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Eggerimental Procesdure

Pour sets of test wers made, each with different
exhaust system. The first one was made on the original
syster supplied with the englne.

A 1" coupling was fitted to the sxhaust Opening
be mean.of = get of screws and & tee wes Joined with
the coupling via a union., The pressurc transduccr
and its watercooled sdaptor were fitted on the tee and
the cxpansion chember which was suppliad with the
engine attached to the tee with the help of a gpecial
union. The drawing of the assembly is shown in Fig. 14

along with dimensions.

The egecornd and the third arrangenent were
almost the same, the difference camc {rom the uneqgual
loength of the pipe scrowed into the tee. The lcngth
of the long exhaust pipe was 10 fcct while of the skort
one was 49 inches. Thc expunsion chamber was attached
=zt the cnd of each pipe and the exhaust gas conveyed
out of Lhe laboratery by mcans of a blower. The
drawing and the dincnsions of the rigs are show in
Fig. “14b and the photograph of the short exhaust pipe
arrangement is shown in Fig. 15.

The last test was made with the pipes and the

expanaion chamber left gub, exheust gases went directly
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through the tee into atmosphere. The drawing of the
s5etting is shown in Fig, 14 e,

AL each of the arrangement three pressure
traces werc phetographsdjthey areleylinder, exhaust
and crankcase pressure traces. On cvery arrangemont
the tests were made at throe speed. The lowest
selected speed was 2000 rpm, the other two were 2500
rpin and 3000 rpo at the upper limit. Electronic
equiprent were connected as shown in schematic

diagram cof Fig. 16.
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Ideal Scaverging Analysis

To enable the evaluatian 3f the effectiveness »f
each exbaust arranzement, an idecal scavenging process is
established., Since the accurate analysis »f the pracess
13 a complex problem, simplifying sssumptisns are made at
this stags., This implies discharge »f exhoust gas directly
into atmosphere while the englne is running at a very low
speed and no chemieal reactisn sccurs during the pracess.
In this way the effeot of a pressure pulse whicgh is reflectad
ot the zpen end a2t tne exhaust nine and returns ts the parts
as a rarefoction wave as 1t happens in the conventianal
arrangement is avslided. Fig 18 shaws the variatisns af the
pressures lo the ®xhaust port and the nronkecase »f the
engine o2nerabing on aen 1deal pracess.

Beginnlng at TDC snd £5llaws the air standard
cycle 13 bthe expapsisn of the praducts »f cambustiosn. It
13 assumed to be adiabatic and reversibie. The axpansion
confinues until the .pressure reaches thé atmaspheric
pressure jusi before the exbaust port is uncsvered by the
maving 2f the pistsn diwnwards. DPgfore this the gxhaust
part is 1n gommecti:n wilkth the exteroal alr asuly, thus the
pressure lo the pork is at atmarspheric and remeina bt be
atmaspheric after the exheust psrt 1is put iobos cinnection

wikh atmosphere., As bthe piston moves furtter and uncovers
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the Etransfer portes Ehe cxhoust pressure begins ta rTise due
E> the rushiag »f fresh charpge iuts bthe cylinder, AL this
mament the exhaust mort, the cylipder and the crankcase are
put in communicstizo, hence, after the prossure in bhe
exhaust wort and the crankcase are in equilibTrium, they
begln t> fall down t> atmasphcrie again., The decreasc of
the pressures going in while the pistin gommences bto move
upwards from BRC. This two pressvres reach atmaspheric
Just befosre the transfer port closes. after this the
perscore in the exhaust port remains at stmospheric until
the traansfer port ppens again., The opening and clasing of
the exhswst pirt 43 nsrt affect the pressure variatia:n in
the exhavst nort st all because bbe pressure inside tLhe
prrt is atmdspheric at both instance=.
The lower diagram shaws the carrcepindiang crankoace

