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1. Imiraduction

I applications ws an expansion motor for steani-type working fluids, the serew machine = maindy wsed for decentralised
cmergy sysiems in the low o mediom porformance range. In applications of thas Kind, the high efficiency and good
perfommssnce under par-load conditions over & wide load-runge are responsible for the energetic sdvantages ol the screw MoK
comparsd with alternative types of machine. The functionsl charscteristics of the serew matos albow the ex panston of steam in
all its variens forms, from super-beated steam to saturaned steam (1], This opens up eperatng arcas for the sciew moetor which
are beyond the scope of mwrbines

In this anmicle. a geometrie steam-powersd serew motor design for a specifie spplication will be desertbed psing a chimber
mwxclel, @il the results relating o geometnical nfluences an owtor behaviowr wall be discussed, The design of a screw muchine
oy be deployved as a scam eapander differs froan the development of 4 comipressor from bath the energy poind aspect and the
consiriction  primciples. The sysliematic varmation of the geometne purameiers of the intermul volumetne mbios, the
fengih-diameter ratio and the wrap angles. combined with on examination of the effiecis on machine performance, provide basic
pilesrimalion abotit the mechanmsms which lead w kes aff l:fﬁn:il:nl:_'. in the machine, These keses cun mainky be fruad dowmn o
chioke effects and gap losses durmg the Hlilng process. Finally, the influence of pammeter varation on the perdformance of the
steam-powersd screw mustor will be demonstraded by showing the extent to which efficiency rating and intemal performance
depend on the geometrical maching parimeters,

2. Serew Metor design
Wiarking b iple

In general, serew mochises belong to the displacement machine group. and, within this group, to the doablbe-shafied mary
cylumler oype with intermal compression |21 1 there 15 an extemal encrgy Inpul in onder (o incrcase the energy content of the
".l.l.u:‘lin.g mediom, ame refers tooa serew conpressor, [n the opposie caee, the -.:l:llllpn:-.'e.:d vl heated NMuid upp’lin:::i [ree b the
roaor Manks of the machine, and, acconfing b vhe definithon, we are dealing with o screw moer (Fig. 1),

The |1p-::|-.|:in;z ]'.lrinl;ipl.: of the screw mobor 15 based on the
scmew-shaped., spiral imermeshing rofors, which otote in
appnsite directions inshde a close-fittkng housang, The weoth gaps
of the rotors, in comblaation with the oosimg. formm the working
chambers, When e roors o a displacement machine e,
twpical ovelizal changes in the volums of the working chambsers
take ploce. Seveml operating cyveles ke ploce sequentially,
during which the working chambers on the high pressane sihe
are comtimaally colarged donng the charging phase, while thisc
on the bow pressune side redwee In size as they are emptied, ¥ia
apertures in the howsing, commections beitween the working
chambers andl the inlet and outbet pons ane cresied, sccording 1o
the rotalion angle of the rolors. The chambers are normally
enclosed except for the mtor clearances. The fms of these
aperiunes, those whach close ofl ihe charging phase amd open for
the ihacharge phase, are referred o os coningl edees. The
mdalem angle posations o the comirel edpes determime  the
mlemal vodume changes im the working chambers,

W i t

F 1: Sectional representation of o screw-type mator

I diisplecement machines, there i alvays an impesont functional seporation of moving and sttiosary pares, The relative
movemsent between the motors amd the infemal surfnces of the howsing inevitaldy resolts in gaps. which prevent mechamical
friction betwesn the robers, pnd also between the rotors and the hiusing. There are vomous ways in which the gops influcice the
uperutional efficieney and sscurity of the machine, They are respomable for comnections between the madividual working arcas.
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andd betwesn the woding chambers on the low and high pressuse sides of the machine respectively. The rowor geometry
determines the length and form of the gaps [3].

