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EXPERIMENTAL STUDIES OF RADIAL WAVE
THERMOACOUSTIC ENGINES

- ANNUAL REPORT |

BRFFF DF,.SCRIN IO\ OF ACCO\IPUSH\IF\TQ

Thn. hmznnml plate p'm‘e mover ha~ bc.m ccmstru tcd in collaboration with Dr. Arnott at

: thc Univ crsm' of f\n aua at Reno, zmd rs"crxcm:: the .3!! meeting of the Acoustical Snfsxety

Cof -\memam d&u~tm Tems 1 Tre amlvsm of hr\nmnml rla\e thermoan oustic engmes has been

n-npleted and \ubm;ued for pubhmuon in thc. Jm.'nal 0‘ the -tcnvsn xl Society of America,?

g and atheorebca? no'n-wvx.m : .!u a:rd _.rzd:a! wave shermo;z:ous.:zc engines was .r:;w""* mn

f’)\umn - Rckort wa\ arm qub at Aux m of a prevxouslv ‘dexg nbcd Hclmho.u resonater prime

T

movcr Anal:, sw ot‘ vcrm.a! plate (hermm”oumc engines has renemh been um‘plctc nd a

mamm.npt is hcm" r:vv. red P e!im“n‘x ¥ \'gn:, 2l nlate nrime mover reculh. were r."\mh“d at

e - a8 P l”"' Pt

I3

: »thc spring ...t.e“n" of the Awusacd! So\ zet'- of Amcnca in Washingtan, DC.2

t Radral Prlme \10\ er Pmtﬂ'y pe
A %chcm“ fic of the radial mode pnmc mover \tadr \»h;m Las becn constructed is given in
Ho 1 anﬁ the resouator is *‘nm‘ M n sz 2 "‘lu Systent is qunluuu for & gas mixiire o

H'c..um and 40 o Armn at 2 pru ﬂurc of I *tm wuh an ogeri ing Teguency uf about 1.8 kllz.

. The. C}Imdma‘ rc,mndtor is l" lﬂChC\ n dx.‘m“ter dnd 4 mc[’es hwh ’H-e ome Ting is aluminam

amd rh:- top and bomm pmm are s stain
CQuter diameter of !ﬁ.346 mc‘hcs and'a'n inner diamerer of 9.362 inches. The theoretical

Lot o e k< k oLa

1. .-‘ VYL Ramanmdiers
R R A e A A R A
T

auzlity factor goes o infindy (onslt wniperatine ditiorence) is up
the heat exchanger design.
Based “ipon some pluae wave prime movver evroriments at the University of Miissinni

wwebrich chevead punr mn Tt dh p e a e et e L T s s T e s Wi e e




next to the stack, the initial cold heat exchanger design consisted of copper tubing to cool the top

Q

L

T y ] ~t] : 3 a .
and bottom plates. and brass screen ancd copper whing o function ag 2 simple heat exchanger,

The predicted onset t::mpcratufe differenf;e was about 200 K. This éesien proved to be

' esefs;mp fified. A small increase ;s} the quality fatsar of the system was meamrea‘ but the

chisved wag npzv zhont IAK Ao grgmrmnan”é vertical

¥ s vretos Aiis - na -

CIXimum Cmpersiur :i:;ze:.‘::::‘..
plate copper heat exchanger was £€}¥I\Iﬂi{ ted by Dr. Arnott. The predicted o §se: I€I‘$§t rature was

. &bea: IS K. Alﬁmash the ;apautv for heaz nchmgg is mum greater than that {:f the former

heat exchanger. the aztsazzaﬁics is also much greater as is evi 5{’% cd by a si. nific .EE} larger

onset temperature. The greatest emperature éiffr:renee achieved was abmﬁ 1ISO0K.

