
!,.ver.rL LLr.lanErlaL probL.r:n: l;v-. beef
irh.rent in the sport of 5oir.in! si.c. tl:e
.ar1),c.Lys o1 ?li.':ii.,,. llh:..r irc.Lud: :u!h

s{rll..i.re!! r]h ci.c.ji.e rhe tiLot to
aftds 1.rlre:.e laur.ch serviccrj are !rv:.iLab e;
d:p.n.1en.e riporL Ir.jrdiLinll -tmoEphefic
co aitioi:i to leL' to soarin! lccations;
al.l the o:iiti.!r ly ot .:xlra..in! l.r:h saj.1
L,lana an.l piLol iron son'r erner,lenc:; Ldn.l
inr .il€.j. lliL. rr.derrt sar:Lplane ert|u:i
nst irr:1.1 prol:iabLt, rot ire c.rerLti r.rrri€d b!

3oxre of lien to add to the advenLlr. of
..d-rirq.'dnfori-:-riL.teLr'. th-a5e ..rrditic.::
hd'/. jrit:d so{in! i1ilht Lo !r 31a11 .:!
ncrl ot tl-a I j11! )opil-.rtiorL. Th.re e:i,.ri
a .leiirLiL-e iced Icf a .ar-r;id.tolr :oLLr

ic exprnd L,c,,or.l itr preser,t 1\it!.1 rcL_i1.i-
ti in Lrris colrtr,r.

Althou,.h no tc'r!li.l..r.s or rrtrriLiart

celtLr lhat a sD:cial cl,af,ier oj tlic f-lll
ljportin Ccde h.r: be.rL '-dk.| u1.1.1 corL

rrrri lia.! Lrolrere :arLril.dnc (Fr'fir Po!!:r-
e.r ldilpLa.e:i l): .'lor" ir.t rrrt.I lali onll)
iiolld !.. ..ripp:.1 iriLh r i|opr.L.:i.ve uniL

trenelt reLiabl., r.l attec! ttr,r aircr.ri:'s
lorer cfi t-Effofrlencc, .rni ldve 3 lo".l
iirEt .osr a4d iJinteranc,r bi1L. 3erc":l
ter_! i1t.r::iing Iet-iro ere.L 5drlplarr.:

problrtrs.a. be,rLt.r!red rrilh l-le pul:_e-
et enllrrr!. ,!:i rrote.l in ruafr:.! J Jurj./

lL!r:iL LlrL. SNtrCl,lA i.r. t-fiil:-T; r E:-

APPLICATION OF THE VALVELESS PULSEJET ENGINE TO POWERED SAILPLANES

Roberr J. pees, WiJtiomsburg, Vo., U.S.A.

Presenied oi rhe l2th
Atpine,
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OSTIV Consres, Jrly 1970

oI a G.rnan Baly II Lrraininl 5rilpLrne.
Frrth.r .-t:mpLis to u:e L-h,a plrr5-aj -Et f or
soarir! dii not occur u!lr:l recerli-!,'.
(!9art, il.ry .1.!70) r,,r,.n d sr]I]rl, vdl!.
l-.5.i p,,L :i! ji. nas n..le .oJ:nnercilrLL) dvaiL
.rL-.]: .1s a ret.!.I1! rrs:ailetlor.

ani.al .onr,-r.!5ore); has ]lc lrovi.q pdrt.
" .\:

siv€ .o operate; r:.,uir.s .o .Losc r.ter
r.ce trarLLlact'fin! (rot co:-t); a|.1 ca. be
so conti!Lr:.] .r:: lo Le rcaiit, ;Cafrl{] ro
dl-riosL_ rrt arrcralL: .onf j.oLrrdrio]l.

vllvr LESS fitLsLt,l:iT IROpUL-qf ON UnIl,

1lLer. ar! v;Lrious rl'D.5 ol \d.t"eie-"s
':C:i1l lriir| ir lhis pdpar r; L,.icture.L i.

