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the latest pregramms {e)o The programne simuiates a six eylinder

diesel engine £itted with o Surbocharger, The engine has twe

szhsust manifoids ang Shese are commected to the twe haives of &
8 entry turbine,
The engine turbocharger system is divided into & set of
pontrol veluméag These eontrel @@i@é@@ arg iselated from one

another exospt during sertsin pericds of the engine oycle, When

% iz in commmication with

XN

the inlet valve of g e¢ylinder is open
the inlet menifeld and mass transfer may %ake place beiwesn these twe,
Similerly, duwing the exhsust pericd there may be mass transfer

batween the exhaust manifold and the engine sylinder. Th

@

geses
1o

within each contrel velums ere apsumsd to obey the unzteady flow

fand

e iaw of conservation of ness. The whole

i

&

wergy equation and
gystenm 1s then represented By =& et of simalfanecus differential
equations of the 4yps given im appendix I. These esquations ars
nuzerisally integreted $o give the gas stetes inm each soatrol volumsg
ot sach point during the engine cyole,

In oréder to speed up the running of the programme gertain
additional fscilitles avs provided but before thess osn be
dmplemented three assumptions ave majde:

8) The engine ayele is pericdie in mafurs,
B} The engine orlinders are identical,

e} The sylinders are injected with fuol a% equel intervals,
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START

RERD INFUT DRTA

7 |
} ) CALL EXIT
/S TEST = 0-07 23
&E}' No
SEF NUAMIED OF CYCLES = 0:0
]
INCREASE No. OF CycLES BY 7
&
y
1 _¥&s /S Mo. OF CYcLES = S0
{f No
Fori R & ZTo
¥
INTEGRATE OVER 120° C.A.
Form TP § E 7k
) P NO
4 - = o =
s 2720 o jurein of ERROR IE. TEST ?
Zpo S ‘ )
EES )
No
~ | Mo ]
/S fz%-f—” < MARGIN OF ERROR IE. TEST 7
7o
7 YES
7; — T AN
/s fff————:—ff = 7£ST 7 2 o
e
y VES
/S TURBOCHARGER WORK BALANCED 7
v Y& i ) X} Ao
P ' "SET NEW
~ ESULTS OF LAST Y. _
HAVE RESOLT - = TURSOCHARGER °
CYCLE BEEN FPRINTED | CPEED
v Yes i :
PRINT ASSRECATE ,
RESULTS 8T COUNTER 7o PRINT
_RESULTS DUYRING THE >
NEXT CyCLE -




cosses are given in referense 1.
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& TABLE Pormat as described im sppendix IV,

3} ZEABLE OF VALVE LIPTS

For a poppet wvalve the aree of gas flow is am ennuley spacs
formed between the valve sdge and the seat, I% is effectively
reduced by the effect of ﬁ&il‘ﬁrﬁg and boundavy layer wuildeup on
the valve sides. Hence the effective swea of flow a2t any ingtans
is considered as a function of the valve sige 1iP% profile, and en

instaptanecus coefficlient of discharse sz defined by Kasiner et, sl,
{reference 2}, This discharge coefficiant is dependent on the valve
1if% %o dienmeter ratio and on the pressure dvop seross the valvs.
Sines the offest of valve 3if% is much movs impovriant than the
pressure drop, for the purposes of this programme the %alw& 1ife
only is teken into scooun$. By ignoring the offect of pressure drop
en the instendenecus coefficlent of discherge, the availabls ares of
gas flow a® any instent can be computed from a knowledge of the
valve gecmetry and its 1if%., This area ic stored for both the inled
valve and the exheust velve as & function of cvank angle in s TABLE

format,

&) ZABLE OF NEAT RELEASE,

Ry

The progremme requires & preset heat relcsss pabiem. This
is input as a TABLE of Heat Release rate por unit heat relesse as 2

funetion of the fraciien of units periesd.
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§) RBABLE OF TURDINE CHARACTERISTICS,
The (isi%al vrosreams doos not incorperates the mathemeiicsel
models %o simmlate the comprsssor or the turbins, but during the

course of the computation ths compressor and turbine iz simplated
By referencs to thelr non-Qimensional steady state chavasteristics
which are stored 23 twe tables.
&) TABLE OF COMPRESSOR CHARACTERISTICS pilettsd as comprosser
non-dimensional mass Flew (MI/P) and adisbadic efficiancy ea a
fanction of pressure ratio and non-dimensionel speed (TRFY/IT).

