.    Ih... -r. -.- to th.  .p..lfl..tlon th« th. 

MW. MU. or -Ö— ro^r to rinl— ro^lr <W»1«. b. MtU. th. Utfrt 

of i tt 5 — th« th. -l*t. r.=.. b.lo. 25 ,»1».    f» .^U*», th. .tap. 

„tlo » t«. " th. l«.th to dU-t.r. -hU. for «r»« o"" ««— 

WmUdqM»., th. .h.p. «10 -. Uta. .. l««th to » .«. of th. .»»r. 

of oro.. motion >■ lllo«tr.t«li 

RT 
1 

Shape ratio - 1 
Shape ratio ■ 

Th... r.ra.r .h.p.d rt.... -r. drop^ in 1.0, um**, ». nold, .o^ 

tU«! in th. to« foot tU.. «*. M .M» I" "WT. 1. .«d t.™l»l «I«», 

HKB ealeulated. 
Th. Do. Cornln. '00 flald u.- M . d.n.lt, of 0.97! .- • «"«.tl. 

rt.,0.», of 2» ..rtLtok.. .t 2S°0.    Th. »bl«.t t-p.;»tor. In tb. .lr 

coi»lltlon«l roo« «• W !**■ 
Th. p^ticl. t.mln.1 ».looltr -. uXmMM f-o. th. tl» of f.ll 

throu,h 36-.    Th. tl« «. th, .r.W of four 1-»U«1 «U.,    Orl.ht«!» 

of tM P-tl.1. "f." ■"•P •" "* ""* "" ■"•,,™' "" '"" "" P^1°1* 
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//varx >i —• 

TEST PIECE - 

INDEX   S   

"Ik 

S" 

a =/2" 

wcrx c - 

48" 

C = 36" 

QLASS TUBE 
I.D' /.*65" 
0.0 =1.613 

TEST CONTAINER SETUP FOR FRAGMENT  TERMINAL 
VELOCITY   IN A  VISCOUS   FLUID FIB. I 

E . 



r^w™^' 

.1-,,. took th. MM pr.f"P«l orl«.tio. in tl» flu« on „..hin, MnlWl 

▼•ICHlltX. 

A t«.t for t     ilml r.lc«!lt7 »• tl»t th. tlm or tr.T.1 tor the first 

12" or 34- tmr«. «inl 1/3 of th. tot.1 tl«  for 34".    Thl. oondltlon «. 

Mt by .llo«lnj «. a Inoh »U ».for. InltUtlng r.looltj tiling •• .hom. 

on sketch of glass tub.. 

Tl»s «>s ■..sur«! with • hsM opersted stop »itoh »o.  144 »«le bj 

Klnerw of 3«lt..rl«iil,  sr«lo.ted In 1/lOths of . second.    Th. ..toll ... 

.t.rt«l snd stopp.d «t th. Indlc. .Ignlfylng th. b.jlnnlng of th. ".• 

Int.ml »nd th. .nd of th. "o" Interrü »s the.e Indlc «re oro.s«! by 

th. filing fra^.nt. 

Before being dropped In the Do. Coming sllloon. fl^d th. pertlol«. 

nr. w.lgh^ rf-th • ol»slo.l b.Unoe «nrt .e..ur«l fop .11 .Ignltlo.iit 

dlaennlon. with . mioro«et.r. 

Aft.r dr.«ng «riou. ours.., th. r.tio of «lg.* to ...n pro..nt«l 

are. Mf plott«! sg^nsl tersdn.1 Teloolly, using the d.t. for oyllnders, 

recfngulsr p.r.lleloplpe<l., .m the d.t. fop sphere, fr«. K.terenoe 6.    4 

■«lhem.tic.1 eipree.lon  for .Ua pre.ent.d «re. w.. deri.™!  fro. thl. graph. 

To test this e^roselon,  IrregoUr sheU  fr.pienls,  prerlously ...our«l b, 

the  Wllistio R....roh I.bor.torlee,  »ere rme..ur«l u.lng th. «Ähod of 

this «port.    Litort.., spl»". «nd oyllnder. of ^.1. otter tfn .t..l 

mr. u.ed to cheok the r.lldltr of thi. «.thod. 
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Diacussigi 

Th« evolution ol a meaBur«Bnt method  for obtaining mean pressntBd ar»a 

of an IrrtgaUr shaped fragment hi.s,  by the ■vary nature of the problem, 

Imrolirad a eucoeBelon of lengthy and  intricate approachea,   eaoh attempting 

to Increase the reliability of the meaauremaDt and deerease the axoeeBive 

time and labor required.* 

The Icoeahedron gaga as described in 8.R.L,  Report Ho.  877 rapreeenta 

the culmination of preyioue effort» and la the current Instrument used. 