The hot s,ée is heated by sz;c‘zmms wire, and there appears sto ks no —:ra’uiem wpg‘;}znw

envugh heat in this way. The problem we zre having in "«mmtnf‘m;‘f ¥h:~. i'%re‘e Sf*‘*}ﬁ-"*f&;ﬂ‘

-

difference across 4 imra distance %s one of cooling m*}?h%st} Scveral gotﬂntmi pro \lcmx have

~ been investigated: thermal ma&gcmn across the s stack through the top and bottom plat :w»{ ihe

resonutor and rudigtion from the Q?C&!ﬂﬁh‘ w;re: throueh the stack. When the ?e&:er~x§3a k-cold

A A

heat exchanger system is removed from the casis ,g and covered with i insulation zm and bf}imm

i..

o~

ftf{ec‘*“‘-‘f‘f remaving the.:m:n {*&négmuﬁ ;Imszig; im, o "?é

*{e:ngserz:;gre difference acﬁ;es*eé is ESQ i\ Thfrefm:, sm:zn; down heat cat*émteé across the

FESONATOT Plates can iﬁcrezﬁe 5}’ by up o 3€¥ K. A bfasss screcn was then wrsggﬁeé around the

: R * £ S04 e sy ¢
outside of the stack in oxder to s fmim‘: mi’ amaust ol ::i:u;::;::'; fransnutiad ;izraﬁ :

e}

LU v A e e

“cold heat exe E;zag r. w‘uk Etévznf t&e system e;,_;t of the {i'i\n*g 3;::§ insulas ﬂﬁ on top anci bvztem

"}'%;e largest remperature é;ffe:eme azhzeveé wus i?f} & ’? he 10 K é f%.s;r‘:e:s‘: between *%;Q
sereened result and the non- «:u* ened result i ;:rs:‘:;:éi :5:*: o thy *srwwm*»* n{f:s“-sm
Therefore, it appears that radiation is not si Znificantly contributing to the heating of the cold heat
EXCRAnger. - | | ' 1 o »
Since the irouhie is due o a difficuln in esablicking the neCesAry mpeist e sradicae ae
attempt Iy being mide o reduce this guantity, Coloddations show hat a stokadentical w the

[ -

present one placed i resenuter whose divprnr o~ S8 pocboa thos ©
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atme mphmc pressure. For this small AT, the precent cold heat exchanger can be used as the new
‘hot heat exchanger. It rcmains only to construct a jarger resonator arnd a new cold heat

© exchanger. This,ﬁ'm be :!ccombligihcd shortly.

H. Honmma! Plate Thcrmmcoushc anmu '

‘\ papcr haﬁ heen submltted descnbmo thc fv’i :‘korv for honzmm! pmte tnernm\, ousiie

. )

,enume~ mcfm‘mg.. inlication h rrntnc*nnc* MT'\- Pnh‘\m‘Pd photoN )\n(‘ spec Irmconv anda

IYLE. n cxus banns E

theoretic 'aI comparison of plane ard n.dml wave k,nme moveh and rc‘n ger cvr.x.2 Dr. Amo‘t( s

- report gm dctaxled dﬂsmpuon of thxs work

-+ III. Thermoacoustic Engines with Varying Plate Separaﬁon o
- Swift showed for pmnel p!au ﬂu’:l’!‘ﬂo«.t(}ust.u c"i ines $ that the i
nn‘smwed when the plate Qnacmz is rou"‘llv t"l e thc thm' puxw?vm depth.6 Bennett

rcamcd that varymg the plat e spdurv fro") the: «.u!d sxc‘c to tHc, ‘mt qoe m a thermoacoustic

et lnn 0 mmtinaal pharmal o B
Ak Ghadtrve.y s uulut Rt b dhital wlibbedn

engine had two pocs‘b.’c bcn 23 p ' 59 '

o

tween t*xe ﬂuxd an d t‘xe enwme w '. to be c‘incc‘ y a"oroxmmcd throuvhoat ﬂ e en«'n e since

the memul penetr.mon c.epth varies with luupu ATUTC. qLCG W&, it can reduce acoustic fosses by

.ndurvr lmped ne 5 at bc!b m!:"‘ :n s Df !!": ':':g""" as ir 2 !f.‘!.'.fk caker r horn® Bernen

formul.xted an andlvm «o(u.xon o t? e p'ob em h\ ac.mt 'lg, ‘Sv. lft s puralld nl“:e wave cqu:m

;e (Fq “4 ﬂf Re‘ 6) d"sd 'Iomnsz wr .1 co"smrl slu"c betwcen mcccss'

Ref 7)

- Analyzing Bennett's work for application to radial wave thermoacoustic engines, it became

thermoacoustic engines huving a varving rhie sepatation. Rott correctly anproact ed this tvpe of
- R PRI v .

