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EATIOATION OF THE i RACTRATS" 18
OPATING CIRCULAK Lm Mmmn CYLIDmERS

j By B. H. Heald and L. K Sargent

1. INTRODUCTION

This inwatigaticn, winduwted on requsst of representatives of the
Chemnical Warfare Laborstories, Army Chemisel Camter, Maryland, concermed t.ha
quastion of 1ift, dreg, and spin Iﬂﬂt::lld:ﬂ .mwil,npod uv mtiu nissiies
havilg o:u'oulur and twm w- ‘sectionm ¥iels und u A
experiments were tm to m.to on. bm-burﬁ‘ wpdmn 'y lnd wn driun by

- Adr ispingement  on:MAYWOW hMl mmm mhwup tlnu t»lnir lWﬂu.
m»mm d.a ﬁm-nha MM imod paik -ciman
e g WWM In the caves ct hhn hmo cylimm;l
rotor aml thn hn trmmr mt-orl, tih l.ttt l.nd dmg Mo“ \nn st~

" and v e umumm of umu ﬂmuy m m- “ w-a‘im 'Mo - lu -
! 0,0000157 12/seo. .

“.,;. uﬁlu mupl it mmnu mum it :*"’Iiiilm
i e
!l‘@ ﬁuu!g ﬂ}' |||'w

iy
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~on sach model at a mmber of air speeds during oteady state rott,tion,.' The
rotational speeds weie determined by strcbotac st tls time the forde mdasure~
ments wore mde.

The acoelsration time of the triangular »odels wes. dl'bc
speed slightly above 70 miles per hour. !'lor thase mea :
held stetionsry from oitside tne. w!ln:! tunml e
was adjwt.od to the dnir.d afaud.y ul\-;. Hmn

steady state rotation frc- rest wms dcton:lmd uim : t:l.lur nmn; to 0.0
second.

3. RESULTS

The results of this investigation are given in tables 1 - L and the
swaary table 5 which 18 besed on mean wilues, They are stown plotted in
Ziguras 2 - 5. The cuwrves ahown in the figires ware w; ‘the
plotted walues of Mutioml speed, 1 oo emmﬁnhut i
Gy » and the retio °L given in the vables. Morewzuay j sl posibe ‘

ars not sharn on the I':Lguru.

limmarly with sir lpud within “p:,u 0 -4 3mdb

Wmmaummam3m"”"
mmmﬂnwwmuw" :
» o wes 60.3 (babli S). N
ar spesd in fps for thil mw m 4

Wl spesds. of Ui lazes on Aok

4 3 w5, i

e S S el S

s
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3.2 Lift ami Drag Charscteristicas

The results of the force measurements are given in tables 1 - 4 and
are summarized in table 5. In genera) the data for the large cylirder and
thoss for tha two triangular shapes which were cbteined wsimg the two dif-
ferent Lalamce swtems are in fair sgreement. As previously indicated, the E"
flexure-plate balance is not well adapted to the measurement of mmgll forces,
i. e., those smounting to less than sbowt 5 pounds. Although there is
considerable rangs in the walues of dreg coefficient with Reynolds Nuaber,
the mean values of G for the two circular oylinders do mot differ greatly
in the rangs of lhymlds Wusbrrs of the uptrhmu, O.hx 105 to L6 x
for the smell oylinder, and 0.7 x 105 to 3.3 x 10 - forr the: Juugo cyl.‘l.mhr.
For these ranges of Reynolds Nusbers am mmmz the -data taken on both
balances, the msan wlue of dreg cmtf.iohnt for the hrwn eylinder is 1.031
as against a mean walus of 1.0l0 for the small cylinier. Correspondingly,
the mesn values of the Jaft mﬁimhnt ware O.4éi for the large cylinder
and 0.610 for the ssall ons. However, Lo nlun of J.u‘t outtuhm zur
the mma)l a.yl:luhr chtalined onthu B ‘f,':?-:g ance: 40 i
subatantisl Reynolds mm sftucte, C
RN -G.IDSxmst-oOMS#IJ» " L
ofthlumu‘rlmvhmwnnm» li: balanoss: ! e Tek
soals effucts in the lower m- of Ray M' mwu, 1.... ’ bmgmn 0.7 x 105
and sbout 1.6 x 10°. The deba fur the langs oylinder; obbeined weing the
flaxure-plate balancs, indicste an ingiwase $n. Gy of sbowt 25 perosty
hetwon L X, « L7 x )05 . 2.8x ms. In the mmmyw the lstter valwe
aru.l.wmwwmwt ax_mmmacmmmhwmu E
to deoraase st RE = 3.3) 1 W%, T wriston of o I Bemlde Bubar