D) TABLE OF TURBINE CHARACTERISTICS, he pavemeters ave

This input strecm describes the engine geomstry and the speed

end load conditions of o pertiovier test (see appendiz II).

R~
i PO ) i o o g o 5w WU N . % 4 s o
The zesulis of the compubation ave given on the lineprinder.
Ade &b il AR Lo & s Bodl o 2%, T B T ST S N . BB o o
A% the end of sech iterabtion the programme sudputs osas iine
D ey ot z,._., » % : P P @ :
of macbers. Thess ave: 1) sun of temperatures, il) sum of pressures,
4$24% maas throurh oow 2EnE, % 5 shyonsh Porward helf oF turbins
Aii ) BESS TATOUgn SOEpTessoP, A7) BRI GniUugn OIERd Ae.sY o TUFDING,
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8} Heat input FT.IB,
£} Heat Losses,
g) Mass inflow,
h) Eﬁa&g cutfiow.
| When the oyole is complete, the agsregate resulis such as
ToMeBoPoy I.H.P,, THERMAL EFFICIENCY, JACKED LOSSES and Aiz/Fuel

ratios are also printed., The programme then prints the date and the

]
%&@%@ L3




BESULTS AUD DISCUSSTON.

The model was used %o simslete an A.B.0. &V 410 $urbosha

e o oenadinonade sorsmen ok
HEGEE WS W essLIA TS S

and were made avaeilsdls by M.I.R.A,

The ongine details ere given below,

Bore | 4,13 In.
Strcks 5.92 4m,
ﬁ%@@pmmﬁm Batio 9829

i/ ratio 3.57

I.¥.0. 40° BT.D.C, = 7i0° Codo
IV.Co  38° ABDuC, = 218° C.A,
E.V.0. 40° B.B.B.C, = 500° C.4,
BoVoGo  20° ATD.Cc = 20° Co4y

NOTE: 431 erank angles are measured from the top dead cemtre prior %o

the start of the . inducticn stroke.

Valve zeet angle = i@%@

Inlet velvwe diameter = 1525 in,

Exhaust valve diameter = 10279 in.

Inlet sam 140¢ & 0.5252 in.
Exheust cam 11 = 0.3232 3n.
Inlet rocker retie = 1.575 ¢ 1

Ezheust vooksr reiio = 1575 2 %




2
Inie$ manifold volums = - 530 i’
Exhaust menifold volums = 86,4 @3

This simulation was used o study the effsct of %we

The two system parsmetevs REFQ:

1} X Flow
2} FLEAX

and the nine varigbles é@m
3} ~ Turbocharger size
4) Combustion Timing (TINJ)
5) Vaive Sizes
6) Turbocherger Bearing Frietion
7) Hest Transfer cosf®icient
8) Exhsuet manifold volume,
9) Combustion ?@?ﬂ@é {PIvg)
10} © Engine Speed
91}  Engine Fuelling Rate {HEAT)

Esch of these items will bo diseussed in detail,

1) X FLow,

|

X Flow is g psremeter introduced %o simulats the PrTessuDPe
rise in the exheust pipe dus %o the finite flow capasity of %he
exheust system. For smell pressure cghanges the pressure drep due

%o & resiricted pessage mey be approximsted by

A;gs:k‘%ﬁ




.

8 pomedoms &S oo = . .
PENNSL SLassanv, Ynell 19r 2 given srea, A

e

AP = g {ﬁ}

In the Progremae Kf ls repleced by X flow ast

AP = X flow (1000,0 #)

| AP = DTessure 4rop, DeSof.le
ks ares £8%
1 - gas demsity l%ffg .
¥V = | ges velonity £/sec
H = mass flow rate ib/ees = . . ‘
k= ‘conskants A
This is only an approximate method For Ghe estimation
ef %&@@%Mﬁ% variation in f;’m exhaust pipe and i requives .
$hat the pressure drop is small, However, it is thought %o be
adequate for the purpese of allowing for a smell flow resistance
in the pipe,
The effect of X flow is tebuleted in Table ¢ and plotted
in Fig. 1, whers 1% can be seen thad X Flow not only increases the

mean pressure level in the exzhaust pipe but it also impoves &




EFFECT OF XFLOW ON THE PRESSURE

PULSE IN THE EXHAUST MANIFOLD.