Viefume covnce aid inler itrea

The volume curve reprosenils the volumetne progression of the working chamber depending on the rouion angle of the male
rodor, I the zeme position of the male rolor the volume of the working chamber ncer examination is alse pens (Figdh The
valume carve characteristically shows a comtinuosis slope up to the paint where full profile intermeshing hax taken place,
fdlowed by & linear progression, and a diminishing rise up o the point where maximam chamber volume is reachesl.

The inler areq, which depemids on the rotation angle. §s the
criss-section arca which is available for the working fuid
flow ibrough during the charging phase. This area (s formed by
the apemures ki e hoasing and the rotor teeth, which cirowlae
past these gaps, covering and oneovering pans of them. The
inlet area can be represented as o funciion of the mule rolos
rotation anghe, anabsgois o the volome curve,  Depencding on
ihe pmﬁ'l:, the development of the mlet area I'mql:lr.rll]y hegins
al i rotation angle differing from the fero position of the male
roviow, The renson For Phis s i bosedl gajp arca apening at the Irumnt
face, which runs ahend of the actual working chamber, and is
connected o the low pressure side [2], The inlet aren
progression encks with amval ot the control edges, af the

rstional anghe which indicates the theoretical stan of  Fig. 23 Inket area and volume curve as a function of the male
EXpansion mtor rodation angle on a Bepical Geam-powered screw
FeEar

Warking cvefe of o serew motor
In principle, a working cycle includes all processes i the working anea, beginning ot o particular thermodynamic state and
ending &t the next oocumence of the sume stale. The working cycle of a screw motor comsasts of three charactenisic phases:
charging of the working chumber, expansion phase. and discharge of the working fluid.

Dwring the charging phase, the pon on the high pressure side 15
charged with the working fluid at high temperitore amd pressurne,
s that the medium flows inte the teoth gap behind it through the
inbet wrea. As the rotor continees (© tum. the chamber volume
g, The charging phise ends when the working clamber no
lomger hos any conpection with the inled aperture on the high
presaure side {Fig, 31, As the arca of the inlet port is sminll af the
bepinning of the evele. resulting in o high choking effect,
masbmum clhamber pressane 5 aol achieved immedsavely, b is
resichedl as the resor moves on. Thic difference durng  the
charging phase hetwesn the initial pressame amd the masimam
pressure in the chamber is charcieristic for the charging phase.
This difference is the result of pressore loss cansed by choking

as the fluid flows i, and gap osses from the working chambes - z

A fumher aspect of the real-life charaing process &s  that o iu:g:mﬁ:ﬁm POFEREE  depeaking o
capunsion begins before the controd edge on the high pressure
side has boen reached, The pressure gradient at the end of the
charging process is already compnrable with that during the firsi
cxpansion phase beginning at, when the control edpes have been reached, The reason for the early start of expanséon is
cxseninlly a combination of continuously rising chamber volume conbined with reducing aren st the inbet pom. The point at
which cxpansion gomally stars is inherent in the system, and also occurs in an kdeal scenarie wherne choke effects and pap

losses ane pzmoned,

® real wnd
= jsenropic cxpansion phases

Ar the st of the expansion phase, the operating behuviour of te sorew moter is midnly inffuenced by gap flows, In order w
s e effect of gap flows on e energy conversion rating of the moor, a distinetbon has o be made between loss flows out
e the working chamber uider exambration and Mows into the chamber through other sap imerconnections, Compared witli
senirope espansacn, the actual pressure progresson durng inddal expansion mses owee sleeply o the theomeneal
representalion, The peason for this s teat the fluid losses from the chansber are proportionally ligher than the gains. As motation
comtbnues, real and isentropic chamber pressuires converge. unttl, bv the second phase of expansion, pressues durng the meal
process exceed those for the seatropic expansbon process. The mone gradoal pressure progression during the real process §s o
conaequence of flows inae the working chamber from those followaing it Thiv fuid does ot Row disectly fnn the low-presaiong
side of the mator, bur helps o some extent to fill the expanding chamber wnder considertion, applying power o the rotor
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flanks. The expansion phase ends when maximam chamber volume bns been achieved, As a rule, m this poant m the cvcle the
beading tooth Manks pass across the control edges an the low pressure side, and pressure equalisation takes place (represented
isnchonically in Fig. 35,