Fi!. l. T:li5 DdriricLrl_ar er:tiIc ,,rd5 de-
;i,ln!.i :or u;e on heticofL-.r fotor bLr.l.
f-ipi; I!,r.vei:J Lh!: sare --r]9inc .an tre

'r5ed 
tor du)ii.Lidi! .ai:l.lLdr-E polr.r. !irtl

c.1t; f ir:or nodjfrcdiio.:. A: lrdir:rted
rrl L_l:e iirulE, th'- c.!i.e i: !:rr' ljqtl:
,.iilnt. .rei9r nij lrirprc).inateLy i! Lb. Th::,
v4 ive.l-c:s pllrsc,.t en!ine opc.at:5 on drL
rrt.rnittenL .rcouFti./llrerJrod;rlrrni! .f.h.

is .'ppr.ri.rnr:L! Ltar c!5 nnd i. Firrr.l\i
po"trnt Cjii.r.r'r.: tic Lr.reen tlLe v.lr.1es5
pL15:ie- trrd the nornal ,r,rtv-.d purs.t.t
en_.,ne rs tie reDla..rent of r|. ncchani
ca,. rL:ll,..r v:lve: riih d non ix)vin! .r€r.
.l,,,..Lric ir Lct v.llve. triiL this n!r.iifr:ca
tion) i:he vdLvcl.:i-" pirrr!je. ir:cone. r
li!htl.,l.iah-, .irpl y operd L..r prop ts1,-rr
urit nilh ro rFvi.q pafr.. I. a..liLiDn,
-1..: !alv.l:ris p!ls--lel i:nqirie Jnar lr-. irelrt

2:1



VAIVE LESS PULSEJE I
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FIGURE I

into a vari-.tv of :rlup=s ,riil littrc e:
t!ct on perfornLdrco it lla intcrna.L sur-
faccs dr:c kepir J.rirL-v snoo!l ard bcnds in
thc enginc drc not iroo sharp. Erlgil:e 5j.zc
calt :e v.rried so ihrL olrti:n'nf, engj.nos cari
br ohtained li)r varioxs airclalE ltilhout
nrajor dever.l-oPrrent uDr:k.

!.llien lhe rdsic viilveless plilse.lcL i;
conbined 'riti t,to auijnrenr:cr tuijes at the
.:nds ot lirc enEine, d sigrriiicanL drcrear.
in sp!c.iij.c fucl con5Lnplion (sFC) i5
redliucd. Fj.gr:rc 2 shc!5 th€ per:fo1,irar.e
cf a pLlseiet cryrine rttl: dnd ejthout aL3-
in-dnte1s. Thes. drLJ are rcpr,-sentative
ot th. clL!-ine shoun ; Fi.g, l. Fnon an
oplratiorLF, d:u.ct. the vdlvele:rs prlsejet
refu5.s Lo ing.St forej.ln paraiclo!, a
vita-Lly ririDoriaJl'r considerdtioi irhen op
craair.g ovcr Lrpropared 5urId.es.

]'he ir:ternitlcnt cJclc oI rh-. pu sc_jet
engirc riJy briclly be d.scfiled lritir '.h.
i:--fp oi i'ig. i. 9Lartia.t is acconr_pfishec
', .I:,J o -. - : -r -.r. o,
fuel-, and Etartinij !Lir. TlLe resuj.Iin,] ex-
p.losron calls:s d ?ressur: build up rirtl:irl
Lhe .ngine. Ttie ldr d1d conbust:oi pro-
d.r-r - e.pand I bot,, a'ld:i ol :.c Lr,L
ij:LroducinJ Lhe cxlrdust phase. Oncc
!ta)Le opclatror lras been obtairred, igni-
tioi trnd :iara dir ar3 lrrncd oif. Tl:e