ENGINE SPEED = I§00 RBM.
ENGINE HEAT = [800 Fr.L8.
 FLEAK

= Q-0

ARELA

-
(=3

ST

4
o

CHAYST LIANIFOLD PRE

e A X FLOW
X B XFLOW
Cesiie € X FLON -

]

1]

i

- 1800
/o000

cooa ‘

/9
/ S 7
/
//
o)
&4

80 ¢

/20

/g0

LENGCINE CRAMIK ANGLE DESREES

£16. 7




,fsy@m@ Varistion ca this pressure. However the overall effect
on the oyole is quite smell since the turbine work and %he air
dalivery to @:»:n :wgéx:%&é%‘! havdly affested.

Since the zodel employs a comstant presed fuelliing rate
the variation in @mgﬁm{» EAW@? dua o the offesé of any paraneisy
or varisble cannot be messured directly. I% can only Be indirectly
sstimeted by the smount of aiy aspirated to the engine since an
increase in eir sepseity isqpotential inoroese in the pover cutpus
of the engims. A1l Pfurther disoussion will bs confined to sip

2

oapasity.

Engine Speed = 1800 R.P.Y,
Engine Heat = 1800 F@elkfﬁym&wj%mm

TINT = 360° C.4,
PING = 60° C.4,
XFIOW TRF W OTURB W COMP  ATR DELIVERY PEAK BEHAUSE
R.P.Mo FT.IB. PP, IR, LB PRESSURE
' - : | P.S.T.As
0 39144 62 28 2.830E=3 26,558
500 38678 60 27 2.8948-3 26,625
$000 38678 60 27 2,892E=3 26,758
1500 . 38678 59 27 2,8908-3 26,885

4800 38678 58 =7 2,800E-3 26,998
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PEL ENGIE

Loipparlil

4
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/0’

LFFECT OF JURBOCHARGER SIZE

L ENGINE Sy

D = Io0 REM.

ENGINE 1EAT = 1200 F7LE.

il P

/ i
P e

ADIABATIC TURBINE Worl SIZE .
ADIABATIC TURBINE IWORK StZE .
ADIAEATIC COMPRESSOR WORK SIZE

!
!

i
D

kY
4]

|
. |
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i
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-~~~
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¥
|
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ADIABATIC COMPRESSOR WORK SIZE

. £5000

3oooo _ 35600 - docco
' PEg
NONDIMENSIONAL — TURBOQCHARGER — Speet>  TRPM SSFI

R.R M. £16. 5




turbine delivers less pomer than its smallep counterpart,
A thorough investigniion would Tequire a run through the
whole range of engine operating speeds and loads for sach sise of

turbocharger, In this way it would be posaible to find ¢he

o

optimm size at cach opersting peint, The resulis tend to show
%Em advantages of é veriasble geometry turbine sinos it is obvicus
that & smeller {urbocherger iz nesded for lowe-gpeed operation
whereas at a higher engine load/speed the larger turbocharger

beoomes bensficiel.

TABLE 3,
SEEECT OF TURBOCHARGER STZE.

v%&gﬁi&@ Speed = 1400 R, P.M,
Engine Heat = §200 Ft,1b/Cylinden/Cyole

TING = 355° C.4,
PINT = 60° C.4,
TURBOCHARGER | 075 womsas 1,25
' STZE S NORMAL . NORMAL,
TMEePs PoS.T.he - 105.5 107.0 - $07.8
T RP.M, R.P 36652 28983 25200
¥ TR  PT.IB, 21769 24530 21,900
WOOMP  FRLIB, - . 18,658 97,073 16550
ATR DELIVERY 13. 2.8375E-3 2,9360E=3 2,98508<3
EXHAUST. GAS LOSSES
FT.LB, bhss .0 £39.0 437.0
INDICATED THERMAL,
EFFICIENCY 59.2%

50,1%

50.87%




%)

The results ohtaingd with three different values of
combustion tising are displayed in Table &,

Earlier combusiion results in higher pesk pressures end

A -

- T - _, = _ __
temperatures. an overall inorsass in 4he Inalical d thermal sfficiency

and a deorease in the exhaust ges losses, This results in a
dsorease ‘ia the turbine work and a lowering of the smount of air
sspivated by the engine. However, the ohenge in efficiency is
over=riding and resulits in an incvease of power with earlier
combustion. As would be expected, thers is sz decreasing return in
power and efficlency compared with the inorease of mechanical and

thermal loading of the enginme.