B.R.L. Report Ho. 877 states that measurement of a fragswnt  can be made in 

lees than an hour« with a ♦. 5* orarall lnetru««it error, and the range of 

mean presented area measurable by the instrument is .023 In? to  5 in.2 

B. Pairtanks, in hie report on spheres dropped in a yiecous fluid 

(Reference 6), took a distinctly different tacit for the problem, «rrlTlng 

at an empirical expression.     At the outset of the present Inreetigation, 

an attenrt was made to correlate the experimental teminal Telocities for 

aphereo from the report of B.  Fairbanks with Stokes law for small spheres 

falling  'n  a  viscous  fluid,   namely:     V -  2  g r^  dj. - dg) 

wherei 

V - teminal yelocltj of a sphere  falling In a fluid 

g - acceleration of grartty 

r * radius of the sphere 

dj - density of small sphere 

• Some of these approaches are presented in BalliaMe (teeearch Laboratories 
Report Hos.  877 and  501 listed in the "Referenoes". 

■H^^^^^^^^^^M 
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dg ■ dentlty of fluid 

n - coefficient of viscosity of fluid 

**h9 diMenalono for spheres of llfferent diametorB, calculated trcm 

Stakes let», differed fit» the actual dlMneiona so ehown In Table I and 

Pigurea NOB. 2 and 3. Since the radius squared was used in both the 

computing of actual sphere presented area and the Stokes equation, the 

correlation between actual radius and Stokes law eaiculated radius was 

based on the radius squared as  follows: 

1. Plotting r|tokeB against R2 actual on logarittaic paper and 

^chierlng a straight  line, the equation 

R2 actual - 7M trltoke.^'^ Iquation (3) 

was derirad.    The ayarags dsriation for A using equation (3) abore was 

b.3t. 

2. A second correlation w«s worked out bj inductlre reasoning fro» 

the aTail.iblo data.    EMmination of ths data pointed to an exponential 

relationship with a decreasing exponent as tj^j,^. Increased, resulting in 

the  following expressiom 

»2 - (r2 ) 1 - '••7rStoke8 Equation ik) 
aotuel      v  Stokes' 

The average deviation for mem presented area using the R»ctual 

frtm equation {!*) «as 2,Oi, 

■»erical data frt» equation (3) and (4)  for wrioue spheres and the 

resulting X deviatlom. are to Iw found in Table I.    Although equation U) 

gare a small average deviation frcm the true value for spheres, correlation 

for other shapes could not be made and other avenues were eought. 

•See Appendix:     Applicability of Stokea LAW 
to the «easurement  of Sphere liedlus 
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immvm ■— «pui.i* »im 

Temünal reloclties  for unlfom  circular and  square  arose  ■sC.ions   of 

stofll  for Inereaslng lengths (»hap« mtioi   i to 5) ware plotted againnt 

actual A (i ^ A)  of the particles and against their weights In figure» U 

and 5 reepeetlrelj.    The oiMllarltj of the latter tM> eurrea le quite 

atrlklng,  implj-lng that weight and Ä hold a close relation to length In Ite 

effect on terminal Telocity for a unif-m cross section of »arylng length. 

This might be expected,  since for a uniform cross section particle, weight 

is dirsctljr proportional to length and T Is aore directly a function of 

length ae the l&teral area becosea the dominant contributing factor for 

Increasing lengths. 

Platting terminal velocity against  shape ratio for both ateel cylinders 

and par alle lopipede In Figure 6, note is made that temlnal Telocity Increases 

sharply below a shape ratio of one, decreases sharply between the ehaperatloe 

of one to three, and that the terminal Telocity approaches a constant for 

shape ratio beyond three. 

In attempting to establish an empirical expreesion for A the following 

1. Weight and A were conaidered ae opposing factors in their effect 

u(.on particle accfilfiratlon in the fluid. 