pressura varlalbisn. The pisboin covesrxs the intake poart
after 1t moves for ssme Eimes fr.o TDC. The mixbure indueccd
in the crankcasc ia thew compreszed as the piston continues
s move dswnrards. Trom this mament op Ehe pressure in the
crapkease will b 1ncreasing unbil the transfex porb is
uncovered., The compreszed charge then fliws inta the
¢¥lipdcr. The craokcase pressure will be decreasiog b2

atmasheric while the pistsn is moving up from BDC. At
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this perisd the exhaust and cranicasc pressure are the same.
After the translfer port is closed ond thc piston moving
uptrards, pressure 1o the crankease will droap belaw:atmnspgeric.
The pressure stops decreasiog the momenkt the inlet port
opens and then begins b2 rlse. AS 82%51m as the niston reoaches
TDC, tae crankcase prossure willle atmospheric and remains
there unlil the inlet psrt is closcd again, henee a cycle is
campleted. , .
What devlate the actual scayenging process fr)mg
the 1deal snec will be the effects of the high speed and the
reflceted waves from the open cnd of the exhaust pipe as well

as the cambustiszn »f the unburned gas in the exhaust system.

Photographic Treces of Variations of Pressure in the cylikder,

Exhausk systems and Crankcasc 2 o Two - strake Crankcase”

Scavenge Ergine at Different Specds.

Foux scts of photagraph wers telun which corrcsponded
€5 four arrapgemcnts 2f exhavst syatem. They arc shown 15?
Fig 19, 20, 21, 22, The first rcpresents pressurc traces »f
the coglne with the sriginal setting. The segond reprcscﬂﬁs
pressurc traces when Ehe Y:ng pipe was fittcd inm the systom.
The third 1s for the short pipec arrengement awd the fouxtn
1s Eor the free c¢xhaust arrangemcnt. )

Each sect of photorgraph consists 3f nine traces.

The first three traces were btalco while the cngiae Tunning
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at 2000 rpr. luzt three were taken

a4t Z500 and 3000 rpm of engine speed zeupectively.

ihe three troces ure placed in succeseive osrder.
“ne oylinder pressure trzce 1z 0 bhe bowp, below it is the
exhaust pressurc as 1t spyesTesd o the 2scilloscope screen,
At Lstbam 1s the gorreeprading crankcouse trece.

Every ohofasrenh scusmadoles the pressure trace
and the fime bose merk. Tre Etive buse 45 shown in oraokongle
degrees, belug 20 degrees lLetwecu succeszive groduations.

At 20 degrees before ond afiter TDC, the time bose is marked
every 10 degress. To give added iaformatipr ther: are marks
showlng the morts timing snd the pasikisns >f the pistan
shown on the time — bose. This is done by Ehe help »f tne

Limkng diegram. ghowing u FPig. 17. Also, Lhere oTe atmos—
pheric lines supperimposcéd 04 every exhayust pressuie bEraces.
Thais 1s accomplished by the virkbue of the Riestlexr 737 twaway
adaptoar. 7Fhe phaotographs are best investigated Ly the aid

ol the drawings showing nositions of ports ot czch seguence.
One 2f which 18 shown in Fip. 27.

Tovestigation the Phoiigraphic Traces of Pressyre variation

First Arrznogement {(Original setting)

The first test was mode wlth Ehe sysbem consisted

of an expansion chamber miunted immediately after the fitting



for adeptor as ghoywn Lo Tig, 14 2.

The eylindcsr pressurs trsecs show Lhat the ignitiosm
timing was fairly g3od. The peaks were almast at TDC when
the englne was ruoning at low spced, and shifhed to abauk 15
degrees of crank angle after TDC at maximum spoed.