: Tp g .
fnorler e soamoahmear shope wotd Bave (b sirumed
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problem while consicering sound propagation in tubes with variable cross-section by introducin
the changing tube cgesg'sgcgiegg_i area inio s!ze wave cauati&nf* as in Webster's horn t:{rz;;tties
(Eg. 7-8.5 of Ref. 10). The theory of ﬁa“:.ci engine thenmoacoustics is <*ev.nbe{i below and tts

effectin §'?¥3§¢ movers is namencaK} qz: ntified.

A. “Sloped” enginc wave equation
- The thermoacoustic wave eqaatxef; for the paraliel pim imsz;m&;om&; én &;s f Fig. 3 s

given {w Eq 2§ of Ref. 11 10 h¢

o

Po_ g E) -é—f-’i} + 220, 27) ‘331 ~KRopp 0. @
F (&) dr L Po arg ; | R ) ‘ e
\where
B (FpfF®) - H dTo ,
3{?.,}':1*; 3 ( s } o ’, {-}
Ky = 2y g oD . B <
F& = 1-(2/50) mshs,i-::g‘.’f o T o @)

o "gis the ratio of ﬂené <pu:;f;c hﬁ’if‘é p{, {r} ii ti*e aﬁ‘ih.{‘ﬁ‘ ﬁmé épmzt'c ‘ B is t‘zt: ifit‘.e& s:t‘ \etmtzi gz ‘
. the fluid, o is the *}\‘Eﬁéit}f\‘ %iﬁifiiiér freqast,nu of zha awmm ﬁ&s m%xzm. pi(rsis ihe dcoustiv

' ;}ressgre B is the voefficient Of thermal fxmt‘saun ﬂf t%k fuid, g is the Pi&f”"" number of the

S e x e N . s e

CEERRELER € R0 4 BT Htem mlomEeld Lotasre S tlEpimeseseen v

o= YINB %




:E < )
AT = MO =v2v/8¢ S S S ()

8y (S is the thermal (vmou) pcretrat:cm dep(h in tm ﬂuld and ¥is thc plate 5cp'mnon

' Figure 4 show s a themmacousm. cnmnc \mh a cors«mt s!o"c between successive plates.

-

Rernett accoumed for a sIopc.d engre bv np. cing y with ;»-' (r,‘ in thf parallel

equauun (Eq h w hu;

} (F) )u + 50, (7): I

ll

oy Yo is the p!ate sapa ration at Ihc cok‘ (‘e z) smc ol‘ d e enginc. s xL - \, : L is the slupc of the”

- plates re!vnve to eich ot er L 6 :h engis

- e
-—_')'n“ i5

3 "y
(%) l l

3 thc hot (nzht) sxde of the enﬁxr'e and'r xs the ('w;tancc from tHe co!d ( cf ) :1de of thc cnt'me

Adopnng Bennens method of al!owma for a cnn\tam qupe hetween successive pmc~ *

dnd )T in Eq. 1 are now po ‘-i‘!if!fi‘.}“ P.ﬂnr%r»m ruo"m: ‘"_ cin .r_'g Xp hag heen fr"" n'e-(l h\ vAri,

ree ’

Hcmevcr. eicaminatinn of Rowt's \\'oi'k with tuhe» of varying U‘Ob:« s&nun" reveals th need fora

'»','fmd'amcntal c‘mnvc in Eq ! tor s‘opeu eng,mes -" zziio“ mg to' aruz d\a’wcg w x*nm mmudu.u