2. Temlnal velocity waa conaidered proportional to weight. 

3. Terminal velocity waa considered Inversely proportions! to A, 

4. Fro« the above eonBiderstions,  the expression 

Terminal Velocity ^ Metflfrt 

I 
was explored, and the ratio,weight to 7,was solTed as a function of terminal 

13 

i _   ■■■ —— - -—"' 
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»elooltj, 1..., W.l.ht - I (T.I.11»! "locltj) 
* an «pMMlon to b« t«»t»«l «plrlo»ll7- 

ftattl«, t.rnl«! «I««» 1" —/•" •«""" "" """ " "^ ta 

Br™ to I 1. .,. —■  f "■• '•«>J" •,-',-' el",°1*r •""   '"" "0" 
..rtlo.« .t..l P.rt!.!.. in ri^. »o. 7,. *rö** U- - ^duo^ with 

tho following «quatlon! 
. .07S8 V .   A700 Iqu.llon (l) 

» .»! I d.Tl.tlon « for .-11 «••! orllM.i-. .od —U •»••! 

p.r.U.l.plp«i. «■" .UMÜ»- urin. .,u.tion (1) .rd MKO— '» ••"" 

, .nd 3.    Th. i .r^r « d«l.tlon. for U. rt-1 .TU-.r. .nd p.»ll.lopil-d. 

«ro 3.6* *nl 5.4!< MBpootlTOly. 
For .t..l .phor.., 11» «tu.l r-Uo of »KM to X ~. M»»- "- 

plott- .pl»t f^l^l ,.l.=it, on Figo™ »o. 7.    T«... pi*«- point, for 

,P>«r.. «.tribot« r-.-o-bl, .long th. our,, of Figur. 7.    Th. » .nd I   « 

d^.tlo„. for .Ph.r.. »r. o.loul.t«. u.ing .,-tlon (l) .nd Ul«J.l- in 

T.bl. 1.    * &T.n^. d.»lation % tor .phor.. w." 5.5*. 

3t..l .b.U  fr.g.ont.,  pr.xiou.l, -»»- for I W ».».I.,  -r. dropp^ 

in th. rtooou. fluid .ri th,lr t.minü „l.olti.. "r. «.put«.    » for 

th... fr.g..nt. «• dcuut«. u.lng .qu.tlon CD .nd ..bul.t- in T.bl. k. 

Th. I .»r«. d«i.tion % Um 0» B.H.L »1«.. -. k.M. 

Unifom ciroul^r «M. ...lion.d br... ^rtlcl.. «r. t.»- for 

t.min.1  ..loolt,, -d Ä .. »l«l*- u.ln. .^.tion (D »d t.bul.t- in 

T.bl. 5.    Th. Ä ftverag« d.Tlation < »«. 2.6<. 

Unifor. oiroular oro.. ...tion.d .lu^ln« prtiol«. •"" t.rt« for 

t,™i„^ r.looitr .nd I «. .Ü.UU»« u.ing .^.tlon (l) Ud MfclU«- I« 

■ 
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T»ble 5.    *■ "•" In Table 5, the Ä aTerage derUtlon < »■ eitremelj high, 

33./,« for these aluminu« particle« Indicating that aluminum fraffnentB do not 

follow the empirical constant» in equation (l).    The ratio of weight to 

actual Ä for the aluminuB particle» tree re-computed and plotted against 

temilnal velocity in Figure 6.    The plot gave a atraight line with the 

following equation: 

■ .0916 V ♦   .153« Equation (5) 

Ä mo calculated usin« equation (!) and tabulated in Table 5.    * average 

devifttion % wae 0,1*%. 

Note ie made that reasonable reeulte were achieved using the conetant« 

in equation CD  fo^- steel,  copper and brase.    The dniltlM of the latter 

three metal» range from 7.6 to 8.9 SM/CB^.    However,  for «liMlnum with a 

dennity of 2.69 &*/*&,  a signlfiiant departure from the 7.6 - 8.9 density 

range, another eet of constant», ^ and K2,  had to be developed, a» shown 

In equation  (5). 

In using the method of this  report  for meaeurtng Ä of irrm&M  frag- 

ment.» below 30  grain»  in  weight,  the  advantageo are a»  follow»! 

1.     Short time   pT  fragmwit  inoa»ureiiiRnt.. 

?.     Ho lower limit  for fraffnent weight or mein presented area. 