Engine Heat = 1200 Ft.1%Cylinder/Cyole
PING = 60° C.A, :
TIng - %c.A, 355° 360 365
IMEP P.S.I.A, 167.0 103.5 984
W TUBB FT.LB. 2’&@53 26@#9 " 23561
W COMP PT.1B, 17,073 18,639 20,003
AIR DELIVERY 1B 2.9388=3 29673  2,998B-3
PEAX TP %R 5098 2978 2889
PoSoI.A, 1126 930 877
EXHAUST GAS
LOSSES ¥T,LB, 439 863 493
INDICATED THERMAL |
EFFICIENCY 50,80% 49.95% 46.73%
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ADIABATIC WORK FT LS. PER Crels
' PER CYrLiNOER

EFFECT OF BEARING FRICTION ON THE MATCHING POINT

60 ENGINE SPEED = 1400 RPM. - D / B
ENGINE HEAT = /1200 FT.LB. /E /
A
[/ )
; . ' vy
o AR WA/
’Gl
/ / /////
[ ]
X //
/ /
/ / q B/ MATCHING POINT
X . / / -
o , o :
PR / /;g/ | / ~ ADIABATIC TURBINE WORK.
~ e 7 = ADIABATIC COMPRESSOR WORK.
Aﬁv&/ / = COMPRESSOR REGUIREMENT WirH
/0 e FLOATING BUSH BEALING. .
/ / ,/ = COMPRESSOR REGQUIREMENT WiTd
2 5 % BALL BEARING,
» 77 —x—m £ = COMPRESSOR REQGUIREMENT WiTH
y | ‘ PLAN BUSH BEARING.
P \
yd
o]
- 20000 3oooo Aoooo 50000

TURBOCHARGER SPEED RPM.

F16. 4
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the cylinder wall 4s Aifficuld %o predist and 1% is usual %o fall back on

2

smpdrical methods. Several workers have propossd empirissl and
send~empirical formulse to salimim@ the instantenecus gae side
heat transfer coefficisnt. The Pormule uesd in this simuistion
is a modified form of Eichelberg's squation.

From a study of heat $ransfor in large slow speed diesel

engines, ...fz%aﬁbaz‘g postelated that

fa
1]
\3"?
=)
Sunt”
uife
o
g
S
o
)
{
5|
S

8,068

4 = Heat transfer rete CHU/sec

. 2z
Surface arsa efposad Yo hesat transfer ¢

&
@
8

V, = Heen piston speed £4/sec
P = cylinder gas pressure abme
T o= gas temperaturs “x _ -
ﬁ"g.jg wall surface %m@a#@%ﬁ*@ %’.,
45 used im.this study the velocity index hes boen increased from
0e3333 %o 0.6 and ths constant s idusbed 8o s Yo give e suiteble
heat loss at an engine speed of 1000 z.p.me
The instentanecus heat trensfer rats sen be sitered sither
by changing the Eichelbsrg constant or by altering the velue of Hhe
wall tempsratufes. Tests wers $Gﬁ%a“* ved for threse @abaz’eﬁz% raiges
£ this smﬂat@%; The effect thal $his had on ihe engine gyele

are notsd in Table 7.
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% was possibl

o w

& to slter the heat releps

syeﬁafiaaﬁ comdition but this wonld inm effect have been pre~

supposing the resulis and altering *ﬁ@ pattern o Pit. It was Por

the want of a betier method that the hest relsase patiern was

unchanged over the range of these Bestis.

ENGINE
SPEED
R.P.H,
200
1400
4500

1600

TABLE 40,

EFFECT OF ENGILE SPEED AID FUBLLING RATE,

ENGIRE
HEAT
FP, 1B,
1200

1200

mm*! N

PINS
TWEP
P.8.1.
4108.2
407.0
1456.0

we
&
w5
@

o

e 358%.A,

uﬂd"»ﬂ s

e ﬁ:‘é@ £ A
B L4 ¥ W G dag
FEAX PRAK
?‘m?jg%m PRESSUHE
R PuBelshe
3089 1413
2094k, 1126
360%. 1335
3408 1443

bzam%
LOSSEE

43.1%

12.69%
14 b5

’ ggfvﬁ% '

INDICATED
THERMAL
EFFICIENCY
51.4%
50.8%
50,6%

50.3%




CONCLUSIONS.

