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A NUMERICAL RESEARCH OF HELICOPTER ROTORS 
SPECIAL REf3IMES AERDD-rl'-JAMICS 

!vL NISHI! 
r J-,-,,n..,-,"""''·''' M'L'""AR··.· "P \. : .. ./Ui\,_..i.:;.r\'1. J.L .J.l ~r .'-\1. ... 

Ncnl i near unsteai.:iV tneory 

1' I. SIMJNENKO 

helicopter· rotor·:=: 
aerc·d~lnaJ1lics allows rn~deling· r-eal processes occ.u~·ing o:-1 

in nurner·ical experiment. This possibility 
Impossibi lit.:/ 

pr-ecise forecast 
sheet significantlv i nfl uenc~ i ng on. rotors a..eroclyr:amic 

One of" these reqirnes iS vortex 
reclizes son1e velocit:J rang·e at the main a.nd tail rotc.::--s 
lll()vement t.o the side opposi t.e to the r·otoJ· tlu·ust f"or·~:=~-e 

&Jt ion. 
The 1'8searoh sl-1ows the exist..3.nce of' two stages the r-egims 

g·oes by. A ring vc~rt.ez torus f"orrrs in t.I-H:7 r·c,tor- spinning' plsne 
and the vor·t.ex wake sunB in it on tr1e first. stag·e. Dn the 

S2C~()nj +- hw 
L... ··-· t.ne 

:t'unr.in.g· f'lc-w anc! a structure loo~:ing like the K2r·man patn is 
,:;~··eat.eci. 

san?.:? \t'a:/. But ther·e are 
particularities for each of them. 

The r-ing vor·tex torus 

suppose it, 
1ess or mor·e than in case of" it.s acti:::>n on a place depencjing· 
on the 

f"orus rnc.~ves near rot.. or- plane 

r·ing tcrus. 'T'i-. .... 
.ll.l~ 

nature and the 

rr.::.l:'\(\it1l t)~·.:1C' .-..~uc.;YH)' tJt-·,~ )'Y'>C!t.::::.:=..-..;~: --~~~-,!;:)y,...._/-1 tP:l"' {'•f-. ,"'"',h· •. ,Q."~-".'2_.,~ ,--·,.r~ T.·_ .• }·.· .. ~_· . 
.,._. ' ... 1...1.._ -·)! •...J l.I..-L'-' l_.·r,:;.;. o-.1..1.1•=- ...... ....l.li.o-.J_,._.._...l_ .. ,. (_.·j ~ •J..J .... _ .... -' .._, -1 -.• .......... 

Tt-1P ·~"'r'··ec!~·v''Y·1,].; ....... ,..,. rrp 1 •'\r: 1 t \" f·~ A 1 cj-= ~"~"'A n.!"::l 1"f .......... , .... ,-.~·r'j:;;.(j :'"\ .... 1 f'"·.; ,-~· '? ~_:,c-.•. _ .. _' . .._. _. '--''-' .l. ~.t--'-'• ..<.llS « ___ ,_,.__, -· .. .._ ..__._ ~ ~....iu. ..- }-''-" ,_, lt<·-·- ...... ! .1. ..1.5• ,._., 

f"".; ,-..• ... J..·s· 
') 
'-'• qiven 

·1 ·-:· 
..<.. ••• '...I r-otcl-. frequency is rre.rked bV r i g·ures. 

At. the rot. or disk rnovernent. to the upper (the reduc~t ion of" 
descent veloc~if"ies~ tt-1e inor·ease or tr~e rotor angle) or t.c 

t.he lower part 

lJ.. Z.fJ-1. 



the 
~-·ot.c.r thrust tjeconBs rnore than one aL t11e ac-t. ion on a plac~-e. 

t irne l)~- -.+"""h. 1 . .;.... .-~ .-.~~ ...... ~-. _,.... ..... ~-.+ "'\ ,. 
• ... d l:::..L·CU .. .'l.L} L. / ;:, J. 61 L.L .L .l 1...'011'-· J.. / 

(fig. 5). 
At. sl:~pe descent. tf"1e ring 1'1 """l'v'~_··.·.::: +,.... ,........,~,-,"'tj...-._, ..... 1/J- r-, 

• I\_; .--:-...., ~_...... ..::.::... .!.. ••l'-l.·-·1 ~~ r - '~ 

tl) anci destruc~rs at all at some cornbi nat. i en c,f Vye?Jid V~, 

r·otor is proved vortex 
ring~ r.~\ • 

I / • 

.... - hl. +- r-- P t ~--,,.....uct ..... ...... / ,_ .• l_,. ..,. •.1. ....: _, rerjuc~t i o:n; 
load pt.!.lsat.icn (fig·. 5). Chang·e 

t 1--· 3." " t ~. ~.·uc ' '"' l'"'•"' 1- ,. r- l. 0' .1 •• ~ ·-·\_,il .....r f-•. _. J •• _. \ I=-' 

. .s.n~rle of 
(1+-""'ir"'.' 0 
'·. ... S• '-' ~ zone ;2). 
rh~ 
(_ ... ._. 