1.     No  ccreplex  Instrumentation. 

U.     Mo  substantial instrument   oust. 

5. No Inrolv«! technique». 

6. Low space requirement. 

In actual operation,  the weight to presented are» ratio can be picked 

off an enlarged graph or table for any particular terminal velocitv. 





APPENtUX 

APPUCABILITY  OP STOKES IAW TO TH£ MEASUBMRM1  OF SPHERE  RADIUS 

Th« roBloting fore« o:. a sphere of radius r moving through a medium of 

vlBCOBltyff)   with constant velocity v wna «pressed by Stokea as folio«: 

F - STTrn r v (A) 

For a fr=e  falling aphere, the reslotlng force Is equal to the sphere 

weight minus the  fluid buoyant force,  and,  if da and d2 are sphere and fluid 

densl+loB reepoctlvoly.»miatlon (A) btccraea 

(sfrs* As "it 
(B) 

Mr.   B.   Pairbanka,   in  hie initial  attempts at  meaaurlng mean  presented 

area  of  spherea,  tried   to  use  the  Stokes  equation   (a)  and,  getting  no  cor- 

raUtlon    he  developed  the  empirical  expreaslon reported  In  Instrumentation 

Report  No.  TR  380-58/1  In  the  -References." 

The »rite;- reported the results of using correction factors for Stokes 

law in the "Dlacusslon" of thla report and the deviation,between measured 

^nd Stokes Law calculated sphere diameters versua actual sphere dlameter,ln 

Figure 3. From Figure 3, it can be seen that the deviation is approaching 

zero hut Is BtiU appreciable for steel sphere* below a weight of one grain 

as shown in the table below for ecu»  actual measuranentss 

 -       ■ 



Sph.r. DIM.   1» inch.! .0937 .1562        .25C0 .375 

Sph.re «ok.. Dl«    Delation * 10.7 19.i 29.3 37.0 

Sph.r. »elghl in Br.in. .8UI      3.8119      17.13 ».32 

«t tM.  point  not«  1= I1B4.  of cum.nt.  \lj  Oth.r.  on th.  . ..pUc.bllity  of 

Stokea  law a.   follows; 

1.      Elementary «echanlce of Fluid, bj Hunter »o.i.e, 1»6,  Plötinny 

Library Ko.  QA911 R 

a. Page 158, middle of first paragraph: "Althoagh its derivation 

Is beyond the scope of thl. book, the expression for the longitudinal for« 

P exerted by a slowly .ovln« viscous fluid upon a small sphere, too«, a, the 

equation of Stokes, Is of interest at this point; 

F ■ 3Tr Dm ftff 

This equation finds particular application to the fall of rel.tlv.ly axall 

boales through   fluids  of   relTtiveiy high  viscosity. " 

b. Page ?U.,   first  paragraph;   "Resiatance diagram for bodies of 

revolution,     «s lixlic.tcd in Figure 125,   a wealth of eiporln»ntal data is at 

hand   for the drag coefficient   of spheres over a very great Reynolds-number 

range,     »t   low  values  of  H  (i.e.,  in the  xone  of deformation drag)  the measuro- 

metlt.  are  seen  to   follow the   straight   lin. C     -  24A,  which  may  be shown  to 

correspond to the equation of Stokes Bq.   U») by the   following operation; 

The experimental pointo begin to deviate from this  line -\B soon aa the ac- 

celer^tive  «ffecta,  Iffnored  ^v Stokea. begin  to  become  apprecUblej  a Rttynolda 

numler  sll,;htly   leaa than unity   evidently  marks  the  aLproxiffi^te  limit  r.f  ue- 

formatlon drae._beiLqgl_whiiL'' £^3 ^t-"kBH 5385^^1 lB "" Ianger ap^UcabU. 
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Wltn Incrsasing vniues of R the torn of apprtelsblo TIBCOU« defjra.iti^n 

bBconeB restrletod «ore araS ooro lo the IsatdUt« bouniary rlclnltj; at 

tin samo time, htmaver, accelaratlv« offfictB becoae mor« pronounced, ind 

separation talc«» plice In the sona of deoetoratlün it the r«r. By th« tl»e 

a Keynolda number of abuut 2 x KA la rMchad, th« »Itcoui »hear at tda 

boundary has become so inaignlficant in coaparlaon with the presaura induction 

in the tone of diacontinuity th'jt the drag coefficient no longer vnrlea 

Perceptibly with the fleynolda tiumber; this c-jndition correaponJa to th« 

presaure  distribution  ahown In  Fifure  :20b." 