JO

nor.ntun of !l_e!c !:!1aL::it !d5.s Jlo.rrii!
Jro rl o lr. L- h]..le r ,LI- ir.
ove:-rxprrsicn nnd f:v.rErf oI Lhe f Lotr
ir, "L 

. h,r:: t Lrip- J:ri inl-l . l)L :r'l
th-- :riii.r plas€, lltr, comiirs.ion charber
pre5bur.s :al..i. 1,.r., ih.r tu:1 niir,ni!oLd
pr:s1r]rc, fLrrL i5 folcijd into tJre lresh
iirror.,jrg clidr!c. lie air colunns ''l:lchcrLe. t.:. colhustion cl€in:rer i:cn bcth

Jrrrifg. lnr!_ comlu:rion particles ffonL
lhe prcvio)s ct'(:1: rhich tijd nor :scape
fror the c,(ljirrii r-ip: pro,/id. 

':ruliipl.cpoinls of iltiLition tol the rext ccnb'r5tion
t.-l .crl.:e

not DrilndriLy dct,:r. orL rhe typ(?s oi luel
uied in tli: .r triri. SLicc.i:ijuI operrtior
hrs berr o;t.r-ir:!a ai:h a varicty oi liels
ranljnn lron h!io.-.r. !o propdne, Cojrnof
autorlotjvc ln!rLine i3 noladLly 1r5.d. Cj
aaditional i:npo):tan.e is tl,E cngineis vilr.v
rapid ,.hru:rt re5!lrns.. Tl i! cstitrai.d
that Llt€ purr"jri :r1g'-13rs t.'rolt-e r:e-

p... .lcr ir .r o
cycLe$ cjI .rpplx)rirLataLv u.c4 sec lor lliis
partiriLrLar crl.] iie (fii.t. l).



Tl. Lnrust ci tr: p:r,:.jet er:!irn. .arl
le sLLbsL.1r,Li:Lll rr.r.a:..1 thr:ouji Ll.e
rrse of ilLjner_ters. Trl.]s! aLr!n:er.ter; are
:leciall:i' .tLdpe.l, 5ho1t tr:b.s rli.lr iLfe

T.et a.ld ,r-.r), LiLtil! Lro th. c!e.al1 -ar
9ir-- !r-aiaht fnd inJclvc ro ra. !/in! t:,ar-;.
The p-.1;o"t "n"= .dTantd!!s oI r.h-p5-p JrL_.
rerL-.r: is .iviou., IroJr Fi.. 2.

IiICINI I].]STNL],ATJOi.I CONSTDB'A1IO1.]3

Thei.e are serefaL iirpoftant areas to
ii.r .o1:ri.1.fed !, cn air:iriarl -.ailpl..ie
!rotulsion 'r.:r:ls 

are bejn,l propos-.d, es
pe.ia.Li1 ict FroFu.sio. unjl!. Fjr:it ar.]
(]11r)o5t! i:4c irstillatior r".l tfoduc.

as liL:L:l: rdoed drd! as !o55ibl.. Thi.s
i5 ac.onpri3lrcd jros'! !csiIy i.rlrcr the tro
pul5iorL unl,, 1; .r,.si:lned a. ar, ini.!ral.

.p
lof irhis tjpe oi insi,aLLa.jor are slLorn
schenali-cdlLt in Fi!. 4. li aLternnLe
soL'rtion i:r to pxoride d retfofit proplrL-
:rion fdcknlte tnat couLd be u:ed on J,

vaflctr, of :ar:.L.pLane5 at lhe exfen:e ol
p.ri1]1rd.ce. 0lher r:n::tarLdtion proLrLeJn5

.rs.ociatcd .rritl puls.jot op.rational- unit.