"Preszure in Ehe exhaust systerm did not risc ropidly
the miment thc exhaust port spened. It was when the transfer
part opened that the presaure “Kick" apweared, At maximun
speed the pressurs fluoctustcd somewhat then 1t gob lower than
atm2spheric jost Defore the transfor ports closed. At lower
sperds Ghe exhaust prescurs dropred oloyw sbmrstpheric Taster
than at bigh specd., ©This make the scsveoging more efficient
and cav be detected readily from Ehe crankessze Lraces as Chew
were smoother ak loyw specds.  The ¢loving of the treosfcor
ports @id nat affect the motism of bath the wave in the
exhoust nort and 1n the erackecossrc at all. Only an olmast
unn2zticealble hump c¢an bz seen 20 the crankéase przezsure trace
ab maximum spced. Thercfore, it waf anpavont that thers was
ny tendency of the goas to flow Srom the cylinder back bts the
crankcasc. This ipdicoted s very efficicni scavenging znd
blgh volumetric gfficiency.

Hoth the exhaust port and crankcase pressurc traces

were resemble t2 the 1deal 2scilligram. This was owing Eo



.‘x‘_{' l-‘!ﬂJ-r\.."“__/
- ' e -
the effect 3L the expansiin chamber -

o

s if domped aut the
waves froa the cxhaust port and the rolleeted avees travelied
Lack fram the tailpipe

The crankcasse btraces wsye the smoothest 2f the
four, bhooce consequent pumping laiss wss small.

Second Arrengement (Lang kKxhaust Pipe)

Fig. 14b Showa Ehe arrangement 2f a laing pipe »f
1 1pch oomlnal diameber jzined £2 the adaplsr fitting, The
length L was 10 fect and Lhc same cxpanziosn chamber was fitted
at the end 2f the pipe. The gas fram the fteilpipe was conveyed
quf >f Ehe labaratsrry by = centrifumgal bloawerrin the maoasr
shawo in Flg. 15.

The exhaust PTCSSUrc oI this arrangemint was lawar
than the first. Therc wers twd pressure peals at bEho lowesk
speed (2000 rpm) aand three peaks ol higher gpeode (2500 and
3000 rpm). ‘/ben the exbaust part 3péa:d Ehe pressure hardly
reached abolrspherlie. The kick taok place just as the trsnafer
ports ospecned. Gthexr peaks thet zcocured aftsr the first kick
wrre the reflected wave travelled back from the oIpen end o7
exhauwst syatem, The transfexr porbs closed when the nressure
1n the exhavst pipe was atmosspheric at all speed, hence n?
gas flaw back ints creankBocose.

Singe the cylinder pressure did not show any
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gignificant differcoce froam the first sebting, they will B¢
left uncriticlcze,

Investigation o0 taoc crackousc przssuras Lraccs
Teveals that as the pistan maved up Froam BDC and transfer
parts being uncovered, pressure in the crankcase remaincd
cynstant for a short time. Thiz indicstcd thit the pressure
ln the crankcase was the seme as bthat in bne ¢ylinder and
the exhaust poart, since at this periosd Lasth the tranzTer and
the exhaust ports wsrc spened, Therefore a pressurs
gquilibrivm existed at this moament, Therewﬂﬂ;ma nare fresh
sharge fl:w .. intos the c¢¥linder, nir exheust gas flow bock
fraom the port. After thne pistoin covercd the transfer porta,
Ehe pressurcv in the crankcase continued tadesccnd until it
was gomewhat lowecr than atmoispheric., By the time the tnrlet
port was ppened the pressure Legan bo ris¢ again, and as the
pistan was moving downwards fram TDC, the pressurc oontlinuged
t> rise consistently.

The reflected pressure pesk 1n ths cxhaust syskom
22k place after bott the exhavst port ond bae bresnsfer
parts were covered. So it hes ny effect ip the scavenging
process f bhe cnging.

Crankcase pressurc traces 57 this arrangement werg

YCIY resemble t2 the ideal ome, especially at law specd.



Canscguently the scovingsing ¥ this crrangement was bebter
than the Yirst, The cxbhoaust pressure traocs differcd from
tEhe ideal in regard 1f refleeobed waves. Thus, 1n riew of
scavenging the exhaust gas, this arrangement was beticr tham

the first.

