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1. SELECTION OF THE ENGINE'S STRUCTURAL DIAGRAM 

-\s a ,-orn:ertin~ tnC'hani::;m 1n Stirlin15 t>ngines one usrs mo~t 

oftt.'11: an axtal cr·ank mPha11~srn, ;1 rornl•iL· dri\·r.·, a ln['Pr "ast·er and 

a crank-back-balance mehanism. 

' ~ 't \." ... -, er.-=; 1 nt.• 

l I\ 

t 0 

dt:'s i ~11 i ng a rad ir.anufacturin!J 

t ht: II SE> of displ:1·:C' t '.· l'f' 

:-:t 1·111: .. r·al diagram for- lo\'-pcn.·~r c-ngi11c·::; I about 

desi~11 is of coaxial round heat exchanl!ers maki11i; i;u::;sibJt:> to h<Ht> 

u11if1..inn temperaturt> l"it>lds ar·ound heat exchan15ers elements what 

in ll:·dl'l' to .~limira<'t!P a 011•"-\'"~ fon.-,. <tL'lio11 of '5<lS pressure 011 :1 

~.:01:,i11~ pist (1n and ther<.>j0re on crankshaft hi:-nrin~-~. tht.'r·c· 11t11~t IJl" 

anotht"r chamber und•,'r the piston in this desi~n with the pressur·•' 

lll'<H' to the mean cycle prt.•ssure !or sometimes the minimal cyclr 

Th<-' Sj'!'Clal buffer· !'f'<Ill i rtC'd thf.." 

app! :cation of ;\ 11 a add it ion rod sra I and fur thermo re i l 

:\ I I f• I'! H\ t l v <' : 1 l' I, 1·1 ~ • 1 c h . The eni; 1 nc:> becomrs ill0!".' •.".·llll»t~·t l s 

, r ~: 1 1 · l, · t ,, r i z c· J Ii y s ma l l c> r f 1 • i .. · t i o 11 1 o s s <' s ; n s e> n ! ~· n s o 1 t l y one st.• a I 

.. , \ ,.~ I . . . I ·-. f ~ i .... t t I • . . l . ( ~. .. i t ' ~ ~ ~ t :' . e. t II•' 
,f ; ,·!I ··1· fric:t ion 

~Jl'i11..i; "'lllip[H'cl with rhnnnPls (piston r·111•sl hnrd coats are utilizc-d 

to 1··.•pJ;1cP ~rP:1sinis . 

.. :. ! i I'! i n 15 <' n ~ i n r o f t h c- d i !-. p l ace r t y 11 f' f o r · !~l i n I{ t hf' h n s i s ,1 f 

th£' iir·cs<'ril df'\•_•lor·m<>nt US("~~ n l·am drivin~ mt:'ch<1111!-.m, Sf'c> fiS!. 



Stirling engine 

GoldStar do not agreed to open this part 
to third party, because GoldStar ls on 

the application of potents at present. 

Fig. 1 



The> rf:'<iust- the f:'n~inP's Lolal co!':t one must utilize lo,.;- nnd 

fO('dium- allow mat<'rinls nnd lo"·er· thr workin~ tempt.'raturt.' 1..1f 

l•lemt•11ts up lo a le-.·el !650-700)" C. ~esidC"s, l'l'Si~tance to 

sealing of low-allow steels can be increased al the exspense of 

a~plying thin-layer ceramic protective coating. 

The lower is Lhe maximal pressurP level in the internnl 

cirruit, the lower are stresses occuring in most c1·itical parts 1..lf 

the heating circut. In this case the engine litre power goes down 

0ind ob"·iously a trad€'- off ghuud be search for. 

Tlw point of tht• ,.-urking medium selection is rather c-ompll"'~~. 