twbm cireular cylinders shows sbont the: same patters as 6, vemus KK,
Anoe G, wriss releiwily luWHl«r oAy KJ«
Om the Yesls of m MMu um Ardangnlar potsine m_ L.arrw mmm of
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C, for the $0* fin rotor is 1,392 compared with 1.577 for the ‘rotor equipped
with 120* fins. In the former case, individual wlues of GL rarge from
1.348 to 1.471; in the latter casa, the renge is from 1.418 to 1,706, The
nean value of ;1_. for the triangular roter equipped with 90° fins is 17 per

D
cent groater than that for the rotor with 120° fins.

sty

e TEDER e oo

J——

L. CONCLUSION
The 1ift and drag chu,nctorutier of the. ;ﬁour rotora included in these

expsriments shov considersble uriltiocn with Rayno n'the test
renges. The values of 1ift and dreg cosfficiant and EE docmn ‘cont 1w~

s SN i e = P o e I .y M

ously as t.ho Reynolds Mumber i3 imcreased. On the othor Land valuea of OL,
Cy » and . for the large cylindrical rotor show lsse consistency with

increaced Reynolds Nusber. Referring to figure 3, c-L for thin cylinder
shows a decrease of Liw order of 10 per cent from about O.L8 between BN =
0.7 x JDS and L7 x 105, followed by an :I.w:nm tbon the n:l.mn nlu.
(of about 0.43) amouating to about LO iper-cent. ‘&t ke 5 N
nbov_t R._l.l. «2.8x 1.05 indicate che rte of incs

N - - . e

0.711051'.0 3.3:- F . m‘mu.
tm.t.a.n,..o-;,mﬁ Mum
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Table 1
Cylindrical Rotor (Small)
, (ch'nll‘lﬂslaal)
length L.00 inoches, Diameter 1.50 inches
Fin Angle 30 degrees, Fin Width 0,187 inches
Lift, Drag, and Rotational Speed

Lift ireg Botation Gosfficiemts O]  Aeymold’s Tip 5;{%.195. p T_Mﬂmm’“ﬂ Spoed
piy b e W{CD) Lift.(GL_} Cu Number 1ir Speed,lpa r Speed,zph

Spiodle (MFL; Balance

6.3 0,139 0.169 160  1.0k6  0.861 0.822 0.405x0°  0.208 46.6
BT .2k .22 200 1.061 .BL  .756  ,553 .23} 52.3
b .37 .40 250 1082 155 LTI .659 .2k Sh. 7
687 .91 .06 W0  L.0Oik LOTL 65 L 757 . 257 ST.5
Rl .509 B3 4550 1055 Bhé 612 . 883 . 254 56.8
.8 S21 o063 5550 1.0 .613 .58y . 999 .273 611
$RU .68k 1233 6000 LOub .580 .555 1077 273 61.2
CEELT L858 1459 TS0 1L.0LS .Skl .517  1.250 .281 62.9
2T .913 L¥3E 90 1031 486 LK1 1351 . 289 643
1.5 .30 2,126 6700 1001 457 L5612 . 295 66.2
M2.4 LO95 2.8 9750 L9956 LH46 - LMW1 1,53 . 306 68.5
156.871.359 3.1k 10780 Lol 480 . l32  1.678 _.306 68.5
averages 1.040 0.€10 0.584 0. 268 £0.1
k Cp= —2L 1/2pA = 0.0000571

) 1/391? 1/20AV
“rea computed on basis of basic diameter (1.50 inches)

. Tip speed caspited on basis of basic diameter (1.50 inches)
Reyruld's Nwber computed on basi: of basic diameter (1.50 inches)
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Table 2
Cylindrical Rotor (Large)
(Cy-D,L K. B,)
langth 7.82 inches, Diamster 2.50 inches
Fin Angls 0 degrees, Fin Width 0.23C inches
JAift, Drag, snd Botational Speed

kir Speed  Iift Drag Rotationn  Ccafficients Cy

iv 1 _ Dns(.cp) Life(c,) _3'2
0.20 0.507 1650  1.002 0.47h 0.473  0.718x10°
587 1039 230 L0 L4683 L(L69  L.012
263 L7 3180 L.996 Lubh JLWE 1318
1.15% 2.605 B30 1.001 Lui2 Jbhhd o 1,619
L7 3,904 5100 597 -h3g .hbc-l 1,97 |
2.635 5189 X .90 L9l 310 2.275
averages 0.999 J2.ub3 0.463

