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Generalized mathematical model for displacer frequency and

tuning column length of a Fluidyne engine
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Abstract

Generalized mathematical models for determining the Fluidyne engine's displacer

frequencies and nrning column lengths are presented. Results from this study indicate that these

presented generalized models can be applied to all special cases. Results for special cases obtained

from these generalized models are the same as that ofpresented by others.
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1 UnU.l
i af ou r . dr ; Jtfl:0.:uusl?{ao [9u (Fluidyne engine) riJulfl50.:uugidlnoiA.: (Stirling engine) ryfiarfi.r

) q.y dt a a d , dr A tryi[110.:rra?ruunndlr tuulJr:un?lrIlurflsaiuugidlrtoSa*lqnqltolrila] (Liquid piston

srirring engine) nri,,utu,,oioluurfvfrndlu:ruaur6unrEf;nur'ldornrruro.r west Ll.J
4 4 < a 1 oq / a d i I uryt?t5rnt:lrn:'lu14rfl:0{uu9iv'leo"lqil uon0rnnr:Trfl:lu?iTt{oiu}.rflafl1iln5[rd?u",1
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fl0.:nrrnt:vltu'tufl?]il010iiAiln:H5on?tu[5?5outo{rn5o.:uusi6nd-lu nt:-]^rn: rul.rmti

. t A t to , I r./ , crJ0[u14yiafItf,er:loirn:0.:uueldlaoi6i.:fl1ur5oejru"[drrnlruriounrirfiro,:{rfiuu tz]

rlrynrfivulunr:finurrn*0.:r.,un'r,l66lnrir.l:vnr:ru'.rfi6orrrriiraorynlnfiqrflrdfl{fifi
dtt

0uilnturuuirjrrurJiirnnu ,r-r1,i6nurlu,fiqmqufi uaudrrduorruuijraoirlndncrafl{od p

.irulugiluuln':1:Jfiosa rru r:nrJ: vqneil#nirrn3o.:uun'r,lq6tnrilu;:.lurlii'nuouln1fin1r ld'

rY.rnlfl 1ug:Jto.:or-rrril:firirriry6on rrru6rolrirdrlun:vlonalrna^outha (Disptacer cylinder)
. Bq

ttAefi : lU U l?1,0{ n tU 1 tU yl 0U 5 lJ (Tuning column )

z. naurdro.:iirrifl u nrrlonat.lrod'ouflts

^e"not:ol-ln:yuon4lrna-oudto (Displacer cylinder) ro{tn30{flun'},,lO6lnrid.r

il:snour1rurrr6u ,"",0 les) fifidufiu#rn-n A. ua;rrfou (Hot r.el fifidufiu#rr-":,;;,
i,, @ s , j ..l-j A y _fi'lunu lfluflorto eio (Transfer pipe) frfrfr'ufinrirn'n ao n-lrran.rlug:Jfi t

g rJ d t n : v u o n q u rn 6 o u dr a 1 u : il r r l r yr'.r'l il t o.: rn; o.r u u si'y,l a o^ I n f

87

!t

I



lrrdr::fl?nr: nrasri lne fld z qfiilfi z

(l)

(2)

(3)

?t:o

ltau

(4)

(s)

(6)

eiohJil

'-_^^-.^ -^._-3-q. d dt 3q v A -iJ a,tr.l'110.:atul tulj'ltuuooa.:ruu:uuuylli x. 1j1[u115or03[nn*oufriluriju:vuyryllfYu xH fii
xaA.=xrA,

x, : (A./Ar) x.

xr:(A./An)x"
q-.e- 3 4^-lq----,- --,-- t d, e ur et v u rlull]u 0 {[n u?nu dt14 :'ll u'lyto u lu yl 0 gl 0 : yl.t ?'l tl truu r,j.tiou ilu 19in ?tru tln:u ri

x.A.:xoAo

xo: (A./A) x.

x o = (A./AJ xc

x a's.r r u r a ril u n r r rfl f, o u fi I o { ri r 1 u n : v r o n 6 u rn 6 o u dr u n'.r H :J n d o

I '- I 2 I ' I[(E=-mv']: KE= 
r(pA.h.) 

xr' + i (pArhn) *n'* i (pAoLj xo'