The discharge progress is represented in the following in idealised form by means of isecharic pressure equalisation between
the chamber pressane and the low pressure machine pressune as the bow pressare side control edges nre possed, In the following
deseription of the effects of varving final expeoesin pressares. a maodel will be used which utilises an isobaric charge. followed
by isentropic expansion restrictad by comstant Muid mass in the working chamber (Fig. 41

# ' If there &= no difference between the chamber pressure of the
I' ; | [ cndd of the cxpansion phase and the ambicnt machine pressure

o the low paessare side, this is known as “aligned opemtion”.
When the selected inner wolume mtion is (oo high see v, = 5, the
chamber pressure falis below the kow pressure side ambiznl
pressure during the expansion phase. The “over-expanided” Taid
mass will be mochomcally compressed Gin rdealised Formg by
working  (Tuid Mowing back through the low-pressume pon
hefore it can be expelled. As soon bs the chamber pressure falls
Below the ambient machine pressurne of the low pressure shide.
the effective work performad by the fuid during the éxpansion
phaze ks more than coamlerbalanced by the addinional work
reguiired to expel i Diring this phose, the steam-powercd screw
motor functions as a compressor. On the other hand, i1 the
sebected intermal pressire ration is oo kew, chamber pressure al
the end of ihe expansion phase 1% higher thin ambient muachine
pressime on the low-pressure sdde. resulitng 0 cominming
sochone expansion (in wdeakised form ) of the working Nuid as it passes the control edges on the low pressure side. Part of the
theoretically available energy in the fludd thus remains unused because of the too-short expansion phase.

rﬁg.d: Infhegpee of the intermal volume matio v, on the
working area W, omder constanl  machine
conditions,

X Theoretical foundathes

Liv orcler to assess tee cpergy conversn rating of screw motors with varying geometncal porameters, operating valoes amd
boundary condhtions must be laid down, within which the differenr motor variations are comparable. Although the functioning
of a screw molor is more of less lke that of a screw compressor working the other way rowd, bath the dofinition of the
boumbary comditbens and the physical deserption of the processes in the working areas are more complex than in the case of
sedew compressors. In the following. operating values will be defined and applied. which allow bath on assesement of varving
moor peometries and the emergetic exomination of differing motor vamants,

Creomeereioal aperiring valives

In the next scction the operating voloes for the gup situation and the configuration of the inlet arca will be defined, so thet an
assessmeni of these elements can be guantificd, In cmirast o the throughpot mtio aml charging mtio, both scis of operating
vihes refer here b the geomeinical charactersstics of the screw mobor. and are mdependent of any energethe examination of the
working cycle,

The gap value sets the Auid mass my g in relation to the theoretical Muid mass My, at the stan of the expansion phise at high
pressune comerol edae:

;1_==E!ﬂ Eg. 1
I'|I|-.:_'.l

The fwid mass m gy is the mass which, in the rolation angke ares for charging between oL, and .., Mows out of the wisrking
chamber through the time-dependent gap area of the chamber to be charged A, () Por the gap flow, a supereriticnl
hnmprﬂwiqm at the upﬂq.d of somind m the aommowest cross-section 1s assumed:

T 2 K, =] Fl

'[ A b de [r_,ﬁ] g

[l =—= (Eay. 2p
d Ve " Pe

The computation is based on the model of & stationary and Bentropic gap Now through the nerrowes! eross-section, with
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pegligihle flow speed before eatrance. According to the assumption of a blocked flow which hos been adopied in this case, the

benkage valoe is 4 function of the bital parametens (emperaiure and pressuned and the time factor (opom.), and o function of
the gap aren, which depends in its turn on geometry and tinee.