If thPre is a problem on C.esi~ning a Stirlin'! e11:5!ne with hig~h 

~:t•C'cific indices for mass a11d o\·t>ral dimf>nsions tht?n selection of 

Such effective parameters as engine's poh·er and econor.:icnl 

opC'ration are completely difined by structural perfection of a 

h.-:·at input system. Th"-' most c:ompl<"x item here is the necessity of 

c:orn·ct combination .::f gtruct•.1ral dirnl'nsions ar~.J the shape of the 

comLustion c:hRmh0r ~ith the engine's heat~r. 



2. CALCULATION OF THE THERMODINAMIC CYCLE AND 

INTERNAL CIRCUIT HEAT EXCHANGERS 

The indicated calculations are carried out to Jc-ter111i11(' geo­

metric dimensions of working chambers (hot and cold chambers!, 

heat exchangers (heater, regenerator, cooler) in the internal 

circuit as well as the t'ngune driving me<.:hanism pro\·iding the 

given power and economical operation for the chosen cyclicity, 

sort of gas and levels of maximal temperature and pressure. Calcu­

lating has been of program "3tir2» and "Tepl2". 

The results of \he cond11ctc-rl study of the thermodynamic cycle 

and heat exchangers in the internal circuit are given in tables 1, 

2, 3, ~ and on diagrams in Figs.2-10. 

B1-1sPd on LhosC' in\·<'sl i~al iC111s d<'si~n dim<'flsi,1ns nnd shapl' of 

• hl' C) J inder - pist.1.;n •init ns \>l·l) :1~ of t hc- <>ngi111.• heat cxch;u,­

ge1s ~ere chosen. 

-\ll Lhe dPsign documt'nlntion on lhe engine hns been developed 

and l';,~s<.:d to lln' l·1p-:l u111··:· in ;11·conb111cr.• with tlw SE 6000 project. 