UNCLASSIFIED

0.317
. 328
.332
. 339
. 352

. 389
0.363

L2, 6
Lh 0
L. 6
L5. 7
L7.3
43.1
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Table 2 (codtinued)
klr Speed Lift Dreg Rotation Coeffickents cI. Raynold's
S s 1b rpm Dreg(Cy) man(c;) T Mambe r

0.6 - 0.6 1820 1020 - - 0.7%x10°  0.332 W8
"7 0.5 L1 2560 1.0%0 496 0,455 1.00% « 347 L6. 8
2.5 .8 2.0 3520 1.129 R3] . oo 1.336 .361 L8.5
L5 L2 A2 k650 1.132 .h2s .75 1. 661 .378 50, 8
Wi.1 L9 L2 5600  1.085 RT3 R 1 1,962 . 388 52.3
et 2.4 5.5 €000 1.056 . 462 .36 2.262 . 359 L3.3
19 1LE L9 6380 1.015 .55% .551 2.508 <334 kL. 9
136 3.1 8.7 7420  1.012 593 .586 2. 863 . 3L6 u6. 5
181 68 1L8 7360 0.959 .576  .576 3.327 .92 39.6
avarages 1.080 0.L459 0.479 0. 350 L6. 9

c, -k ¢, = _D 2pd = 0.0001569

Y P Yot V2ph »

Area computed on basis of basic diameter (2.50 inches)
Tip speed computed on basis of basic diameter (2.50 inches)
Bayocld's Humber computed on basis of basic diamster (2.50 inches)

UNCLASSIFIED
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, Tahlas 3
g ; Triangular Rotor (90° Fins)
- 3 Lergth 10.00 inches, Width of Face 3.25 inches

Fin Angle 5C degrees, Fin Height 0. 43 iaches

1ift, Drag, ari Rotstional Speed

ALr Speed  Lift Drag Rotation  Cosfficients  °L  Reymold's T. fpe Botational Speed,r
fre  aph b ib rmm Drmg-(cD) m(cL) E; Nusber ﬁﬁﬁ Ar 3&% :
_Spindle (WFL) Balance

ST} 38.9 0.731 L1801 2150 .38  0.835 0.619 0.90ix10° 0.629  56.3

2.8 9.6 L1159 L1959 280 L3& L62h L6129 - 57. 4

awrages 1.364 0.7 0.616 0.635 56,9

v _ Flaxyre Plate Balance _

8 5.2 36 - L2 2080 LN - - 0. 892 0.618 55.3

- &% 555 1,5 25 2150 LMoY 0.843 0.600 1.313 T .635 56.8 :
Bi2 7.0 25 kil #950  LID8 859 .610 1.680 .637 57.1 L
B8t 8.7 3.6 5.9 L8O LW 848 .810 2,022, .626 56.0
¥y WLz 53 9.5 535 LA3l -798 _.558 2.522 .558 19,9
averages 1.0421 G, 83% 0,595 0. 615 $5.0

sccnlsraticn tims - 7.57 sac ab an air spesd of 71.1 mph

G = L c,=__0 1/204 = 0.0002687

Y 20AV P emv

Area computed on basis of one face (3.25 inches) _
Tip speed compuied on basis of circumfsrernce of circumscribed circle (radius squal 1.68 !
Reyncld's Mmber computed on hasis of ons fsce {3.27 inches) i

UNCLASSIFIED
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: ular Bober (W Fins)
Width

rnmmm Fin

LﬂtDrcgtndMom].Spud
s Spaad  Lifv Drag Rotstion Ceefficients  CL  Reynold's
Comph D p: ) mm{cn)m(cl)r Musber

§

0.535 7.8
LU53 52.5
555 . W6
0.5 50.0
0.547 LE.9
.55% 9. £
+55¢2 L9. b
.550 Lo.2
.538 LB.1
0.541 8.3

ns-us of oan face (3,25 nau)
spwted om bawis of oircumfarenos of circumscribed circls,(radius squal 1.88 inches)
+ cempited on basis of ons faos (3.25 irches)

UNCLASSIFIED
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Figure 1
Viaw of the four models. Resiing Srom lltt fm
90 degree fine; Large Oydiliny m 2

Rotor (C,-DL A A ); Triangules

m- Tr:l.mulu n.mg. |

o
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