Small gap valoes are responsible for a favoumble gap sineation and small gap flows during the chanping proccss, Leakages
through michine gaps during the compression phase do contribate to o ks of Muid mass, b the chaomber is “lopped op” By an
pnflow from the fellowing chambers Tn a kind of recovery process, Restricting the examination to the mtation angle area of the
charging process can thenefore be justified by the exclusively dissipstive character of the gap flows during this phase of the
cyvehe,

The indet arca value sets the mean fictitions inward flow speed €, in relation o the speed of sound o =1ip, T,k

[ﬂ-‘ﬁ.{'l
n_-J-ﬂ-ﬂ-A“—h] (Eq. 3)

The Actitious inward Mow speed & already employed by Huster [3] s caleulaced from the time-step related quotients arising
from changes 10 the chamber volunse AW, () and inbet area A, 0tk The inlet area value depends only on the peametry and the
inflow parumeters. annlogoas o the gap value. 1t would be wonh developing a motor with @ larger inlet arca value, as this
woiled result i a bnger chasging phase and a larger inlet nrea,

Mferiellivig evnd conpdiersion

The varation caleulations were carried out in two Independent steps: geometrical abstraction and energetic examination. The
bagis for geometrical abstaction of the seew motor 85 e anslyrbeal westment of the sstor gear teeth (5] The aam of this
caleulation 15w determine the volume curve. the dimensions of the et amd owlet areas. and the gap arcas a5 a function of the
male rotor angle at o specified geometrical pammeter (Fye. free $ae. LT sl vik The resalis of the geometrical nbstraction
firm the hasis for the enerpetic exominasion of the operasionnl behasviowr of the moton

The computation program for on energete machine amklysis s gencrally based on mass and encrey conservation. Basically, by
means of a alancing process, chamges in the condstion of the working Moid (=icam) are established numencally, so tha the
operaiing behaviowr of the maching can be represenied. Varinthens in the form of volume chanpes depending on mdstion angle
clisnges and gap Mows in and out of the working chamber are taken o aecount. The computational basis for the progression
the condithon of the working Mudd represents, in view of the flow speed. a 2efo-dimensional clamber model, which makes i1
possible by principle 1o similae screw motors. with random geonwincal parametens.

4. Investigation of the inflvence of gevmeiric parameters on the operating performance of Screw Molors
Ehvereantig eond Derelary eomaliniomy

The invesiigation of the operating behaviour of screw motors by the use of thermodynomide simulation is the hosis dor the
subseguent experimental research of the machine, Inonder to camy out a geometrical comparison of different machines, i is first
necessary o fay down the boundary conditions under which the machines are comparabde. In the present case, the parameter
combination of inflow pressure p., inflow temperstare 0, amd theoreticallv transporable mass fow my, was laid down lor the
exierpal bnndury conditions of the serew motor. Although vanation options are possible over a broad. technically feasible arei.
seitiig the initial conditions woas not dane on o madom basis, bat bosed on installstion condithisns like those which can be found
im imdustriol applications with small mass flows,

*  working medinm: water sieam

»  inflow pressure po= 710" Pa

= inllow remperamare 6, = 150050

#®  theoretical mass Mow my, =01 kgs ¥

The theoretical mass Bow is used instead of the amblent machine mass flow as o referenos volee, becanse it depends only on the
known machine peometry amd the rotor speed, bot not on the meslor eperating vallues, The theoretical mass flow is caleulated as

the produsct of the chamber yolume at the start of expansion Y ., and the density p; a5 a function of the valoes at the entry port.
the bl cominl Zygp @il the rotor revolileons g

; Wi
iy = Vg m Pe - Tm =T'pr'l.'|ﬂ My

iEx. 45 !
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[nitially, the working range of the sere'w mobor is lmited. sccording to the Clausins-Rankine-Cyvebe, entinely b the superheated
area in the parameter combination dealr with bere, The enry parameters o not allow any transfer phuses cavsed by entering the
sufurafed seam range o occur diendg the ey pansion phase, even under Bsentropic process manggemsnt,