low&r 

place 
inter·section on the ta.nrjem-type an~j sicle-i)~/-Side-type r·ot.cn··s. 

rc)t.c:_,r· he l ~ cc,pter. .tJ..s the tc.i l rot. or is in the : nfl ue:-1c;e zone 

the f"l::)W particularities t.ypical for the vortex ring· r·ec.lize 
onl:/ ()li 

1D) 

.;-t..-. __ .-. 
'-·! !<:::" 

·;ort.e x wa.i<e sums i li the 
Cir'i t iG2.l CTl8. 

unstabilit.y s.c;.ccmpanied t•y periodical f'lcr/1 separ-ations f"rom 

G.pprc.a:Jhes tc: t.he rot..::::.r spin plane that ccc;ur·s in the l(Y.ver 
l--.~'1-"'T , ...... ,y- the r..~ I t-""'-1-i.::::.ct,.··J :...--...t Pd .,~or,Jc• ~~"'·d t ~--,,.., Q·,rcr.:::::.r:•c. '-'~ 1 ... 11 . .::. .--.-_,f. +-, .hP .!:-''-"-'- ,_, ._,~ ... -····-- .~..__.....L ... --·-·>-I ... _.,l_ .... _, ...... >-J 011• ...... r::: 0<·-· ~-·-- v ............. _. -~ - -

r·ctor ti·!Y'ust. it1creases. The velocity f'ield ancj the t.l""li'ust 
oharcJ:.-t.e r· bv t. -ilY\P. ,:::_rA_. c,1.,-.,()~n,··, ,..-..:"'-,r··r--=:'11JY"jjP.v-l.,+ -, ·.~ 

- A l ·- - ~ - If -''-' \-J ~ - ~ '- -· • '-' ..l _ ... 
·1 r, 
~u 

Next let us exCJIIi ne the rot.cl"' action r·eg i n~e near the 
oriented the 

the 
loc:at.elj uncle:=.: t.he r·otor surf'e..oe influenc~e in the 

'•'' l. ,f-i~,··: r•.~.r-,.C~\';:_ ... •·. 1'_·.>T~ Y•(", :.-,•_.,...--, .... ,·, .'::'.-, -~.-,·-· i .. A,>,·•, Yo.::. !,"•l· )Y'~ i'-. '"'[>,-1 1 ..... _ ~.::::... ._-'. ... ... - _._ ....,._ A_ 1 • ...,~ '~--w ,;:::;, ·=-~ 

para"i!eters. Fig. '12 as an e zs.rnp l e ~ 
f'l" P._. 1 (1-::::: r~t-. .~ .,...,...~·_,.._,.,.., .~ .... -~ .... "v--,,• .. • y-,.-, .-......... -1- ..... __ .-, /"<'- ........... _, • .,..., .... ; ( ..... ; r··•-..+ \ .... _...,., .... , ; y-, 
A ~-<~ -~ ~ .i..U.l.'..JL ._..._,,_..:_ii':f l1C;::::I.J. L-tlr:: -e;.;.vUl.:'...i. \J. J.-::;.!1'-'/ CJ.•'-< .1.11 

enciless space, anij f'ift. 1:3 performs tr·re load distr·ibution 
the 

laws 
.r tho \ ,_,I • ..._. normal sectioL . . . 

t.ne r·ot.c-r t:-lades 
'· 

II. 2 :IJ- 2. 



,, spa"'l on the place ( V:::;D) and on cjifferent distances from the 
2:round H=H/R . 

At rese&""'Ch of' tl'1e :rotor ac.t ion bv the vertical locar.ec! 
})()Un~jai·y sur-race (a wall) on the par·t or the disk close to tf)e 
wall the 
increase 

nozzle effect accompanied 
(fig. 14) and corresponding 

this part of the clisk realises. 

incjuct i ve velocities 

As a result 
overturning~ the rotors on the wall &"id a. force ptllling it to 
the '·'a' 1 ap'n""· ~ ....... ll J. .t--1::'01 • 

Acting~ under· the slope 
t.he air· cushion ar1ci the r.ozzle eff"ec~t ~ i nf' l ue nc:..e c.•_. 

()f eff'ec.ts and either rotc·r tru··ust { -=< +-\ ._.._. 

c·r· its reduct. ion clepend on 
'I'heoret.. i cal 2.ncl sorret i mes 

the slope ang~le r (f'ig.15). 
experirnent.al int.er·esL is a c.sse 

suckin@' in side zcne (f"ig. 

fixing in dependence 

the main anci f"ai l 
the tai 1 rotc.r· tfccust. 

~Jan e i t.her- increase or reduce inctependence of" the 

.p·1_L>..,,1 ,...._.....,,-..+- 1..·-.~· ~\--.,,-, , ... , ...... ~ ~-• ..,.,.,,-'"'.+ . .r,-y, 
!. ..!..UTY \_tc:::...::J'-· L.<)' '-·i<.C lliO.l.lL .l. WL-'_J.i. 

the ear·th on t}Je f'.s.i l r·ctor ( f'i!~'. 20). 
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