The tests reported here wers & set of preliminary isesi;a
that were run %o check whether the proposed model was Teasonable
and what further refinsments wers hecessery. . It was efpreoiated
ses the ireaitment wes not emdirsly satisfaciory
but the advantage of this methed of approach is that parts of tm
snalysis can be chunged sasily.

The mw i3 heve indicated tha$, despiie certain fﬁ.&%%
the model iz basigelly sounds It is cupable of pm@i@"ziﬁg many
espects of the pesformance of the engine to withim reas cnable
limits :;f? agcurasy, - I%s qualitative Pespemse %0 a change in many
@mmm@ varisbles is mgmam a%im of the m&xy&imi mae,ms
?’33’“ exarple, ite bohaviour %o the veriation of TINS end PINS is
‘similer to en ectusl wging, . A further exemple is the effect of
relve sise on the mass aspivedted by the engine,

However, the $ssts have revealed W@a&m&mm an@ é@fmtsa
These are 1:?,%%@&5 znd thelr ga@s;ai@l&s@m@w avrs @&a&sﬁﬁﬁ@

8) The predicted indicated Shormal @é*fﬁ;@i@;ﬁ@y iz high.
This iz dus %o neglecting the rate of change of vaﬁ‘m ia@m

endix «"‘»}@

#oy

of the weriing fluld im the besic equatioms ap
By the use of the suwie seldiepsrfect zas bub with the imclusicn of
the term for the rede of changs of speeific haat the same ﬁz@@@i

gives & much more realistic volue of indieatod thermel @fﬁ@i@ﬁ@g o

In & particular cese the effect was to kowsr the thermal @fﬁ@i@m@g ,

from 516 o 474 1% 48 also possible that further improvesent can




be achieved by allowing the working fluid to change somposition
from pure eir at induction %o combustion products ofter sombustion.
The thermodynemic properties of the instantaneous gas composition would

Be used at eanch point in the cycle.

The model utilises a preset heat release pattern.

L

B
In prectice the heat velesse patisrn depends not only on %he
injection schednls or the gas siate at the time of injecltion, but
also on the tempsratures and pressurss of the gas as the coubustion
proceeds. Incorporating these effects would require & combustion
model fundementally bassd on the fusl propertiss. It is then and
only then that it would be possible to make a realistic $§aéy of
the effect of verying parameters such as TINJ and PINJ, |

¢} The computation of the heat transfer by EBichelberg's
eguation is suspect, but the aiternatives are also open 40 objestion,
However, there is ons refinement that is immedistely possible,
A% present a preset value of the gas side cylinder wall ‘temperature
is ussdo A better approach would be to definme a mean wall
temperature from a heat balance between the gas side and the water
side of the heat transfer surfaces. This approsch c@aﬁﬁizatar be
oxtended to a set of heat transfer surfaces, %&ﬁh.ﬁiﬁh‘igﬁ‘%ﬁﬂ gas
slds itemperature snd & heat balance over the reglon covered by that
suxrface. This would be necessary to take intc sccount the effect
of hot spots a% valves, e%c.

It is obviocus that the modsl developed is not completely

reprssentative of the physical systen but evenm in its uwnrefived form




it promises $0 bs 2 useful tosl for engine developmensd,

A more refined model 4s in the final stages of
development, I% inscorporstes the modifications suggested in
this report b2t & comprshensive seriss of %tesés is raquired 4o
show its true value, hem these Fesults ars availsble thay will

be reported in a publication of the Advanced Scheool of Automchile

Enginsering {Collegs of Aeromautics, Cranfield).
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gas in the control volume can be represented by the differniial

sgualtionsi-
{ : : k! )
T  RT Jod e O jaili <« B T - P H
a5, T % (T30v.1d - 2 Cv )@t - R T, e - P+ )
R oA 5 ® JT E
P Te%e'e | |-
) ™ 73 ~
&y L o8 8T, . " Wi} o | s ¥,
Ry IR e v
at T, 4% ¥ j a% a3 ¥ as
& g w g
whers
i = wefers o inocoming quantifies
o = vrefers to oubgoing guantilties
¢ = quantities in the control volume.
N.B. Because of sssumption (¢} outgolng quantlities heve the same

properties ss those within the somirol volupme,

In aﬂ@i ien o the two “é”smm agustions thers are five other
anxiliery equebions 0 be solved for mass inflow, mass oulflow, heat
impud, heat lossez and &V @;"ﬁm These ave ezplained in dededl inm
vefgrence 1. The complete sclution of the state of the gas within
sach control volume involves the soluticn of seven simulianscus Pirst
order differentisl ecustions.