Adong with constant machine pammeiers, additional border condimions for the sorew motor are defined. These conditions are sef
by the speed of the mgor orown circle and the mean gap clearance, For vanahons in the rotor geometry. the male roior
cincumference speed is defined a5 gy = 100 m="', This value has a major influence on the mergy converaon rating of the
machine, and corresponds to 30 000 rpom with & male resor diameter of 65 mm. All gap beights are trepted s constant ¢ h, =02
mim. This assuniption is jussifbed by the fuce that gap heights do ot vary significantly in diferent-sized machines. Geometrical
varalais ik a resulr of thermal interacion between the working fuid and the housing or the rotors respectively gre not tken indo
pccoumid. and eould |1|:|.1'|."irJ.|:' P-nh:n!i:l for lerher smidies.

Vorfarrion ool cielarfons

The configuration of geometrical parameters for senew motors presented below incorporites variations in intemal volumetris
relathons, wrap angle and length-dinmeter relations. As g suning pednt for the varizaion galenlitions o combination of four muke
robor tewth (fyp = 4 and six female ntor weeth (2 = 60 was selected. which represemts a compromise befween small iniegral
cleasances mnd & sulficiently lorpe rotation angle range for charging the chamber,

Virrrarfewty in ohe inrewnen! venlimne ranio

The intemal volume ratlo does nod depend on the robor pevmetry, and = desermined vin the sittiing of the control cdpes in the
miotd housing, According to the definition, the internal volume relutionship of a-screw motor results from the relationship
between chamber volume at the end of the expansion phase V.., and the chamber volume at the theoretical sian of expansion

""Ill..n:

W = Yow iEy. 5)

When p screw machine is deployed as a molor, yanaton in the
infernal volume relatienship occurs when the high pressune suhe
contml esdges are sl With constant geomeincel  mobor
parameters, incrensing the intermal volume mtio means thai the
contrel edges have fo be moved towards smaller rotor angles.
which leads wi s weh 10 & redacthon of the chamber volinme @
the start of expansson (Flg, 81, As the pre-roguisites for varving
the imomo] volome ae constad theoretical mass fow in
combination with cons@and male mtor cireumfercnce sposd,
these roguirements are significant restrictions on the size of the
machine, |n order v falfil the relevam border combBitions. which
consist of the machine parnmeiers, the circumference speed and

[ b1 . . L) o= 1]

the menn gap height, peometrically similor machines — even Fatafion magie | ———
down to the hy = 0.2 mm gaps - 1_.rith rd-:min_u] geomerrical Fig. 5 Volome curve for o sseam-powersd screw mastor
parameters, were used for the encrgetic compuiation. with varving internal volome relationships

The chamber pressure ax 3 function of the chamber yofinee is '
reprosenied in Fige & fw seam-powered screw modors with
warving intemal volome relationships. The wrup angle and the
length-diameter relationship. alng with the theoretical mass
flovw have been kept comstanl. The graph shows pressune
progression dudng the chargang phase, and expansion, sithear
tking the low pressure side charge wansfer o accomn.

e T BTN TR ] N
j_.u....u =48] = 1325"
Ui i B REDLE

penanmre |10 Py i

Lk 'r=r
For small iniemal wolume ratios the chamber pressure i
progrossion during the charging process shows only o minos —
pressure difference betwean e eatry pressure and the chambes " o y _
pressure. However, this posiave effect on the working arcs as ' Er A 3G Era e FE0td
to be ol agains the high expansion pressare and the resultam L T e

anmsed cxergy, O the other haml, with large inlemal solume -
relutionships, charge transfor work leads, os a resulr of FlE6: Chamber pressure  progression  dependent  on

‘over-expansion’, o 4 redection in interngd work, These chamber volume for varying imernal  volime
tendencics persist if the infernal volume relationship ks varied in relationships v, [
combination with different wrip angles of length-dlamerer Zun =4, Zm=06, Puu=3", LM=14)
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relationships respectively,

In oiler e assess the geometrical effects of varviag the fnacmal volumse reladonships. it was decided ol 1o corry our on
exiwmination of mlet area and gap values, Although these two operating valocs permnl guanttalive siztements (o be mede
comcerming he configuration of the gap charmcienstics and the et geometry dunng the charging phuse. it woukd seem that, in
connection widh varation in ingmal voleme relations, final expansion pressiree i9 1he really vitgl eierbon.  This bs essenrially
g direct resull of the intermal volime mlio, amd 1= anly [mﬁphcm]lf- affecied |:'|_-.| dixsiimliwﬂ ProciEeses durm]; the L'I:Ll.rgmg ph.lm.