Lil• It' I 
l\ITL\l. U:\TA 

Hot chamber temp~rature 
---, l 92:.1. 0 1 h. I 

I t.."old chamber temper;-1ture 
~~~~~~--~~~~-~-+-~~--4~~~ 
! lie'-!u ired (hJft"er 

I 
363.0 I K 

l . 0 I k\\ 

Rotation frequency 3000.0 I mi II I 

~Hximal pressure I. 2 ~!Pa 

Ratio of maximal volumes l. 0 

Factor of rod influe11ce 0. 9ti 

Relative clearance ~olume 2.20 
I 
I 

Heater relative volume 0. -l 0 

0 .. ;o I 
I 

0.20 1 I 
i 

Cooler relative volume 

o~gree of re~eneration 0.97 

5.0 kJ/kg/K 

LO kJ/kg/1\1 

-l.157 I 1,.l/k~/K 

0.95 

0. 9;1 

~ _ 1 sot hermal ded o t ; ou 

: ~.:.' i..,·r·mal dt~\·j;.,! Ltll1 111 

in comp1·('ssion 

0. 0 I tl 

o.o:rn 
. 
i H•.·:.;:•.'l1•.'!·;1tor c>nc>r·~:i• r-fficivn.-\· 
L ·- ··-------··----·---.. -------·-·-----·---.._ __ 

0. () !() 

0. 1 ~"' 
- -

"!(•t·har• i cal ;"\ r r i (' i "'nc y 70.0 i ,. I i " 

I I [I~-" t of comh11st.io11 ·l -HiOO. 0 I kJ /k~ 
- -
L 

·:·11•.' !·:u~:d i 11nm i c ll f I ) t !1\llllht:' l' l . 0 

Sc-[k ratio 0. 2 (j 

Re - l{f' ratio 1. 0 

C"hn r·g i 11~ temperat11re JOO. 0 j\ 
,.._ 

Cor1duc t. i \'P. t [';lf)S fl' l' f rRC l j Ull () . 0 J 
-

(';:dculatio11 step ~o.o d<·~ 



Tald t~ 2 
CALCULATED PARAMETERS 

Tempera lure ratio 0.]~J { 

-\n~ le b1:'la iO.O de~ 

Phase angle phi 126.61 dt.'g 

Ratio of maximal volumes 1 . l 2 5 

Phase angle psi 70.0 deg 

Phase angle thetei 107 .15 deg 

Compression ratio 1. 5 71 

Pressur·e ratio 0.333 

Regenerator hot end temperature 60-l.77 I\ 

Regenerator cold end tempera lure 596.09 I\ 

Regenerator mean temperature 600. 13 
,. 
I'. 

Heater temperature factor 0.393 

t•ooler tempera tu r·P factoc 1. 0 

Ht.'~ene ra tor temperature factor 0.605 

s 1. 318 

Relali\'e heat of und<'rre~ent>reltion 0.028 

I HE>~e11erator re> 1 at i \·e l Ocld 0. ~lOi 

Qc-\'h ratio 0. -l 5 5 I 
~lean indicated pressure 0. l 79 ~!Pa 

[ndic:at.ed t~ ff i Prw y J I . J ~J % 

Mean effective pressure 0.12:1 ~!Pa 

Effective ef fiency 21. 97 % 

F.ffecti\'e fuel rate 0.37 kg/kW/h 

\\o rk i ng \'olume 159. 6-1 Sm**3 

!lot cylinder diameter '.L21 ~.m 

Cold cylinder diameter 9. 21 sm 

I\<' 1. 197 sm 

He 1 . 19 i sm 
-

\' l 1 59. 5-1 sm**J 

I I I 11 I II I 111 11 11 
. 

' ' 



Table 3 

lienter maximal ht>;l t poh·e r 585G.9 \\ 

Cooler maximal heat po\'E:'r 229-t.3 "" 

Table 4 

' ,,.ORI\ PFR CYCLE: 

\\ORK OF E.\:PA~D 68.920 

POSITIVE \\ORK OF EXPA'.'\D 172.457 

'.\:H~\'I T\"F \\lH~I\ <iF l· \P \. \l> - ! 0 :; . :-: ~'I 
-

' 
~ \-"l1hl\ OF <"O~IPRESS -'.:'. 2. 9 i i 

POSITIVE \\ORK Or CO~IPHESS 132.698 

'.\F.G,\T TVE WORK OF CO~!PRFSS -155.609 

\\ORI\ PF.R CYCLE Hi. 008 

POSITIVE WORK PER CYCLE 153.445 

NEGATIVE WORK PER CYCLE -107.437 
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1'1.g. 8 Amount of heat 
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3. DRIVING MECHANISM 

3.1. Selection of driving mechanism 

Cam mechanism which hasn't been applied l'<U-l<'r i::-: s('le.:·tc·c.! 

for the engine to be desi~ned. This mechu;a.t:sa1 c·omprisses a 

cylindric rotor with a closed sinusoidal recess of rectangual 

'-''··cl :on mndc- on it~ L1t<"r·:\l surL1ct.'. T"'·o 1.1tti1·s of rollt?rs whose 