Irmudrnl: (3) uau (6) a.rluaUnr: (z)'.Id',

IA^A^KE: - pAc Ihc*;tlr*+ - 
Lo] xc'

z ,,H .^O

(8)

il a':'r rlr fln u tu n I : rn a 0 u ?1 1,, 0,: ri I U 1 n.l H il O n O [3 I

lpE:1kx'?l: rr: ;(p4x. x,)x,'+j,oo,x"g/x,)xn2

rulludun'15 (z) n.:luaInr: (s)',ld

r"= :p g e" tr+f I *.'

dil n 1 r n r : rn 6do u d aru r: n n r'l d]q u 1fi6 fl a-.: I Iu 60 t3 l

[1(xr*pe): o],
dt

, on.tr.*fr hn*a9lo)(2x. x
1 A. A-

H Z TO

1

. x.)+ -)oto.(1+f )(2x. x.):o

A^ A^ A^1.+tg(l+frll(h.* a, n,* l; L)Jx.=o

AC

A H
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dunr: (1 l) riluarunr:nr:rn6oufi r,i:L arflufi nodr,:.irufi hifi nr:nrir.:
r : : ru yr sr l u n r : u n'i.: rL o { 6ir f r 1 u n : u u o n f, u rn a' o u flr u d o

r=f rstr-f rrr4*4rn,-f uy

,: j'u,,.+)/ {h(r +4-q)+4r 1o110'

9r.ruufl?'lufl

('t2)

c d ^) y 4 U , , vn:fltfllIle l: tun:ilnfllSouttaclttuuulrutnnrtu ln"[ilrvtrdu rrsiviosiofiturnlrnin.irrr
Ydd.r"5ouuavtrrduurnrravrf,uvioduln-.rrranx'lflugilfi z n:yronqrrndoudralun:fidGun.jr

Reservoir displacer [1] lyroil (AclAo) Lo 1uarunt: (tz) oruir{guri el-,:1iunrtu6ro.r Reservoir

displacer oy:J:yiltcu'ldrrn

r |rc,,-,* )/(hc+4-q hH)to5 ( 13)

d':aun.t, (r:) dosprn'ouri'uarunr:rirrirJ Reservoir disptu.". drauoleu west Il]

n:tfirqilrv z: lun:fifirriourravrrr6ufiturnnrruln'hirvirri'u rrqifinr.,ru,rnuon.,r'.,du.l

rvirri'u n-.:uan.:'[i1ugild I 1# n. = n, : I lun:fififliln]r ( l2) ovnarurilu

( r4)

duarnr, ( l3) drvn:.:nlrarnr:rirriunr:rrn'j.rrosriirirluo-.:firurnhirvirnrusiori.ruviofi

tauolnu Thomson [4]
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'i ' ' ,dtrfoutracurdulfl'hirvirniurrqifinrrlorlrvirriugilYr 3 n:EUonqutnaouuru

-i e
R:Euro?nU 3: tun:uTtt:-outtaslltduflturnnlulnrvirniu An = Ac : A tlasfinlltlU'l'llJo'l

rrnJ.:aortvirtiu h. = h, = fl-.:ttde.:'l':1u'ilfi + 1un:6darLnl: (12) tenalutflu

lA,ol
f : ^ lzEl( 2h +- Lo)l'

lfi 1\o

tYr eo rloun'jr Ac xtnc1 ltae Lo Ul?fl'jr 2h il1n1 n']rildloinl:trn'jltolritirlun:eron6r

rn a'outirun: fi dovrl: vu rar'ldorn

I ., Ao .,0, (16)f: _ l(2efi,o't--:'l2r'- " A

duarn.,, (ro) drsrnfiourYrarunr:rirr.rYun:uxondutndoudtuttttuvion-':qfifinrirei-nhirrirnlu

(U tube displacer with varying cross section) firauolno west Il]
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g rJ d s n : v r o n q l rn 6 o u dr a r nr u vi o g :J er-r g o d r,:.i r u

< a -) ' Ln:frtqilrs l: lun:fifivion-lflilnfiflutqn'nrulnrvirnlu A.: A" : Ao = A rlaufin?tuu.nro{rr
!, , - - hebyi.:aoltyttnu q'rrraq{lflu:ilfi s 1# r,. F hrr + Lo = I-o lun:fifi aunt: ( t2) ilsnatulflu

r= ! ogtS"
zfi

A!
fr':arunr: (tz) fiosqr:lniraunr:riruiunr:rrn'i{ro.:yio:rJgr"'rqotir,:.iro (Simpte U-rube) fiuyuo