.rm — m addmnn m xmk'ne /. and /1 n(mmr. ‘

s 4

pores in the sl.nk as in W «*hcrar s hnrn Pr'"'v'
dependent. The correct wave equa:xor. for smgkcd p"'u: the..nmwmm u,;-n»'s \\nh \.\._ ing

©o plate spacing is

) :,' __¢ p(l‘) FU‘} dp; L .
Amem drf Pyt

PL .  27.;"‘ Yoy = 0 . BRI P IE
drﬂ((mm 0 ’(SJ o

_l‘fwhere ﬁp(r; is the (.I'O\w"\e(.ﬂ()ﬂ d area bt't" wn w o pL..c\ at a ioc.mnn r (w the pore cross-

" sectional are feal in the _e.ngmv,fm(i y is xepmwn " uh € (T O L L7n Foanc AT The radu

thermr);tc‘(ms!ic wave "1"‘ "'l‘” can hr‘ I$: "f‘\ r"* v Hh 4 m’r% h—'m-‘ 1‘ oot .;h ! ;7'.‘5": fg‘{\:ﬁ-&f{_‘[f.»!\';}}

.. . . Ty o'
area and s ideniical o previoos results <7




B. Pressure and specific acoustie impedance differential e{;smzim;s

The {iesivz:iﬁa to follow is a:;éieeéz;s to that of Ref. 11, with r dependence showing up in
| some prev jously ccsmt:mz terms due to {he changing craﬁs-scc:z onal area heiwa
Define as 2 pore the sp‘zcc acmeer; wo giates Let v;-{r} be the avarage particle \'eiacitv fora

‘. gssﬁicaiér pore thqi'gfi.i;Gﬁ, n the total ns.zmher of pere; in the engine, Arf «{r)the rexas*se.ter

s oreatr f; b L et valeoaire Fae tha

L Cross- secrionalarea at r. ép{r} the gass-\t,.,fmngf arca Oi a;‘ HCALY, vop the bulk SISV O LW

" resonator at 7, znd () the garafstv or the ratio nf c:nen area 1o total arca in the engine at r.
Volume ve§n¢ity is é;ﬁ{rﬁ'}g = u;’%p{ rivdrl, bt £r) = nAp(riAredr), therefore, xr,{f} =

Vypifdrl.

The equation of motion for the fluid in a pore is given in Eq. 13 of Ref 11 as iwppvir) =

" FeA)dppidr) which, mfz the expression for v/} ahave, can he written as
. Vi dp R - .
iopo2- = FyL o : | W
CQm T o ! ’ L o
';,}&fitht;ezieﬁ'z tion of ‘;;e\iﬁb gumxi impedance
zm = DL o B o am

\‘!gb{f‘f '

the first order dif'er 3{1&1{'%;:5;2 nfo p::g:;g::t s fopnd from Egs. Qand 100 he

dpy(ry . min :
SEECL = 1 {f", 2 ;? 1 L (11
Cér " I it S ’

where




PO(" S ' . . ‘ 2

gt = - .

QMFRK (A, A1)

The impedance equation is derived by inserting Eqe. 9, 10, and 12 into Eq. 8, with the result

© given by

AL m T)éml(r),[l RIS B9 ) )+ 2 g !-ﬁ’) Z@y. (13
r - Ry .m,(r) L AP(") dr Qt’r) o

~-Given the definition of £Xr) above, Eq. 12 can also be Writien

dZ {r}
A-eq‘ﬂ ‘

._a;_--d\(l.m)?,m(r) l- 71(r) | {"U (lm‘) -—L—- d Am(n }Z(r) , (14)

-'mt“)s

“C. Prime mover re‘SuI:s
Ihc heat exchanger um; crature axfterc'\ce (omct tem: ,)cramr(; atw hx;n Q -+ fOru given

dmhtcm heat exchanger tempe .?s, w..cré Q is z!:: FeSonator q;a!is:f .a-:tér. ‘ian he ‘»’!r:rr:mr:d

by mtcmmon of l:.q; 11 and I% \' xmer a} m.c"r mm of quxlar cqaanons is de:sg nbcd in Refl