The thermodynamie sguations were used in the above form %o

&

resulds given in ¢his wreport. It was soon evident ¥

bbain th

»
*3

€3
&

agsumptions were not justified and that if grester sceurssy wes required

hese equatlions would have o be rewrliten.




two assuspblons shich wers invelid ave:

%
et
&
&

Ll
s

The rate of change of specific head
PR -2 R P
w8 R Es.LEatiale

i H = ;m = V
i1) H i’;’?z L

e - > . -2 . - . .
FFE TFILR EOATRD ST T TTAATRE TS e e g sas g UG g i T &
s Wmieh falhedh W Ve we o g WS B W et Mber W e TRy BT W\:s\&«f&%w&d 2 Gl B @

i-Cy P )3 - {Ho -~ Co. T )@o~P &V + a |
AT CCTH °-=t Tat |

N { mags —_ . ,
ap P&  RT V8- el - P&
o ,ﬁ m%i% & mg?sm% éi &% :,“.gi #;3 ;f
pran “a X" ﬁ?@ L 3 ¥ &k
fige?

The effest that these chanpes had on the performance of the engine for g

pardioular tsat condidtion are glven beleow.

Engine Sypeed = 1400 R.P.H.

Pngine Hoat = 4200 £5.1b/Cy)indss/Oyele
. I v )
Fﬁmﬁ 2 5:‘;‘5 {?{&%’sa
TTT 5 & 3
FINd = 607 C.h.
THEP ¥ TUS FER FEAK PEEE EISATIRT INDICATED
P.B.E, URIT HASTY O THVTERATIRE  PRESSTUHE QA4S THERAL

OF FAHATRT E BeScl.8. LOSSES  EFFICIENCY
GAS ¥T.L1E/LE
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o o Bl e
Bguation

wd
g
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[}
o
o
bk
Q4
St
el
AP
e
i
ho
oh
&8
ey
e o

50.8%
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APPEIDIX II.
The date stream ENGINE AND TEST PARIMETERS conteins the
ngtesgary inforestion o desoribe the %mngﬁ% g@@%@ %ﬁﬁ the -z%}?ﬁ\@*i and

load conditions of the best.

STROK , BORE , . RATIC , BC |
;

VINOG VEZO VING VEXC 5 ’

i PLOW, SHAFE, v0i{7)s VOL{8),

VOL{ 9}, PREX , HEAT SEEED

e, EEXP , we TERLP

SFT S¥E 8%, SET

TINT PINT , P WALL, 87, TEST, FIEAK

wheres

STROK = BEngins stroke £%.
BORE = Eogine orlinder bovre sf%:s
GG = Eeocentriciiy of comx @i@%&’@g rod or I/r ratio

Timing of inlet vaeive opening degrees C.A.

I:?
&
€2
8

TR0 = Timing of exhaust valvs opening degpress C.d.

oy

-
1185 va

— o
% Tdendwer of

oty

b

ve closing degress U.d.

4
&

&

¥

VEED

8
4

7. 4 s oz “ . S
Timing of evhsuvst valve closing degrses C.A.

3

Z FLOW = 4 pavemetsr to simulede the finite flow capsciiy of the exhaust

systen.
SHAFE = Ratio of swriacs srea of combumaiion chamber to thet of g right




=

VOL{7} = Volume of inlei manifold £3

ol

VOL{B) = Helf volume of exhoust manifold £%

g;’ss
R

V05 {9} = Half wolume of exbaust monifold

g

Teditial value of exhaust pipe PXessure TeS.i:8.

i srrr T on Donen wimen meend o B TEY
= eSS ADRT  RIOE BF RPEAE B e BELE

SPEED = Eogine Speed R P.M.

5

EC = GConstant for Bichelberg®s heat transfer squation

e

EELP = Speed index for Eichelberg's heat transfer equation,

TEG = Comstant for turbocharger bearing friction lsw.

TFELF = Speed index for turbscharger bearing friction law.
The turbocharger bearing friction is sesumed %o be given Wy
Bearing Horse Powsr = TI0

SFL = 3oagle factor for inlet valve ares

SEE = Seale Tactor for ust velve area

SEC = Seale fsobor for comprsescy flow

SET = Beale factor for turbine flow.