Third Arrangement {Shart Exhaust Pipe)

The third arrangoment was almodst the same as the
secind, Lub the pipc »f 49 iuches long was used 1lnstead sf the
10 fect snc. The phatagraph > this arrangement is shewn in
Fig. 1%, and the lcngth »f the pipe 1s I=49 ipches far the
drawing shown in Fig. 14 b TFrom bthe cylinder pressure traces,
the dignition advence was very labte. Combustisn osccured at
TOC &t all =peeds. Therc were nodbticable humps during bhe
scavengiog pcriasd that were corxrcesvoanded to the reflected waves
in the oxhaust pipe abt evcry spezd,

There were twa peaxs of pressurc weves appeared perx
c¥cle of cngine in this srrangzment 2f oxheust system. The

o

anplitude 37 the reflcokzd waves wure almast the same aa the
fundamental snes, being slightly smaller abt low specod {2000 rpm)
and a little bigher at high specds (2500 and 3000 rpm). The
chargeteristic of the cxhaust prcosure at the opening sf Ehe
exhaust snd transfer porks was tho same as the provisus

fefting. The pressure in the exbaust system was well abave

atmaspheric all the time aftcr the transfer
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parts 2oened. The reflected wawvez travellec hack to tns
exsaust part dust weisre thoo traasicsr poirbts werc covered by

Ehe pistan, and 82 there wag 2 tendsoey Foar Lhe exbaust gas

£y £low back into thg crankeasc. This made wolumebric e¢f i~
glcney af the ecogice drop and was the Treas n why an improper
tuning 2f the exhaust systcm csuscd power drop in the cranlk-
Case Scavenges cngloe.

Thaerc wore cvident humps 2o the crankcase pressure
traccs at all specede, Before bone tranmsfer porks were uncivered
the pressure in the crankcase rase. then fall Jdown after the
Foxrts wers clascd. 'The waviness »f bhe traces after bhe
parts wer: closed was due to> the snack scourcd in the crank—
CASC.

The pressure variati.o inthe exhavst poxrt and the
crankczse »f thisz arrangement 9+-d nothi. g in comman with Che
ideal pressurs voriatiosn. this arrspgemeant gave the worst
oerfarmeance 3f the Ehroe.

Tourth Arrvangement {(Free cxhaust)

The lost arrangemant was made on the engine exhaust
s¥ystem by feking 2ff the pilps snd thg cxpansion chamber,
leaving the tramnsducer fitting »n the cxhaust part only.

The pecrformance 2f this arrazngement was cxpectzd bto bo the

LCELa
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Oscillograms »f the prescoure 1o the cylinder
indicate a falrly good spark advancc,., Comoustisn tarok place
at abiut 10 degrecs 2f orankangle befosre TNC. The neak was

at 10 degrecs after TIDC at all tho spocds.

It 48 veory int:xcsting bEhat alkhaugh bhe englng
exhaust ints atmosphore, thc amplitude »f the cxhaust prissure
at peak was oot higher Ehan thet ip the third arrangomont,
Furtbherm»re, after the pressure reached 1ts peak, 1t drapped
sharply below atmoespheric. This was dlfferent £o the ideal
trace as Lhere was no time that the ideal exhsust pressure be
Llower than atm9osphberie. DBuf this can be cansidecred as an
advantaege for 1t tended t» draw fresh chazrge »f mixbtuore ints
tbe cylindexs After the pistan recached BDC, the preasure in
the sxhauat system was fluctuating at the atmospheric line.
This favired the scaveonging procéess because 1t woigld not
retard the delivering 72f the fresh mixture from the kransfer
parts.

The fluctusting 2f the exhaust nressure had some
effcet su the pressurc 1n the crenkcasc at low gpecd. The
crankcase presaure trace abt low aspecd rcvealcd the waviness
5f the pressure during the perisd the transicr ports was shut.

Thls was thought L2 e the effcet 2f the charge rushlng into
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the crankcase. AL higher speecds the waviness disappearcd.