InU S"to [3], Thomson [4] rras West Il]

3. n?]ilu1?fl0.r?ioilYil

g.trioiliuuurrttln
e v ra o -,.- -:-- -lr---- A tarorn?ru9urraeil:utn:nlulu$o.:nt,:1?lnilunxo.:rfls0.:uugirIlu p- lrau v- ntiliitgu

,)^o,,qA?4.j-ntilqnn:: rJx0.:0 tfltfIRlu tuyol ?t{n tu Iurfli0,ruugtrilurruuquH4ri=n{91-'l ( Isothermal ) ru-0fr?
. iq y a dr a . v.q y I a1lAtAtUttult9nlJfl?TJ010.:lloiltuana{riju:EUUyt'1i x, H':toltirrjrlultrirudtflilorjolyio

rq A J d, o q y FU:il0yrililrullu:suyll'1,: x, rvirnurrarfi]lfil5iltst:rO.:.iol.jr.:analryirnlU A, x., nxtilfiiu
q,,:,J_..:

,r'tu [u1o.:]1!0erl{uxurTtnu p Inufr [t]:

p, v. = (p.+ pXv.- 4 xr) = const.

tyt:tuflyUu p : (A, xrlv.) (p-+ R)

(r7)

( l8)

(te)

.rl
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:rjfi o vioilfrrtuurtun

a o A t ?a aa t- tv I e)

tuonlln tutfl: o iuuqlrftglo: a iil oslS'l d?u n15 ofl (Compression ratio) riourir':sir ilnrab?

ri rt o.: p o v ri o u r?r.r #o a n'j t p- ru r n rir u,n q d6.: fi ,, q H a d t v il : v l ru 1# t r l,

p = (A, p./V,,) x,
u,

fi?lufiuttnnn l{0ril I'tf{t1n I I I :

-Ae
fl?lUnUttnngll{ = fl'llil9lUtU O{01fl nl: Ofi1,lOrlO1nlfl+

(20)

(21 )

())\

(23)

(24)

uA
fl'l tuglutuo t 1 tnfl l: tu a uu:u91u10.: n lu'l

tt5{a tf,l0

Ap: (e, pJv.) x., + p g (2q)

xF= A, [(A, p.rVJ x, + p g (2xr)1

< i " !"
duflrTnr:tnaourlJo{arutluviorlflovrr'ld'odr.:.iru1trnnnrlofiao.rtolfirsiu 6o

IIF:mal: (p,\Lr) X, *Ar[(A'p./V.)x,+ pC(2xr)]:0

x..+ {[(Arp.,A/^)+2pdl (pL')] x'=o
- "- .io , . I q , t- 4
9r.:uufl ?tri0 [un1:[[n'].:10'talu1 tuvlolJ:u910

I
f = :t(A, p-,^/ -+ 2 P s)t { P L,)Jo'

llC

n?1u urrr o n.irrirluvi orl fl tvn r'ldo rn

ll

(2s)

ru,r'o}i"16'al::ausqiqe nrrl6to.rrirrhluviorlfldolrYirri'lddrlun:suonquma'outllu Il]

-
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terru^oro.rviorJfunqnitfiusuusyn{ xr fl^?ro{rirrirlurryi.raoruoiln:&uofllflaioudroosrfirudu
dr o u oay
rilu:uue11,r.: xc [[nu xH nrurirfl]u rirlfrliurn:to.rrirrirluviorJfuann.:ryirrir .\ xr rra;

ri3 ru r n : :': u r o l ii r rir 1 u r r f o u ri':r t r r d u u,r' u du 1 u o' r u : u fi ryi r nlu 6 o

4\:ArxH+Acxc
tlYlufir xH: (AclAH) xc o.tfldunt: (Z) ovLi'

.\ x, = 2 A. x. (27)

o lA-fi:O x- = - ---L x_ (2g). .)A
- l tc

lun:fifivrqon::ur0{ornrflnruludo.:'ixlurnio.rourirfiurrrrou}rnil-n{n-? n?runiu
I u,

runnfll{oefir tn0tn I l

nrrrniurrnngirs=nrtun'urujo.:0rnnrro'nro{ornrfl +

- a - " 3"
n'lrunuluo.t0 tfl :ynuro{atuI [uytoiliilana.: -

- A - .lc zl v
fl 'lluaulu 0.r01n: ynul0{atiltlun:su onrna=outirU

Jq{1u

AP: (,\ p,/V,) *r*pe xr+p g xc+p g x, (29)
-.._v.... y "q z[ j .l "-q , rv A y !, ^fl n.:{luflnu tufllrrnnourflo{ri1ilryt.r lumoiltrrraun:euonqulna-ou6tufl-{nu0 no

l-
IPE =:kr<'l:

2
1 ' I ' 2 l' 2pE = ; t,\ (\ p,/v.) 44 +" + ; @ L, +il x,) x_,' + I ( p e. x.e/x.) x.. +z-22

drnfrviorJ:-rrrru:-ru (Merged-cytind..; drran.r'lflugr.Jfi u ru^ofirzuo.rrirrillutrri'ru

(26)

],ro,x,g/x,)xn'
(30)

(3 1)

rrfluduflt: (2) rray (28) a{ludunr: (30) Li'

PE=;4t+ r pen-,l* ,,,4r 111r'
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(3 3)

n a-.: .tr u r a rf l u n., r, o u' u r d n u u rir l u ri o il f l u a r n r r r u n q uu uo o u rir u #.: fl il o 6 o

ixr=jmv't' *: 
+(pA,L,) 

..'.;(pAc)[hc*4r6,* ff r-.] *,' t32)

rrmunru drLyfluf,ornal nt: (28) a{lu dtt ni: (32) ld'

1 lA- A^ A^
KE= - p4[L,.4 A. {h., a, n,* o; Lo}J x,-

a u n',, n., r,0 u' u u d a r ru r : n r r'l rif sr u 1 ff 6 n a-.:.: r u 6 o

t9rxr*pe) = ol'
dt

1 rA- A- A^
,P\lLr. a A. {h.*A;hn+ I Lotl

Ipc tt+ i

Xr*

oll'*g1r+!411r* o')l
pV, 4 A. AH

1zx, i,)* jo,r4.!* *
AA'^r 11a "c )ll(2x- x-)=o
AC AH

xr:0
L- * l-A' 

th^ * A. 
h., - o^

' 4A. ' AH " 
tO.to)

(34)

o-.r utu n : rrr 6 1 u n r : r r n'j .: t o.: rir ri r 1 u vi o rJ f u n^ o

,:*, *.etr.|frr.*,,
t,-']f c," *f h, *f .", ]ot

(15)
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rra&fl 1'ruur?1o.:tilirluviorlfrrvrr'lslorn

Arp, g lA. A-tl+ 
-----IltJ -L 

\l' (2nf)'pV. (2nf )z 
' 4 A. ' 

i,^- A^ A^

a o. tn'*o;0"*1; I-"1 oer

lun:dfiuq6n:;ilro{ornrrrnrulurio.r'ir{lurn5o,rousi'lririlurrur qarn4unror-rodr,r
i.a ; ' d d r.i t t i , i i.r

dilu:01 urilllluYl To.:ruu, :nuruor:rno:, amlflo: [[au10,:oudltytluunullqnn::uloto]ntfI
dr a t , , i i aa 4 <,lrjurruuqalil{un.:nr fl?uTo{50u. en4unra': uau10.:0udlyt11{aounqein::ruto{otntf,lflu

ruiluorrAuurrtn It] n:rruo-ner-r'ld(Compressibitiryl ruLuqanrqfinict-rrfiu v,lp, Inarruua116o

lrprnrilu v,/(yp-) t1J rfio y 6oo-qr:rd:urirnrrruiouiirrnrslo{olnrfl i'r"'.:furil^o1#il3urn:

' iar a a d, ,i 4t
drufrriiurr:r:rQolilnil-nrer-lriuol6uurnnriiu vr [[au v^ nrurirril dilnt: (36) osrilfiuurilu

ArP,

95

Lr=
(2nf)'p(V, +L;

v

s lA- A^
+ --* Il+ ----r11' l. ,,

12ff1' 4 A. AH

IA- A^ A^
- ' (h.+ .. h-+r Lo) (37)4A, 'A, " A.,

zi r,r,o lA
lrro tilnolJa01fl u'rylodntulun:exondurnaoudru rrouaq#tuyn,:rYlur?1u^0r0.:fliln]:

- 3u, 4 @ .l
(36) rlau (37) nuQnnaT{ til dunt: (36) rlau (3) ourfiu0unildrunt5ltlfluo t9u west Itl

4. fl:il
q a to j 

" 3 atuu1lfi2llJurrulJr t a 0,:111i n il fl fl't dgl: 61111: il n t: ft ]u't tu ?t tn? ]u010 {ritiltlun:uuon

q u r n a^ o u fli u u a e n ? I u u't 2 lJ o { ri r ri r 1 u vi o rJ f I q n d r r a u o 1 u g il r r u u ?l-? 1 il
trudoritttlliirao{vn.:nfrnflr6rerflugr.luurn'':'hidhJ:J:yuneildnlun:diirurrsrir.:1rnio

rrGulrfiolniurtuuiiraoiuuuiilnrrfirirrauolnu{6u nrirrurriirao,:lugr.lrrurn'':hJfi
4q, e Jd o o i s qtA

u trdu 0 u lfi r{ a a rl r rq u ? n u n x r ru u ii t a o t lu g r.J r ru U ii ttn t s yr rau o I n u r.io-u
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2

t&c'
fln n onH€uYr lY

. g j e)@ d 2
Ac = UYl14Ul9lnl0 {1ttUU, m-

. 34 vv ,r 1
AH : flUYll4Ul9l0l0{1tiOU, m-

. i! ,)v , A
A,, : 1\UYl?lU19l gtt 0.tYt 0t50ugt 0, m-

. 4 al 9 e t ts 2Aa: fl U Ytl.t U tFtft 10.: yt O U: u, m'

f : nrtrd, Hz

g = rirnrul#uri:{10.:lnn, 9.81 m/s:

b. : n?1rJd,ruo rdrrirlut rr6u, rn

. " ?" e
hH = fl'll d.llO.ldtUI [Utt5Ol-t, m

I(E = ilnlitUOnU, J

LD = fl ?uJUt?ro.rri og:Jn-':gotir,:i ra. m
_ ,i ,Lo: fl ?1ll U1?110.:T OtflOtJ9tO, m

L, : fl ?1lJU1tro.:rirrirluyiorlfl, m

pE = ila-.:.:.1uf,'nti, J

- JA J
p = n r I il niu fr r fr' ru fr u n r u t u.io.:'j r.: I o { r ni o.: r, u oi, Nlrn'

@q"-A
p. : n ?1ufl u11 1U tU SO{A 1.:1 nnfl UAl 0 {rft 5 o{uu si, N/m'

vo = :Jilrn: rirudrfiuulto r16o:L rsr-n, m'
-- F ' ;d,vr : u:lJtntdlul]tIu[[uxqilHnilfl{gt], m'

v., : il3rurn:nralurio.rrirslrl,:rrunrorrni o.:ouri, mr
i^ .3. d zl )

xc = IUUY Ylliylr{1n0{nlUt lUfllrUUrnAOUyt, m
;^ .3o y A i

x, = IYU&ll1llYlfl?fl0{AlUl [1J1'15 OUtfl0OlJ?1, m
iXo ' i ' d A

xo : 5UUUYl1.111U I [UYlotYoLlglolfl A0UT, m
i^ . t. 2i i

x, = 5 & U U 1l 1.1 11 r.1 ?1 O { A I U I t U 14 O lJ 5 lJ lft fi O U Yt. m

Ap = fl?lilnultglflfl't{, N/m-

y = o-fl : r d?uri'rfl ?lrliou 0'1rfl 'ru I o.: o rn rf, , I .4

p = fl'lllr}.ru'rrriluno.:dr, 1000 kglm'



?l:dr::a lnr*.,nrasr{ us: fld z quiud z

t0flcI-l:ot{to{

ll west, c. D., "Liquid piston stirring engines," van Nostrand Reinhotd, New york, pp. 14,

32-35,37-40, 1983.

l2l Kongtragool, B. and wongwises, S., "Thermodynamic analysis of a Stirling engine

including dead volumes of hot space, cord space and regenerator," Renewable Energt, vol.

31, pp. 345-359,2006.

t3l Seto, w. w., "Theory and problems of Mechanical vibrations," McGraw-Hill,New york,

Schaum's outline series, p.7, 1964.

t4l Thomson, w. T., "vibration Theory and Applications," prentice-Hal/, New york, pp. r l,
30, 1965.

97