2 for radial wave pmm movers and in Rcf I [ for pidne wave pnme movers. Tm. integration for

c[opcd stack, pi.m_ and _r_!(fml wave nr!m, mnwn was 4€'hre\’f‘d by zdapting the .\nlution
o dcsmbed in Rc md 11 such thn t‘n, vdrvmv 'ﬂ“tc wacm cross-secné:\.a! ared, and po'osu\-

"werc inc Iudcd

Amon er al showed nw for mmﬂo!’ p}ate thermmc austic eng e\ the nmmml plate sna\ ing

ocun ‘when 7T =32 (R«.f i,,, which com::pnnd\ toa pia S <ep(.mt‘on of 2 6 8y (this is the
; pla:c. <cp rration at zhe ho: e*‘d of the €n;.'u:€ snce A 7 2 '3- 2 c":rrcspar;ds”:n z

Sepuration s the- chot end than a the cold end. o.\ smizlier o1 the cold sice of an engine. so for

Cen optimally spaced parslie! plate engine the plae weparation o the celd side is greater than the

. . qpr s ot , S ST RS PO B | 3P YU S T . PPN
plare separation which would achieve the hesi Gicnna! contact, Deline the siope rdlln & ind alio




of the actual engine slope s to the slore which gives optimal thermal contact, where optimal

thermal contact slope is determined by setting 77 = 2.2 at the hot and cold ends of the engine.

Positive (negative) slope ratio corresponds to a wider plate spacing at the hot (cold) side of the

engine.

"B, Plane wave resuls

* Fig."§ shows numerical €3§Ct{§i§§£§f§$ ef si}", the onset temperature difference. as a function

- of slope ratio for the prime mover ds:.s:f**w* in Tahle ? “The resonator cross-section is assumer

to be squarc ard the resonator ieﬁg'h is ﬁeid cm stant. The integration is initiaiiv run for zero

’ slope to determine the optimal pf&“ s'gzﬁcma fo' a psmilei pidte engine. This vaiue is then

* assigned to v atthe cold side of the engine. As s the slope is ﬁenﬁei the plate spacing at the hot

side of the engine. ¥, changes; x#*hieh requirf-s és’ze érass-seetﬁasai éimensina of the &sbc an the

~ hot side of the engine to vary duc to me spreading of the engine (the other tubc dimcision is also

varied 10 meintain a square geomerry. PG?G‘«EIR‘.‘\ of the heat eu%s‘.szers on the kot :md efﬁd

sides are held corstant at 2l times. The process ;s then :e;eaié& for di_ffen:m values of _v.g; o
determine the Iowest oaset temperature &c%;ie*csz?iic o ‘ i ’

In Fx- S, curve a §r{}\:i£§f\ tﬁe besz zhem.ﬁ con tact i)ctxreca t?ze fluid and the scsii*i at ihe

; e‘a&i siée §f thermal contact were the dominant factor in éeere’*i;af' .«jf one w outé exneu curve

" a with slope rario = 1 to produce :hsi west possible ;i Lis é} uis that this i m the case.

stﬁi‘&‘. for curve a ulone tf*c low est ar oveurs w hen .‘.f{?pf? ratio = 2 ‘ﬁ In addition, curves h.c. d.

asé e, which have gfats ﬁpaefrgi gr;ztcr tf?é& 2 €} z’g\, ha*:e mue& iswf:r a: 3 tha*z gun'e d. { he

.

v - Imi :‘ 4 ’ é * ‘
seké dots represeat the minima of curves 2-2 and addi itior ;‘* s.;z ‘.té with :f:fi:.“::"i ‘;:t?ti’:s of ¥

v 'fhe lowest AT achievable for the p;:rzzikei plate :ngir.e (curve ¢ with shope ﬁsffu = () is about
- 137.5° C. while the overail ii‘liﬁii‘%‘i& teurve o with slope ratio = ?,fé} is aboat 131°C, soa carefuly

1. . eh. . . s
£~ 33 gn—ux £ rant e Flose ¢303 3t fasrvear *Hrc \h\v thic cuctam "\t PRI LW ATy ht e Ty
Sp&i{f{} 3?§ ‘ci{} ‘ MiigRaeh WL VD tns ast PR IMARL R L MY S YOIl U e ALy