n:-..e::s are ri~idly curm~cted hith the ~orking piston and piston­

displacer are moving in the recess. 

In comparison with conventional 

Slirliug engines th(' given mc>chunism 

aJvantages: 

mechanisms utilized in 

has a number of obvious 

Owing to the fnct that the rotor rotation axis of the cam 

and the consumer shaft axis coincid<' with the cylinder 

axis, it's possible to build up a col!lpact plant occupying a 

minimal area; 

RE>latively small numb<•r· of parts makc-~ thc> design simple 

and ratl1Pr cltt."'ap in m:tnufact.ure; 

The mE>chanism operation doesn't impose st.rin:;e>11l 

requirements for accuracy of the sinusoidal recess fnbrica­

tion; 

A f t e r c a r r y i n g o u t n d d i l i o n n. l i n \ c· s l i i; " t i o n s on d c t e rm i n i n g 

optimal lnw of pistons motion to a ~r~nt ~·.tent approxima­

ting the idenl one this can be easily realized in the pro­

posc>d mechanism by making a recess diff0ring in shape from 

a sinu~oid; 

- This mechanism construction allows with rensonnblP. facility 

to realize one of the most economic mc.>thods of po"er 

control in t.hP St irl iriq <:'ngine by vnryin'.( a phase anglc> 

bet.\.;f>e11the 1-urking piston nnrl tlw piston-displacer at the 

~ost. of moving th<• casing recess receivin~ tht> piston-dis­

placer reactive woment; 



In lhP cam l•!·i"·in~ mt~cha111srn its c·utor cart as a fiy1o;ht>..:·J 

fr)r pn~sing dead centres and this also fa\·our·s ~ii·.' n'dtt•.:­

tion of mass and overall dimensions of the ~)!ant ns a 

whole. 

Calculating of kync>matics and dynamics of cam drive mecha­

nism has been in program "Stt" (see Fig. 11-16). 
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Fig. 11 Force diagram of drive loading 



-1000 

- 1500 ol~~~~~9~0~~----.,~1~8-0~~~-2~7-0~~~--'360 

!COO 

500 

Shaft rotation angle, deg 

Fig. 13 Inertial foi-·ce 
-----------------------------

00000 Fje 

~AA""" Fjn 
I 

I 
I 
I 
I 

0 ----- L-----

90 180 360 
' ' ' 

"" ,, Shaft, rota ti on', ,an 



~ 

qi" 
0 
s... 
~ 
...... 
~ 

-+..,) 

~ 

Fig. 14 Total forces 
3000 r ------1 ~ -F~ - 1 - - - - - - -; - - - - - - -

I I I 

2500 ~ ~ ~ ~ r~ -!... - - - , I I ,-------

2000 

1500 

1000 

500 

2500 

I -----,--
1 

I 

- r-------;----

90 180 270 360 
Shaft rotation angle, deg 

Fig. 15 Tangen ti al forces 
100000 Ts 1 

I I 1 ~"""A Tn 1 
I 

I 
I 

>-: 2000 - - - -
..... 

I 00000 'fs + 'Jh _J ___________ _ ..J ______ _ 

qi" 
0 
s... 
~ 1500 - - -

...... 
~ .... ...._, 

r:=: 1000 - - -
<U 

~ 
~ 

500 - -

-------L---

I 

__ ..J ------L--- - - ...I 

'-500--~------._ ______ ~-----------'--------~ 
' 0 90 180 '270 360 
' ' ' 

, Shatt, 



~ 

cU 
0 
L., 

~ 
...... 
ca 

E 
~ 

3000 

2500 

2000 

1500 -

1000 -

500 -

Fig. 16 Normal forces 
1 00000 Ne 1 
I I 
,~Nn1 

I 
I 

-------,---
• 

------i---
1 
I 

-----L-

-----,--
I 

I --------i 
I 

------· 
I 
I 

-----' 

-1000 - - - - - - -; - - - t- - - - - - - -; - - -

-150001~ ~----~90.__ ______ 1~!-0-------2~10 _______ 3_.ao 

Shaft rotation angle, deg 

Fig. 17 Torque 
100,------:-------:------:-------: 

I 

I 

75 - - - -
..J _______ L ___ _ 

I 