Camparing the exhaust and the cranxcase Lracges to
the idcal sscillsgram 4s wery disappoint. Only the crankcase
pressure variabtisn at high spceds resemble t> the ideal, shawing
Ehat the effcets of bthe specd are vory greab ©o the gxXhauss

PréSS5UTC.
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FUXL COLSUMTION TEST

Desceription

In order to investigate the performarca of the
engine with diffcrent exhzust arrangement, the ratedorl
fuel consumption were measured., The resultiwere plobied
in the form of fuel consumptien "hceok curves" for com-~
parigon between each sohting.

To produce such curves, the carburettor was
provided with a fixed ncedle valve zand constzut Lhrothtle
opening, The position of the throttle was marked by a
pointer and was set in the position that the engine took
the load up to paximum K.II.F., with cut difficulties.

The rate of consumptior of peotroil was measured by

[

noting the time the engine took to consure a cslibroted
quantity in the Flint fuel gauge. The weight of this
quantity ol fuel was measured by allowing the el
betwcen the marks to flow out throuvgh the test cork
inte a weighted vessel. The increase of weight corres-
ponding to the stated quantity was then the desired
fuel weight being coﬁsumed in ecach test. This fuel
gauge and the test bed are shovn in Fig. 24. Engine
cutput was measured by mcans of a self-sxcited dyma-

momater c¢oupled to the cugine. The deta of the test

equipment is shown below,
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ongine: JAar G0 H
Bore and 3troke
Swept Veolume

Caropuvretter

daxliman BEP

Dynanoncter;

«Capacity
NMaximwn spoed
Hrake arm

LBHP

The dynamomoetor 18

meter with a speed rangs up to 000 rpn.

is shunt wound and self axcitad.

A3

5%7.ruw. x 62, mo.

158 c.c.

amal Fixed Jot Carburetter
Type 527

2.9 @ 3000 rph.

B.E.O., Trape ©09

4 H.T. & 3000 rpo.
000 rpm.

10,504 in.
K15

G000
D.C. svung field dynamo-
The machine

The eleactrical output

is absorbeocd in a separately wall rounted lcad unit.

In the expcerinvent, Torgque was measursd LY =

spring balance and

specd by o tachonctoer and countor.

The tachometer wae used to adjust the speed uvp Lo the

desired range and the counter used to record the exact

revolutions in one minute intorval.

Operation

The engine was started in the usual way and

alfter a Ffew seconds was brought Lo load.

Then it was

kept running for three minutes to ensurc warning up.
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The £field rheo-stot was adjusted to give the loading
required. The tachometer was observed that the engine
was running steadily, then the spring balance was read
and recorded at the stert of sach run,

After these were done, the corl to tho tank was
shut off and the air vent &t the top of the fuel gunge
was open immediattely. The enging was then drawing
fuel from the gauge. The timing clock was started vhar
the fuel level passes the top spacer and the counber
was clubched in simultangously. The time taken by the
¢ngine to consure the gquantity of fuel between the [irst
and the seccond spacer was recorded while the clock was
allowed to run continuously. After a period of one
ainute the counler was then de-clutched to give the
revolutions reading. At this monent the engine was
8till drowing fuel from the gauge. The clock was stoppud
toe moment fuel passing the third spacser and thoe tine
recorded. The spring balance reading was recordcd again
at the end of the run.

The experiment was rcpeated witk different
specds by opening the cock belew the fuel tank, thus
allowing fuel to top up the fuel gauge. After bthe

glass vessel was filled the cock was shut and the

experiment carried on in the same manner.
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Results from the four arrangements are tabulated
and shown in the followinpg tablus., The graph obhained
by plotting the speéific fuel ceonsumption on = base of
the corresponding values of brake mean sffective pressure

is also shown in Fig. 25.