.1re: (r) :uificient c!rr,. lrust bc ta,r.:.r
'.o ir;sipaL:e the rddi,rnt r.at lron thc
erL,.lin: sheLL; (lr) dependin! on t|e ILcL

r''') f/P

F r4 J.a

POSs iSLE E N 6INE

+

1N STALL AT l0N.S

2n
{nl /l
li lll,,N 77f

3 4

r.f low Pre -co- b us f6n
Presso.e r,ise a n,1

puLSEJET woRKING cycLE (11'rnds /h)xing

€uel

Is"ifrco and

FIGURE 3. VALVELESS
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requirenents, placentent of the tanks
should be nade such tllat no C.G. shifts
result fron fuet consurption; and (c) pno-
vision mLrst be nade to adcquatefy isolate
the effect of !,ake viblation on the struc
tu.re and allo!.{ for engine shell thern.al
expansion in the morrntj.ng attacl,rncnt.

DIFI]CT OF PUI]SEIIET AUXILTARY PO'".,R ONffi
Thore are tl'iee ftight !.egions lherc

lhe auxiliary propulsion u]ji.t inftlrences
the overafl sailplanc performance. Tlcse
areas i]re: (a) rako off; (b) clirb to
sodri.g altiiude; and (c) qier.genc?
cr ui- . Io ,Liui!.o. Lh. c. re.cir'. n_.5
of tho auriliary vatvetess putsejcL pro-
pulijion unil , J L) tic.r L sodr inJ r ligiri
p ol:-e lll L r. !..-d J d d L po cL -
ca1 .ailDlane lrill be exa,ained.

Ti:e typical- ffjgtir proiile is shoirn inFig. 5. Condi.tions here ruxiliary po er:is used drer slrodn d5 heavy ]ines. ?j€
cori;.i..n i..ch -:.er:ri:e- r'! .oj.e
siz-a end tj1rLlst is thc e'r=rSency l.i--ld

take-ofl. in estinatc ot the rhrust
necessary to Lift off in 7C0 ft t:r,cn e
ruulh fi*ji ir civ,. I, t., to'1.tif,t 1--
lationship \rhich is q!ickL! solved b).
iteraaion:

Lr F /Ir3r. : I - -!!t.r:. "_r1:7kt - E/t -t xir9

',liere le = enEine ttirusi. ib

Kti = kilretic encrly oi s,iiLpfarlc at
:liiE-oif spee.j, Jt ]b

Irs = T- - 0.llj Lb

F = lL- -(U.r!, r L). ltUU
4 = aircralt !.reiqhL, ,.b

D = ai.craii dra! ar irii,off, tb

KJnrl,rin? ...i --r!ine rll"ll.i, en?ins size
na:v b. cl€icrni.red I.om :1,e follo$r:nl con-
!. t :o .'. o:rl J dL:o:1 I :r'-
liq. 1:

entin. oui

Figure 5

TYPICAL FLIGHT PR,OFILE

c.o'qr *o base - 5o m\le8 a+ so

se.t;j ab;lude -J@'

oF€rh sield .tio.

'^ough 
{'cU to.

l2

c l'FJo o.rf qf 
"oo 
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L,') - '-l

'te!c D = -An,til. cor LL,us tiior chrxLrrrc cliir:t;r:, ir:.
n = -.fL.tir! co)rbJslion clarxbc:r arerr

in'
L = LoLal cn3ine f.rqtl:, :l:.

otl:er perafL.cL.-r: of inter!$t fof del..fJ: i-
rLirll ,:he elfoct oi ii. rLrxi.iatl v Lv.l.:jil
pllir! jet en!:r,r o:r s ilpl.lJj! P:f f orr:l:ncc
arc r:re ral.-cl clrr,L, tri.l t|c ;roo.l: Ii.'o
tal.,e-o11 di5!.lrc..