I 
I I 

I 
I 

I I 

-------L--- -------' 

I I 

------L-- ------· 
I 

I I 
____ _J _____ _ ____ J _____ _ 

-2s~---------'----------------------~----------' 
0 90 180 360 



4. HEAT TRANSFER PROCESSES 

In the stationary mode of the combustion chamber operation 

ltt>at fltP:es to flame tube walls from the inside- are equal to heat 

fl:i'.PS from the tul11· to the outside (due to smnll thickness of thc> 

flame tube wall longitudinal conductivt"' ht·~\t flux ca11 li1..' !I•'~! • .,.,._ 

tedl. In lin~ with this an equilibrium tempernture is being estab-

1 ishc-d nt nny point of t.he flame tube wnll. Phisic-al model of thr 

dt-su·ibrd hf'at exchange process is given in_ Fig.17. 

lnder stationary conditions heat flux from th~ inside of the 

combustion chamber to any elementary segmeht of area l>.F of the 
\11 

name:· tube wnll should b~· lwlanced out by lwal flux lo the oulsidl' 

of the ~am<-' elemPnt, 1 .e.: 

I 

For thin '-"<'lls of U10 flam'' tul>e the 1011git:.1dinal conductive 

!1i·~I! flw.; I\ is ne:.;l i~ihll' 1n _·nmpciriso11 i..·ith other heal fluxc:>£, 

th1.·rcfor<' in this ca:.->l' \"-~ sPl K=O. BesiJes for the ~~am0 casp it 

may bf' considered that l>.Fw 1~ 6Fw
2

• Then E•J· ( l J L.1kt>s a simpler 

fu rm: 

2 

\.here K
1

_
2 

- specific conductive heat flux across the flame tub(> 

wall being definc:>d by temperat 1.1re gradient t across 
w 

l!w wall thicli.nC'~is: 

( 3 ) 

- therm;:! v:iriJucLivity of I.ht• \•all; 

- flame tuu<' inne>r· i..:a 1 l t.e>mpt·rat.111·0; 

- fL1111<' t.ubC' outer wa! l tc-mperat~1n-. 



Fig. 18 Physical model of heat transfer 
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RADIATION OF GASES 

Resultant specific radiant flux is determineci b:o· the formula: 

R = a(c T
4 

- a T
4 

) 
1 r r r W1 

whPre: o= 5,67 x 10-
8 

W/(m
2

K
4

) - Slefnn-Bollzmunn .. :onstnnl; 

f and a - gas rad~ating power and absorbing capacity, 
r r 

respectively. 

An approximating dependence has been found for u over a wide 
r 

rarq~e of temperature changes: 

u It. = I T /T J 
1 

'
5 

1· r r 11 l 
5 

Average temperature of combustion products T is calculated 
r 

ffit•<trlS 0 f add in•; gas temp<'raturf' incrf'm<"'nt dul' to fuel cmbus-

t ion lo tht? c:ombust ion chamtwr iulc-t 

Tr= Tex + 6Tc 

lc:-mperalure T 
t.x 

( 6 ) 

For small values of c Eq. ( 6) reduces to a more convenient 
I" 

11ricl accurate formula: 

c = 290P (><l lo,s T-t,s 
r b r 

( 7 ) 

h·hprc: P - pressure, kPa; 

T - temperature, K; 
r 

lb - beam path length, m. 

wh<>rl' lt. with a satisfactor·y acL·uracy for practical problems can 

lw c:-tlc11lated from th~ fur11111la: 

1 = 3, ·I VI A 
b 

( 8 ) 

wlwr<- V and A - volume and s11rfC1ce of gas containing chamber, res­

pr·ctively. 



RADIATION OF WALLS 

Radiant heat flux R
2 

from the flame tube wall to be heater 

wall can be c~lculated on the following assumption: both "alls 

are grey, even emissivity factors f and .. 
tPmperatures T., 2 and Tcr· 

whvre: F,,, - surfact" arc·<.\ of~\ fl<Lme tube element; 

f 
CT 

( 9 ) 

and 

FCT - surface nrea of a heater shell element; 

Awcr - angular coefficient between the flame tuLc a11d thv 