The values appeared in the tables arc calculated

as [ollow:

B.H.P. The length of the brake arm is 10,504 in.

therefore the corresponding valunz of torque
when the spring balance rcad w b, 13

2 x 10,504 w 1b-It

_._;l_l_é__

: T
Fror the formula H.P., = e
55,000
where T = torgue in 1b-f%
¥ = revolutions per mlnuce

.“. BHEF of the engine 2 x 10,504 ¥

12 x 335,000

i)
E000

EMEF The swept volume of the engine is 158 <.o.

i

Thic is equal to 158 x 1728 cu.in.
28,320

nrake work of the engine (in-1b)

total volume swept by the piston
in the sapne interval

Froom BWwER

= Wi x 12 x 33,000 x ____ 1
E000 TS0 % 1708 X1
28,

= 6,85 %



Tablec a Fuel Consucption keasurenesnt ol the J.A.LP.
16 H Enging with the Exhasust Arrangement
Showing in Figl4&0Original Setting)
oo L] W Time taken Duration TIE BMEP |S.F.C.
ox T otoiTint lor teat o Lo
Test of fuel in
lbs %%_;LS_ — upy inutes squin |bap-hp
1 S« 375 | Bod L 22.30 | 1,370 Q. 724%| 3&.B80)17.30
2 6,000 | 84S 1 30.80 | 1,513 0. 845 44.10[13, 42
3 | Ae500 {1028 1 12,00 | 1,200 | 1=113| #4.%c|12.84
& (9 538 |1378 / 5123 | 0,687 [2272] 47.55[11.51
5 7,125 (1952 - 37.85 | 0eb32 | 2.320(| 48.80[11.70
6 G813 [1984 - 39.93 | 0666 | 2:255( 46.60]11.44
7 5.875 |2589 - 36,65 | 0,611 2,535 40.22)11.08
5 5,250 2845 - 37.13 | 0.620 | 2,%90] 3Is.90[11.12
HNote 1 Graduation = 0.286 1t of fuel

Condition of test :

Petroil Mixture

Constent throttls wvalve

Getting

0 parts pectrol to one

part S 4

oil.

% 30 lubricating
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Table b Fucl Consumpbion Measurcment of the J.A.F.
16 H Zngine with the Ixhaust Arrangement
Showing in Figl4H Long Exhaust Pipe, L = 120 in)
Ho, W I ™Mnme tazken uration EBHF EMEP 5.F.C
for consuming of tezst
of 1 graduation] din 8]
test) lbe Revs Jof fusl minutes 1b{ 1b/
== sq.in lbhp-hx
man 3
min sec
i jé625( 8| 1 law.zs] a.sot | 0.898 | 45.3 | 13.60
2 [6,750 | 1406 1 2,501 1.042 | 1.580 | 46.2 | 10.42
3 i7,125 1 1Buh s 56,251 0.826 [ 2,250 148.8 9,10
1 E_Ll"l__f' 2532 - 444:"5 - 0,?3"2 ’21?10 45,9 8.6?
5 [5.62% | 2370 - 41.501 ©,692 | 2.780 { 38.4 8,94
Note 1 Graduation = 0,285 1b of fuel

Condition of bteat & Petroil Kixture same as

table 8.




Tehble ¢ Fuel Consumpition Weasurement of the J.A.P.
16 H Enginc with the Exhaust Arrangment
Showing in FigMKpShort Exhaust Pipe, L=49 in)
No, W A Time taken Duration éHP -IEHEP xs.F.c.
os i P
Tast |qpg EEES{ of fuel minutes: H;?in iiﬁ-hr
miIl 3ec
1 G- 000 [ B10 1 | 18.55 1 1.309 1 0.840 41,10 [ 16,20
2 1258 1hs ~ | 48,60 | 0,810 | 1.453F 41,90 | 1469
3 | 6a375] 200k ~ [ 41.30 | 0.689 f2.128 43.60] 51.50'
Bs 063 | 2126 - | 81.33 | 0.6%90 | 24150 | 41,50 § 11,59
5 5-813 | 2256 - | 43.05 | 04718 |2.790 [ 39,901 10,50
& -_5.&58' 2364 - 43,93 0729 2.149_;3?.10 11.01
7 .H.Sﬂi- 2566 - | 45.58 1 Q.759 ka.DEUI 33.00 | 10.97
Hote 1 Graduation = 0,286 1b of fuel

Condition of toest & Petroil

table a.

dixture zame as=




Teble d i

16 I Engine with the Exhaust Arrangenent

49

Lol Consurption Seasurement of the J.4.F.