Ra (:: .... p.i.'i.,..:: 1o-
ina :l,c :::-t!rn.rs :-r'o:]5 irci,-rht aid t/'ii:

L/t)

llle ri.-.-r-o-" di;L:rr.. car le
:.o :r..j( thir JcLLi?Ji:11 ..ua!ion:

h,f/F

F_ (r.'_r F- - r)
!!1 !:.nrple .f the Di;ce.lin.r proc.d r..e.

tJ.Li ( 1,.5t i.t1r,::r.;ie L|. v!Lveliljrj puLse-
. :n JJrr '' :.

c.::d-ici.jr: .r:tfii.d ir. Lli. f1i,ll:t ?roI:.1c,a t.rpi.ca1 :.rj.:Ulajrc coifig,rI atlon i'.iLl b.
;':sLlxec !ri:lr !1 b!il-:-i1 etlllr:ne drcL ilujJr.f-

rrj _ a:_Jil Lr.

V = a0 irtl: (Iiit oft airire-"cl)
L/-l = '.0 ;. it - :0 apl:

". -...i :_ drl:r r )
lr_iriiL?::.!:e

N(tLrtrti.on L i3 solved L,y ilcrat:or fo.
.1 e iLl.rv. ..:rIi gL..LIiDr :

- ilO
1l

/L]U T- - (Br+2!.l)

t.01bl r -
'r - fco- 5

-- I':3 Lb

/!rgrenter: pr.c5.nLL)r in u!. ,iLL Jp-
r':c'-ndlFl 'lu.r !c ' 'J:j. .dtv- , j..
n,l:.i inJir Ll.rL\', Lr!- Jr::

q = _: = 2!.1 in-

lc = l'7 itr'
l, = ..4( 1.7) = 110 r.,

'l:,(i.,.o L.ll o-. {in .rI., t.r'lor
.ar:e .rirproliirr.lt.ly .l7 ;.c i.r1.! (rii:irad
to IiI,- DiJ.
:rc()tir li.i-d Tali.-C.i D is--:i. .

.t I tll llrctnt
j.s Lrj:3d. X torer, :eLtilrl
rn(] rr = {J,tl2 rrc .rlso

l. Iaa ]c
l5l at:..5

. -/ L=. 16
- 

\,., "-
- 126 I[.

lpDroxin:a.. Eire :i).nt durirE it:_is fti.tL
, or.ci r. r. -...r_t.. o 1.A. .,. . _
o ! - d_ !_cf oc:o -: .,
litrrc-of C:Lirill

1rl :rc ri.t:v: a cLjirL r,atr, o. J0U ft
ircr mirLLric, iq. 2 i: r.drr.anged iLri

:. Lloiis:

1- =

r./c + vtL/L tt)l)

[!.
+ ::.i

i0
'r€ -:
lr a0

- Jl fh (Li p:rc-.ni ot fult po'"r.r)

!inrr Li,l !.t.i.mi, Lo lC00:t i.r -0 i:r.l:'!.:s.

(2)

()

J,trt:11:t.c12

_l;iif(i - ! - aij
L

.1.00. !

rll1j
- 

- 

(E! r. 2C.:)
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T:n:e r..Luirecl .t this t:Iirjt leve1 is o.e

I riurrrdry oi tne ..is!inatad ,:lrginc run-
time: posef requircd, and luel colr5l:red
at an SFC !.0 r3y not b. n:aae.

Cruise

D:ir'lng !'li. cruise poirtion of ihc
i.Li.tliL p.o;:,e, cr,ou.Jt :iru.tt ns. he su!-
pli.(rtl Lo overconc itircr.afr dralJ f,. )0 r-l|.