heater sh£-ll. 

Therefore it's poss i bl l:' to consider T er to be an al lowablc 

temperAll1re for a wall mnterial of the h~ater shell and to set the 

angular coefficient equal to 1. 

Tn this case expression (9) is brought to the form: 

£ f W CT 4 4 
R = t: + ( I ) F / F (J ( T w 2 - Tc T l 

2 CT t:W -fCT W2 CT 

10 ) 

.. \(.:c11rnte values or emissivity factors for different materials 

c:a11 ht· found in corrt•spondin~ li>HHtbooks. The estimation of R f'JJ' 7. 

tubular· t~·pe combustion chambers and for a housit1!5 of sLlinl1•:;~ 

cterl can be broadly carried out by the formula: 

11 



CONVECTIVE HEAT TRANSFER TO THE FLAME TUBE 

ThP calculation of intc-rnal con,·ective hea\ t1·:1nsf~·r from ga=-­

to trw flame Lube wall is Lh0 Leust exact. 

I\ 
C = 0,02 _r ( 

1 
0

t1,7.l 

:t:T 

where: 

K 
r 

l 12 l 

- flame tube hydraulic diametr; 

- flame tube cross section area and 

perimeter, respectively; 

- gas ther~al conductivity. 



• 

CONVECTIVE HEAT TRANSFER FROM THE FLAME TUBE TO 

THE HEATER SHELL ~ALL 

\u!:'selt number for turbulent flo" in an an11lll:1t· passa~? "ht':1 

q,=4
2 

is calculated by the formula: 

13 

Where: 
q

1
, q

2 
- specific heat fluxes on inner and outer tubes; 

Local ~usselt number for turbulent flow in plain circular tubes is 

calculated by the formula: 

'.llu. = 
ll 

l;/8 Re Pr 

,,....---, 

K + ·I, 5/ ~ 
V3 

(Pr - 1 l 

-.: c 
l x 

where: K=l + 900/Re; I;= (1,82 lgRe - 1,64)-?; 

UI 

C - correct ion f<:lo:::tor for nonisothermal character of tlw 
t 

flo"; for ~as!'s in h1..aling: 
- m 

Ct= (TCT/ Tz) m = -(0,3 lg(TCT/ T~I+ 0,36 

in cooling Ct= _1,0 • 

TCT' TX - surface temperature of the tub1..~ \.'al 1 and avera~e 

mass flo" temperature (heat content aver;:.·;e); 

C correction fRc-to1· for a tlwrmal stabilization initial 

sect.ion of hydrodynamically steady liquid flo"; 

0 25 [ 3600 ] Cx= 1 + 0,48(d/xl' 1 +--~~-- exp(-0,17x/dr) ,( 15 I 

Rel (x/d 
r 

x - distance from the tube inlet. 

Formulae (14) and (15) are applicable over the range: 

R 1 OJ -e=-lll -;:ix Pr= 0,7 - 1,0; :-;/d ~ 0,6. 
r 

For the range of quantity changes Pr ::.. 0, 7; 
") 

R €' = 3 • 1 i) -

- ;) lC 
4 

10 and x/d >2 
r 

n simplier rel.at ionship for de t C' rm in in g c· 

is appropriate: 

lC 



C = 1 + (0,8 + 5,6 x 10
4
Re- 3

'
2

) d /x ± 5% 
x r ( 16 ) 

Convective heat flux from the flame tube to the heater shell 

wall is determined from the> formula 

C = a (T Tl 2 W2- ( 1 i ) 

where: Tw2 - temperature of the flame tube outside surface; 

T - avera~e mass (heat content average) flow temperature 

at the annular passage inlet; 

a - average heat transfer coefficient per length x, 

W/(m
2 

°C). 



Fig. 19 Experimental P-V diAgram 

of Stirling Engine 
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FINAL 

~anufacturing accordir.g calculating and projecth·e 

<•:instru.:tion documl'nlatiori Stirlin~ ~ngine (proj<"ct SE6000) show 

his \")rk (see Fi:.;.i8 ~oi-1~ P-\' dia15rnm t.~ngiue). For hn,·ing mor·(• 

hi~th data in power a11J t.'fficiency we need on fnr \>0r!: from 

sepa-rating elements and mechanisms engine. 