6.5 C. There arc “wo additional things o note. First. curve ¢, which gives 1w lovwest M has o

wider plate ~pacing at all points than the Jowest A7 parallel Tate spacing. Second, the slope




‘ratio which gives the lowes: AT in’ curve d is large, so a smaller fraction of the fiuid is in good
thermal contact with the solid {sce Fig. 6 for g physical picture). The aheve cheervations Ioad
one o corclude ;hatf there is a trade-off between reducing acoustic losses via impedun&e
ratching using sloped stacks (ard thus chanéing 'the résonaior cross-section on thé, hot erd) and
~ having zhe fluid in good thermal cont: oty '::h ..c solid, with impedance marching being the

- dominant quunmy for reducing the onset temperamre.

lABLL 1. Slopcd stack p!:mc wave pnme mover spcuﬁcauors ‘var' dem'e\ qua ntities which
vary with engine slope. Ambient temperature is 239 K, ambient pressure is 300 kPa, and the
v fluid is Helium. '

et

— e

vj-"vSpcciﬁcartion_Opcn Tube Open Tube_' Cold HX Engine Hot HX . Open Tube - Open Tube
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-
fal
=
-
et}
-
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C Plae
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g M (TS R B T 'S, S A . te
focation of the ngine in the tandicg wave, THiS Iodaton wak chosen <ich that it prodiuced &

H T

mirimum AT for the parallel plate configuration. When this parameter is atlowed 1o chanee




“even lower ATs are achieved using a sloped engine by ii{iing the beat exchanger - stk - heat

C‘{f.;}én‘.‘,ff system in the direction £ ihe ho end and 2llow ving the plate spacing and done 1

increase hevend that which gives the lowest AT in the original location.

E. Radiai ware resiis
Radial wave prime movers with “washer” style stacks have been investigated.? ard are
,&.§3 ¢d to the plane wave paralle] plate engines in the sense that bi.{fi have a constant plute

spacing from ane side of the stuck to the ot ther, Fig 7 is 2 schemutic “f the two radial sacks

3 REEwe t\x‘ REEN \fun.;, & i v 'a A ik E
being compared. AT for twa different radial wave prime movers with varying plate spacing hove
been plotted against the slope rarie and have been *car::pafcd with the A7 achievabie using a

“washer™ s:vle engine in the same resonators an ith the §< radial lengths .md tocations.

Note that the actual slope between the g ates in the radial wstem 13 wnﬂﬁ«azchf determined by the
numher of plates, the plate thickness. and the radial location isf ithe stack: ihersfore, it is
impossible to choose 2 cold side spacing and sweep :hmugh arange of 6{\:‘&:

The first radial system considered is a scaled version of the g?aae wave syste:z: described in

: :- e I L R R N

-
CRORAWT is the samc as tar ol de P

‘Table 1 such ﬁm{ the resoiaint iequency ¢
resonator 314 [2) The éin:ensisnsagé specific .nfam f}! the %H Hz nzei,:ﬁ xerzmi RN i; syatern

_are given in Table 2, and Fig. 8 shows AT as a f{fﬂéti&& n" éf-;:f* ratio. The msrﬁmz m AT

YA ﬁ‘f‘ P rTIRy, rrk'f [ o P n&‘ TAT 15 ¥ i‘
RO R “"”i EHECHE SR ;f“ { %;_‘ it

'y

calculated for the vertical ;‘c prime mover is
“washer” style engine. The sece}né radial s;sz:“x camisie ee§ i 2 madef g*?ete'; v being worked

on thzuh has an operating {:e{;ueacx of about 1.27 kﬁ; ’i“ﬁ; dmcn\ iors ?nd spec ;:;.ca*ia‘nx of