Pleas« note that   for steel aptwrea used, Rojiiolda numbers ranged tnm 

1.0/. to 28.1. 

2.      Fluid Mechanics by Üussel A. Dcdge ind Hlltaa J. Thomson,  1937, 

Plcatinny Library  No.   QAWl n6 

a.     Pages 175 ti 176:   ■'Experimental data on the resistance af sphere« 

■111 be discussed in detail in Chap. XII, but at this point   It may be «entioned 

that  Stokes  law  holds   inly  for a very  restrlctiju  range  of condUions.     In Lie 

case of  ordinary  fluids,   auch a« water   tnd  -ilr,  'he «ize  of th«  «phere must 

be  so  smiUl ae to be  practically microscopic   in character,  while   with  larger 

spheres,   either  the   fluid  must  be  eitremelr viacous  i>r  the velocity ist  be 

eferrod to  as   'creeping' 

In spite   of these  restrictions  Stokes'   law has  not  been without 

its  practical  applications.     For example,   it   fonns  the  basis  for one  method 

of meaaurlng  viscosity and  has  also  been  used  to advantiife  in  inveetigating 

the  Battling  out  of material  suspended   In  liquids  and   in  solving  problans 

in di^fusitln.■, 
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b.     Pm§* 33?:     "Dlr^ot  cu«parlaon» of th«  dr»£ aoaffleianta of bodias 

of rewilutlur of ilirf«r«nl   oaction»  «r«  difficult  to mkc bneaus«  of the 

nrlsilon  ol  thet«  coefficient«  »rith KejTwlds1   nunber.     The most   axhauatlre 

•tudles   In  thla   eonnaotlon  hnva  baan «nda   on apharea   and  the   raeults  of  *   large 

numb« r of   »ich  Inraat'.f^tlonp   «r"  «KTWII   In   Fljura  222,     The extremely   lorn 

Y^luea   of  llr eorrearond tri   t >.e  TI_I_COU» _tvpa  of  floii   In  utileh Stokaa'   law 

jJl Talld.    Thia  aolutlon i«  «Iren b/ Bq.   (11), Cd -  24/nr,  1"  *lw  Included  in 

Ficur« 222, and  It  «ppenra that thia a<-)uation nfreaa  «1th the  esparlaantal 

data   onlT  for   value« of   Hr  up to  about   Ü.4.     For  higher  ralue«  of llr the   Inertia 

forces beeoM nora  Important  and the drag  coafficlent  daerea^aa  le«a  rapidly 

■UK the  Ü  ynold«'   number,  «pproachlng a  practically  conatant  value  In the 

ranga  fro» lO3  to 10'."     (Flfura 222 1«  reproduced on the  next  page). 

In I'luJn  flow «round a   ephara, there  *re  Inertia  forces  ind Tlacou«  forcea 

InTolV'd.     for  a  lo« Rajnold«  nmber,   the viacou«   force«  are   large   coMpared   to 

the   Inertia  of   the   fluid  particles.     Stokes   .aw aolutlon  for the drag of   n 

sphere   la ha«ad  on   '.his   type  of   flow  and   break«  down  when the   Inertia   forcea 

begin  to  predoaliwte.      I'M«   occurs   for   n  Reynold«   number of  U.i,.   ^xperiaiental ly, 

ami    1   lead ahot   «pheraa,   .O^J"   -»nd   .0385"   di.weter,   «er*  checked   for teminai 

»eloclty   m t he  Dow-C-.rnlng   ?0C  aillcone   fluid  at   ?5 1 S^.     The   resultant 

Stokaa   ealculateo   liuacttr  daviatlona  were  0.9* -r.-l   ^.5i - «uch  mailer da- 

rlatlon  percentage« than   f(,r the   | revloualy nanLloned   larger   staei  balls. 
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222-V«rl.tlon  of drag  co.Mlcl.nt  of.  »ph.r. with Reynold.' 
number.(F.   Eisner,   Da.  Wlder.tandsproble»,   Proc.   Third 
Int.   Cong.   App.  Mech.   (Stockholm),   1931.) 
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