Crwomerrical examingrion of wanem g wrap angles

In ordier to exmmine the influence of the wrap png'l:d. o
performance, different pairs of rotors are varied in souch o way thai
only the wrap anghes are changed. The lengih-diameter ratio, the
intemal volume ratio and the theoreticn] mass Nows of all moer
pairs remain coostand. Fig. T shows rodor pairs with difierent wmap
angles, but with all otver geometrical values anchanged.

Fig 7: Rotor pairs with varying wrap angles @y
Warving the wiap angle affects both the gap stmatien and tee geoawetry of the inlet area. ln order 1o achieve & quontifiable
description of the geometrical effects, an inber area valoe T1, and a gap value [ were selected. In Flg. 8 the dependbence

ol both valuwes on the moale mator wrap angle in machines with an intermal volume it of v, = 4 and o length-dmmeter mtin of
LD = L4, s represened

In the paramcter anca for wiap angles from gyg = 2007 - 400°, increasing wrap angles result in a fnse in the fnket ares value 1T, .
which woubd sugpest an improvemsent in mass transport from the high pressuge pon iso the working area, and lower choking
lisacs a5 a resuli. As the wrip angle incicases, both longer charging times asd the losger maximwm area of the inket opendng
during the charging phase contmibue v o rise inthe performance figures (Fig, 9. Represeating the inker arcn s a time function
agis erployed mther than us o function of the male rotor rotation angle, as this did s provide sufficient feedback becanse of
varving rowor speeds.

e I Lo |
[ CE |
ard
ia L] I s |
Ii At ! L
H I -
il el
L i
i 4 i ” | W ¥
e o0 =0 ma i o al L -
e wsag e ] ——
Fhp 8 Gap value and inlet aren valoe as o function of the Fig. 9: Inlet aren as a function of charging time for varying
wrap angle rube rolor wrap angles
Fyn =, wgeh, ved LiD=l4) (Bp=49, Hy=6 w=4 LD=14)
Haixing the wrap anzle a1 constant slep angle (A = 500} L —
closely matches o conimssas rise in the charging dme (A, = B
45 107 51 and abso in the maximum size of the inlet are 2] |
1AM e = 1) mm®), On the other hand, the depressive rise in il
the inbet vilees as a function of the wmp angle refiects the E 2
relatively smaller imcrease in charging time amed the masimum ! |
size of the inlet arca, ! o
m

In contrast i the inlet arca valoe, therd 1= g linear rise in the gap
vale @5 the wrap  anghe Eincresses. In Fig. 100 the -
time-dependent gap area processes during the charging phase : "y g - e EeN
are meprescintod for moloss with varying wrap anghes. e OCEE  EROs =Wm|:]i‘l Rt ROHD BB
With a small wrmp angle as o staming point. an increase in the  Fig 1 Gap area as o fupgtion of charging time  for
angle leads nol only o e increase b the charging dme as varying maabe soter wrap angles

afrewdy dealt withe bat &lso o o rise in the inmegrl gop area. As (=4, 2wty v=d, LiDsl4)

B
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bath the charging time and the gap area are mluded i the compaaton in lisear ferm, the gap area progression indicaies a
predominant influence of the charging tine over the gap area. Starting with the smallest wrap angle examined @y, = 200° 1
doehling of the wrap angle leads b o 43.53% [onger charging tme, By comrasl, the maximim gap area oaly increases by
14.1%.