. -

ﬁi’l‘ § 37 §<§§2 v3§¥§3§ vertieal sh wif CUQtErrE ara @it 11y T'ﬁx?o 3, smrt Fm Q d’eﬁ\; < XT as ‘smf ron

ik ¢}9‘\Sit Prigs :*-\ b Eii 2 HES

o

f’af slope ratio. The minimum AT culeuluted inr the vr:rtzmi pf e primc mover is 353.@ C
- compared to a low of 255.4°C for zhe/ w aﬁze; stvle er: ;mc. N |

In both of the i’éiii"' sYSIems corsaeren, e :\f; O having a \"f:?';.se_;;*.% snea engne

rather than a "washer” stvie enging is very smalll Examination of Figv, § and 9 shows that rudiil

¥

sloped engines are conlined 1o extremely low sie rutios, wmare than a factor of wen fewer 1ran

=
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means th"l the spacing in the radia! vertical engings corsidered i only slightly d':ffércnnhan the
| _-spacmg in the comparahlc \xa\her stv‘c en gincs. A hvighcr Islope rativ' is achicevable by
: dc:re.xxmu the radial dmanc; of the en«mc fmm the center, but this would tend to move the
- engine tmm outside th CRILIC node zfc,, i.ﬁ;idc the prc'sr.urc node. raaiul!;; rc‘.':'riiﬁg the relative
I im.mons of (hc hot and col c xxdes of t}'e engm; av*d cautmg t‘xe increa sinu slupc‘tov be in the
\x-ror.g o direction, Thcrgfon' the small ad\amavc mmcd h a Ldrcfu!l\ «mwd vertical plate,
r..u.tt Prime mOVET OVEr @ wJ.;‘. ;:;\'Ic{-é‘."i:;m ’hzc‘;'cr isno t‘.'.or:h any extra trouble which
. mxght he nuusary m cmstru.uon of 3uch an cnomc It had becn hoped xhdf the varidtion in

- platc spm mg mmnsu to the radml v mual engmc (s‘opcd) geomem wmld be advantageons:

e m.i n -:m uwmno rnmhm'x nw ubr\_' little chanve

B v Sressee s =

: ’ ; mtend Wt
hc_me\v::“ due o dh. -:dcom.':.}, cf :.Ee sk

L4

in MT is prcdh.tgd between the I'Ju&"i' \crm al LDL]'V' ard the mdul w;'.shcr" stylc (para’le! plute)

cns'nc

8 \BL. 2. 314 Hz rad: 1 prm*c fov er <pec1t1c.mo s, “var” dc notes qaammcs »\huh vary with
engine slope. Ambient temperiiure is 293 K, ambient pressure is 200 kP, and the fluid is
Helium. Lengths are radial distances (i.e. there @re 162 cm between the center of the resonator

=_d the inside of the cold kea: cxchanger. ' .

_Specificetior© OpeaTuhe ColdHX  Engine  HotHX  OpenTube

',_Lwﬂm (um ,

 7*0 - on6
Hem*n ll.rm PR RO 4' 50
Powsty 10060 var 0810 - 10
E"“m "l‘jmcbméyss nﬁxﬁj' B c)“.‘"{{x"ix'r’”f: - lmv o e -

Piare Material , ' Caprer micy Copper




TABLE 3. 1.37 kHz radial prime mover specifications.” “var’ dena“es quantities which vary

with engine slope. Ambient temperature is 293 K, ambicnt pre«;zrc is 1 atm, and the fluid is o

50¢7 Helium 40% Argon mixture. Lengths are radial distances (e there are 10.62 cm berween
={§‘t¢ center of the resonator and the inside of the cold heat exchanger.

Specification ‘ ~ OpenTuhe  Cold HX Engine HotHX  Open Tube
Lenzth (cm) - 1062 L7 125 0.1 2.0
Height@m) 1016 1006 1006 1016 1016
Porosity 1.0 - 0.450 var’ 0.70 1.0
Platc Thickness {mm) 1.034 0.1524 1.0

Plare Material N . capper mica *:‘3??‘?? |

s e zonre

IV. Thermoacoustic Helmholtz Resonator

The construction of the tht‘ﬁ;;&ii‘ﬁtfhtst ally d;;\:cn Heim%mks resonator of ri“ I{} wis
described in Last year's nper{ Thc advantage of this tvge of prime mover is thul it s 4 compacy,
“jowfrequency sound sonree. The erating freame"m* nf {hz\ sm.ﬂ prime mover is eife;az 220