In order to aveld veading iv lengthy tables for svery change
in velve or turbocharzer sise, scale fackors are provided for the velve
#low aveas and the flow capecities of the compresscr and turbine. The

=

@ am a “
true valve flow ares iz that read from the %sble snd maldiplied by ¢

'

Ve

&

@

approprists sosls fackor. In addition, the nen-dlimensionsl apsed is also

divided by the guavre root of the appropriais scale fachor to d %@m&% the

true speed reguived when using the 4ables




TINS = Coumbustion timing degress C.A.
PINS = Combustion pericd degress C.A.
T WALL= Gas side cylinder wall temperature —Ro

N7 = Sets the nusber of integration steps before the flrst cutput.

¥

s dluode  Bdm
=

5
E R e B

]

.
iz no outpnt £i11 the iteralionse

i

heve resched & stsble solution, Then N7 is sutomatisslly
set equel to sero and results are output at each step of
integration.

TEST = Accuracy level required before the cycle is assumed to be
periodic, If TEST is set equal %o serc it causes a normal
exit from the computer,

FLEAE = A faotor to incorporate mass flows beiween ‘the wo balves of

the turbine.
N.B. A1l the rumbers except N7 are real and should be written with a
decimel point, N7 is an integer and should not contain & decimal

point.




APTENDIE ITT.

This input stresm is used so

oo e % S pudt Sl g g ™8 e Ol -
and pressures in sach of the control volumes in order

TERRY : o EH
LHPE, ?,g s iﬁg I3
@ m 7
z}?&“ $ E%g ﬁ.-.ggg ..1.?%
o o e »
o g E
A s;}s §8 - 58
il 4:) - d Y en
o 53 ﬁ’ﬁ &
E}m :‘;Q £ L]
7? g® 9
TRPH = Turbocharger apsed R.P.l.
B ofn P AR . Srsrmmn o1
ty WO L. = CUylinder gas temperatures R
P, %o §£ = CUylinder gas pressurss p.s.i.s.

preset the values of the temperatures

that the

vne 3 ] . @ .
Toe P, = Inlet menifold tempsrature R and pressure pos.i.a.

two halves of the exheust manifold.

b Q - 2 -
%@@‘fma_g s Py = Temperatures R and Pressures p.so.i.e. in the




The Yeble function wss originelly writien by ¥r, Palmer of
the Departuent of Propulsion, College of Aeromautics. Its purpose
was to stre in an easily sccssaible %abmiﬁz* form up to thres dependent
varigbles as functions of one or two indepsndent parameters, During
this study, the "Function® has been writien as & Foritrem IV subrantive

ST - To P gbmoade FAUO S S e o ders, S Y &
which 12 capsble of storing up %o two dependent and 4wo indepandsnt

BE @ S s ol s e um =3 S

The dats is read into a COMMON ARRAY TAB from TAB (1) onwards

by means of the mester programme., I bacomes the sddrsss of the fable,

3

The nuaber of tables that can be storsd is omly limited by the sise
of the avvay TAB,

The nugbers %o be read in must be presented io the compubsy
in a parfticulsr ovder.

The Pirst twe lines contains the words:

DATA

TABLE OF cocesos

This iz Pollowed by o set of fen nuvbers whoss mesning is
given below, .
I x, and z, ave the independent varigbles and ¥y and y. the

o é
dependent varizbles, then the musber lsyout is as follows.




min, 49 mgxg BaXoX, p mmazﬁ?
: 3 ¥
b4 xz
4 2 pra & y? > ?g 2
0.0 0,0
siues af = im Y »md:.;' :

FaLG8s 8% G e WELEAILE, W ATS

i
Cooe s .
values of x, ( &f‘ present in &m@m»ﬁng oxder)

\” B

values of y‘g f’ar ‘eagh x, i‘w %s‘% value of ,
values of yg for each x@ fw énd value of x,

L)

valuaes of ¥y for each z, for iast valus of %,

(i x, does not exist, then just the velues of y, for x, in increesing order)

values of y, {if present) in & similar order to Fyo

Once the mumbers are read, any refevence to the table can be

¥

made by & @a‘é&rm%&% call of the type

CALL TABLE g:s:'s x1, X2, i, ¥2) s
Lt 3 ﬁ, :

where &;ﬁéﬁoggmése m:mas &aw besn given w E £t mﬁﬁ wham relevent, L2, °

The values aﬁe y,g (m g?,f and ¥, (24,%2) are sveilable in Y1 and Y2,

LI
g 4
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