A poometrical examination of the infloence of varying wrap anghes on inlet ond gap valses shows opposing tendencies. The
cuteni o which the favourable gap sibaation browght about by small wrap angles resolts in energetic advantages compared w4th
the inlet area geometry amed at with larger wrap angles. cannol be assessad on the basis af the. geometrical vahies alone.

Energelic exambnetion of wrdng wrdp angles

The anfhience of the wrap angle on epcrgy onversion will be funber examined by means of an efficiency rating analysis and a
compurison of the intemmal power ratings. The efficiency rating which is limited 10 the charging process and the oxpansion
phiase, permits a differentined examimation of the dissipative effect of gop leokapes pnd the choke effect of the wmlet wren, and
alen throws light on the relative prionty’ of thess two pancipal physical loss mechamsmes. Abang with the indet anea ail gap
valoes, the operoting efficiency and the miemal power mtings: ala conmbale o o deeper undersanding of disapative
prisccsses during the charging phose

In order to arrive st more precise conclusions conceming the influence of geometrical variations eon the enenry comyversion
efficieney of the steom-powered screw modor, @ comparative approach is wseful, In am ddenl process conirol system, the
working area is chameierised by ischanic charging and discharging, snd sentropic expansion in o snijahly oligned operation
The border conditions Eor cnleulating the acton] working surface are based on the sssumption of an sfinhatic process in which
bz mechanisms are tuken into accoant, The diffensnce in area compared with an ideal companson progess results from the
resiricied inflow of charging fluid at the beginning and enid of the charging phase, from the choke effect of the inlet port orea,
and the pap losses, The mtemal efficiency factor 1), relales the working aren in 2 real process o the ideal compamlive process:

], = = By fi

The dependence of the efficiency rufing and the infernal power

m!ing on the wrap angle = shown in Fig, 11, With small wrap B —fqu"nq'
angles. efficiency is melaively low, both for the charging s b efiieny |lkng and espamion)
process inisolation, and also if expansion i taken into aocount, | :b--—_"‘

E = &

As the expmination of the inlet area ond gap values [T s _._.-"'_ ,.E
demonstmics, molor varigngs  with small wmp angles arc g,_-, gttt :-.-l
chamcterised by a fovoumble pap sifustion bat anfavournbie i _,/!“'i "
inlet geometry, As the wrap angle increases. both efficiency Eu J .-f/ bk ccid _.ﬁ}
ratings rise degressavely, an effect which cin be explaingd in E :-.-e- ¥4 f h
termas of decreasing infegral dissipation, With regasd o the inket i /“ 2
area and gap valees, it is mainly improving inlet geometry as B : _ I 2
the wmp angle increases which & responsible for improved a0 o0 = ® T ¥ en
efficiency. This Factor outweighs the deteriorting gap situation W Y i

The furher improvement with larger wmap anghes when
cEpansion i5 mken 0w aocount, can be pul downs o Eap mass
flvws which “top up’ the working chamber from the following

chambers,

Fig. 11: Efficiency fatings and inlermal powsr ralings as a
fanction of the wrip angle
EIHH =4, .Em:ﬁ'. v =4, =141

The internal power mting shows o trend towords o comparehle dependency on the wrap angle. Although an increase in the
wrap unghe in the range Pup = XE° - 3007, leads ot first 10 a sigmficant improvemen in the intemal power mating. a further
anlmrgement anly leads W a minas improvermeant.