Bz. Experiments were ;:e*ts}rsneé using a tam*tmzemi copper ! fin mﬁd h cat exchanger and using

=

a section of cooled open tube. ifiiee L-{::ft&;f' g §s;§h.\ vwere found. Fsi\;, i opting

[

~ the heat exchanger - stack - heat exchaﬁecr svsie m iﬁxe Eacatmn which gives t’zg lowest Al s

suﬂ& that the §f§§ abvractzarr !a air ‘ia\s accurs at ths gmm 'ss.be"e auni f{rm w.m w is zehiev:ﬁ

© i the hﬁ{ﬁ‘ of II’iE resonautor. ﬁ"ii GOCHTS Closer : i ;Em H for is;i*: coid GPin i g Jr an for .EQC

copper fin heat exchanger, since for the open ring the first obstruction is the stack itself. Figures

P i em = ) P e S S mLw e - Lole S i e .
Tv e Dl e gl SlagiT o Lol hol Ltmmiis o

ey ¥3 syeby - ‘Eéi 3 o IETETL o Lanx t ix s : 2
locations with & cold beat exchenger and with open whe coeling. Seeond, i seen from Figure

11 and 12 that the open tube cooling cuts down 2coustic losses and requires less power 1o be
It 1

delivered to the nichrome wire beater for onse: te ovcur. Third, in « test of optimal onemction. it

avin the narl nf b s (ISt Y . « . - .
wis forenwd ot havin: < neel of the recor aar fo0ins 1 s thoe romypastias haln b

[T S 2O
LR L RN T A L AN - L
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hot slde of the stack, reqnmﬁ a mmh lower power to be mpphed to the nichrome wire heater for
unbet iwhm Q — ) than when the neck is facing down (see Fig, !3}
» »’\nmher accndgn’a! hut mtxrcsun“ fi rJ '1L wWas tha: thc radial pnnu, mover desmbed in the '

prwmm section can opcr.nc as a zhcrmmcoueucally driven Helmhui 7 n_mnalor \V hen :hc

temperaturc g ffCl'L".CC waq huilt ’-‘P 3r_‘_gg§ the 5!;{:;__» ._md the m:cmnhnnc nnn \!.?Q remnved a

- “we‘,k 106 Hz tonc (\-. hich cnrrc:ponds very mwh to thc predxc’cd Hc'm‘*ohr rc<on°nce for thls ,

‘”e\om(or) was beard
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Figure 2: Radial engine resunator.
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(a) o . 'stafck of plates |

(b)
__ Fluid _

Fluid

Fluid

'Figure 3: Parallel plate engine geometry. (a) Overall view. and (b1 cxpanded view. Plates
have thickness £, and fluid lavers have thickness g
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':Fzgure A ‘Sloped engine gmmetr} (a) Overall vie view, and (b) exp.mv
~thickness t, fluid layers haw thxrkneos y(r), and yo is the ﬁmd Iavcr th.rkncss

. side of t.hc stam

- Fluid B

t the left
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mm & 2268, §}§ yo = 0.847 mm, ¢} yo = E?Q}Q min, d) yq <- f} 955 min, e} y, = LO65
mm. Solidd dots represent minima in A7 for curves similar to a-» with different y; values,
The ambiznt beat exchanger temperature is 293 K.
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ssemeai stack

- washer-style stack ‘ -
Figure 7: Two different styles of radial engines. ‘The vertical stack has a natural v: aving

; plate spacing, while the “washer” style stack is similar to the plane ;mraﬁel §¥ate stack
7" since there is a constant p%ate sg;&r;ﬁg frem one suis to ﬁie &tiser
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Figure 10: Thermoacoustivally driven Helimhioltz resenntor,
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1/Q

Helmholtz Resonator
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Figure 13: 1/Q as a function of the power dissipated in the nichrome wire for two dilferent

orientations of the resonator.
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