D t/ tv'ta l/.(i.n,l )(/ )'(:)

= 29.5 1L-. (l!1.3 perceni: oI ILL1 po!'!r)

!1,. v:rlvr l.:35 )n-L:|je: er,l::1,? 5ug
J.!t.Ll :n Lii:r fr-ip.r i.)r arLrili:Lri :all-
pLanq propLL:i{)!L ha.r JrlarLy favoritbl(: .irLilIi-

. T .c , i . ..-.
ti .. r.ir., r,ir,.- nL ir'. ti r, :'
ca4 b.:.:cffecl :r:.o. Jsri.tt oi :;i,;p:s
ard col'r'fed io foi,,r drnt conlijrlrrlion,
r:t cdn casily bc, rest.r!tcdJ rrri iL !-.-
.ituires a m]rliriu.rr of .c):iixrnent: Io! cpcra-
iior. Tlris a'rr:iqn hai i-j.tr c.r?aL'ili.:.' ci
dcno.srraiifi:-" c1 p.act:icai !o-,'r:ion tc thil
L.oDL-.: o. .:,:o :tL:
I L:gl:t.

coi.rct u!I0l'r3

Tclr.L ;rid.L teL ght :Jl .1 fb

CONNTTION Rlli-TILt, IRS.

Slooth Ficld T o.o12

a,it
c.001.7

a.11

Clinb

tiorll! Ficid T.O

Cl!b

C.uiEe

il li/rSli -5Lro.3ore.l sr-udr ( POTllJTI.lil
STRLIC'] LL.J"TL IGTERIILS lx DIliIGli COliC:Ff S

@;'-I-a: Ifsii'n-rport cJ{ 1265 r ?/d; carr.irid
)-. .. 1 ;" tr. ' r.
Inc., and l.l.l!cs:e.l th. afca oi:ilLrc-
ti]rai ratcsiir: .tlr.i d.si,]rr clinc!pts. Tl.-c

Fr"ir::ar... olj.:ciiv.,5 tf thd[ :]t-r.lty. i.c!c
cor.i:eli riL:lae.i ir: [i! inljrodu3tior: ro
CJi-L285 ar:d dre !lole.l .1i|ect.1y:

i. :"lo r-li: d conpa4rtive .v{:Lr:nt:cr
oJ n ?ic: vari.tt oI r!]Lteri.1f,.
and Ftr:ri. L! ra I conc!pts, Lrl!]sent
Y and liotentialLY uvaila)r 'r ior

aFlica.ion lo li,llt rrn.raJ,. |'.
i:rv:s.j.la.in! tri.: rfl.rct .I de
:ii.J;LJ rarrr actd.ix, j o_Jer:ti(xril1,

l'--ll-'-"''
cosL of t|l5 cfas5 oi aircralt.rl

'. -T1' a' nl L.'- r,n' )'Jr'..ir.' rJ
lor-ia1:r arc stru. L.rral .oncopti
to Lle coneeptuaL (lo:ii!n oI li!h.'
air( FaIt-r

l. riTo j.d:ri'-i;r.. l:i: :]]:)i +n: .ir.a:
'.ld: , .:'. -

Jraref al s .rr !orrcr.f Lr:.il

lllr(j lcopi: cj the reDcrt .:f b; r.::,
iror tlLr lflnciplL :e!trcn ,:.ldiiir,

cost (D);Sr;iil!: lol.t5
DL:rlIar: Irr . ar... !-ri c! !ren.l:i
Cu:! a: a f!rcii.rL .i'3pced dri:i ljl!t],

,r. i.J ht
Cr:it L,) C.rFrr!:rl
Cr.:. Dr--alnloirn

F0li tl.lTliiL S1-r-UcTllli.lJ l,l'iTi,liIlL!
i,lilt,"rr ial C.r:i 1,- !
lror. -:ill! C.rridi.la:L :.:q L e r: ia'. r
! .ta LLi. l.laturi::Is
i.io'L-l::, -a 1_;c i:ac.--ri.ri;

EiG J,i.l,lTIO ll 0f Al0liISII;G CAIlIrIllA.l i riT.,llll LIi
I.tj iit)n lllnL..rr;
Sltl.:, Cof:'.ri!i5
Co:rpr !ts ior. :jLrurtLr'c
:l' r.Lr P.Ln'rl:

(EdiLirnts Co!,rlcr ..,nlirired on f. lr)
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