Cirnmietrival eximintion of vardiing the fergili-diaseter mino

The bengih-dianscier muie LD is tbe thind parometer. olong Lh=13 L= 1.4 LD = 1k
with the tosih coon asd the wrap angle. invalved in describing
the rodor geometry, The ared of varation described below
covers lengih-diameter ratios from LD = 1.2 = L& Rotor pairs
with differing length-diameter mtios are shown in Fig. 12,

Ax in the cose of the wrp angle. 1he length-diameter mho
influences both the overall pap siwaton amd the inler area
geametry of the sesm-powered serew motor. The effects of varying this mtle on the geemerteal configamiion of the mdars

Fig. 12: Rstor pabrs with differing kngih-dinmeter mtios
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will be nssessed wsing the inlet area value [T, and the gap vabue [T, . Both these figures achieve thear highest values in the

range of low lemgth-diamcter ratios (Flg. 131, As the mtio incresses, the decreasing infet area value malicales ihe detcriormiing
genmetrical configuration of the inket aren, while the reducing gap value indicates & positive effec) on the gap situstion,

The effects of increasing lengib-diameler ratios on the inkel situation are gqualitively stmilir o those achioved by reducing the
wing angle, The masimin valies Ffor both the inber drea and the charging times rise as the kngth-bameter ratio falls, which
secounts for the high inpul arca values in this parmmeter runge. On the other hand, knger charging times have o segative effect
on fhe Eap vales. Along with the chaging fime, mcreasing integrnl gap areps contnbule 10 o pse 0 these valoes &
bengsh-dimmeter ratins decrease (Fig, 140,
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Fige 13: Gup valee and inlet arca valoe a= a function of the
kengih-champeter rato

Fhg. 14 Inler and gop ansas as o funeton ol the charging
tmm for varving length-dinmcler rataos

(Eym=d Tpebh PuegsMIF. v=d) (Eym=4. Hg=h. Pyp=HE. v=4)

Energenic excitminadion of vardenioes  the ergih-diamerer oo

An examinstion of the inket grea and gap valves permits conchusions w be doan about the effect of varying the
length-diameter ratio on the peomedrical configurmtion of the inket arca and the gap situmtion, The relsive importance of the
d;ia::jpmiw: effects ol gap beakirpes and choke restriction has oot vet bheen clonfied. [noan ottempt o assess the opposing
tendencies of the inlet arco ond gap values with reference 1o their effects on energy conversion efficiency, the intermal
efliviency rating ond intemal performance will be exnmiined. as was alrepdy the cose with varizfion of the wmp angle,

The efficiency rmting for the charging process, and sdditioaally for e charging process. expansion. and intermal perfoemonce
as a hmenon of the length-diameter miio ane represenied in Fig, 15

The bea efficency ratings are acliovial by moss with sawall
length-tiameter ratios. Machines of this tvpe profii, from an

ne
5 — oo Ll & I erergetic polnr of view. lrem the long chrging phases and the
i R —— | favourable goometry of the fnlel wica. Ax the lengih-dinneter
T w ficany (1inng and aaparsien| Lo E ratio inereases charging trmes become shorter. and inler arces
g . 3 wre reddced 1ooon extent which cannet be compensated Tor by
. = . l the improving gap siuation. For motors of ihis tvpe, les
. - nlwenad cowm L by i favowrable efficiency ratings ore the resuls. In controst 1o on
g e = examimtion of wrap anghes. gap musscs which flow into the
b | . chambers during expansion Jdo not seem o hive a significant
iy = effect on the efficiency rafing und energy conversion qualitics
g i . = of the machime, A wendency similar 10 that noted for the

efficiency rating is exhilired By the intermal performance of
the machines being analysed. This deops commmumisly o the
kengih-diamecder eatio moases: As far e relalive prionites
ameong the loss mechanisms are concemned. the energetic
examunatien of the length-diameier fatle revials the special
syrmficance of the inler area peometry and e charging time, Another similafny exists i connection with the wiap angle
findings: the simulition results for varying lengh-dlameter ratios pustify the staement that in the parimetés anzh under
examination. a favoeusable et sstuation s always 1o be preferoesd 10 a fuvourable gap situatian,

Fig. 158 Efficiency raring ond umermal performeines as o
fumnction af the length-diameter rutio
(hme=d, np=h, wad LD=141

5 Contlusions

In the forcgoing article the influence of geometrical machine paramcters on the energy eomversion efficiency of stecam-powened
serew mobors has been examined. The varation parsnseters deploved were the intemal vohune fatio, the wrap angle and the
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