Showing in FijMe(Froe Exhaust)

B ™1 T
Mo, ks I |Time taken Duration| DHP BMEP I5.F.C.
af for consu?ing of test
gradusnkicn
Test 1bs Reve of fuel in ib/ 1b/
min < |lminutes .
Hiln sec gg.1in |bthp-hr
1 5-875 Bo2 1 25,90 t.432 0. 785 | 4o.20| 15,27
b .83 8z4 1 28,451 1, 474 C.798 | 39,80 | 14.58
3 |7-562 | thoo - 53%.28| 0.889 [1,768f s1.70 10,82
b 17.875 1924 - 29.43] 0,657 |2.528] sh.00| 10,34
5 A.E25 2456 - 39.95] 0.666 2, 7101 45,.3G .50
& |5.875 2958 -~ 36.00] C.600 2. 895 | 40,25 9,88
gote 1 Greduation = Q206 1L of fueld

Conditicn 61 best & Petroil dixture same

25 tabkle a.
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Fuel Consumption Curves in Comparinon
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lntcrpretation of Curves

The four haoeok curves shown in FiglSroveal the
elffect of oxhaust tuning. It is expeeted that thoe freo
exhaust errangement should give, the besi. BMEF and the
lowest specific consumption., This is partly true, as
the BHEP of the free exhaust setting iz tho moximsan
while the coansumpticn is well above the long piﬁe
arrangerent. The higher consumptiorn irndicstes that
some fresh charges of mixture are lost through the
exhaust part. As for the long exhaust pipe the reflected
waves restrict this flow ail fresh charge, pushing it
beck into the ecylinder and so higher volumetric effi-
ciency is oktained.

The original arrangement of the exhaust systex
gives the higheost consumptlion but almost The sane
caximur BLMEF as the long pipe setting. This again
shows the loss of charge into the expansion chamber,

The lowest maximun BMEF is obtained in the
short pipe arrangemert while the consumption is slightly
below the original setting. This is due to the reflcocted
waves which occur beflore both the transfer ports and
the exhaust port close. These waves of very high
amplitudes drove the charge baclt into the crankcase,

The power delivered frogp the engine was the least ac



it herdly reached 2.2 BHP ol maximum output.

The obove interpretation confirms the —recult
frorm the oscillograms. It crphazises that the leugtﬁ
of the pipe plays & greab part in the performance ofi
the engine. The long pipe gives a satisfactory perfor-

marnice [or the lowesal consumption of fuel while tho

short pipe gives t):rgg‘/cfpn:tr\@%}r X
Lod & ZFPRD N N) 5
j = -.. ",l::- o

Engine ligisa

Fressure at different setting of exhaust systam ingo *©
consideration mives o cluc of sound level of varioush
arrangements. The upper fecur traces of Fig. 26. Shoiw
almospberic pressurc varietions while the engine was |

ranning at 2000 rpm, The oscillogram were recorded

using the transducer equipped with the two-way adaptor
as described before. The botLbom trace is the preasufﬂc
fluctuation recorded while the engine was being driven
to the spevd of 1000 rpm by the dynamometer., Of all .
the four upper traces the free exhaust trace is the
most wary one. It was noticed that the sound intensity
wag very high with this type of exhaust system filted
to the engine. The mest stecady trace is that obtain%d

frow the short exhaust pipe arrangement, The first

two cscillopgramsare almost the same,

52
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As a comparison the atmospherice pressure was

racordcd in the sane way but with the engine at rest,
Jt 15 a straightlire whiech indicates no pressure
disturbance on the transducer. Fig, 27 shows such a
trace on the top. The lower two trace are the =aund
of a blew, on a tavle and the sound of an electric
grinder respectively. ‘The amplitude of this two traces
were magnified ten timcs. The trace of the blow. is
very complicated, combining of very unruly waves.
For the cleoctric grinder, the pressure wave shows to
be regular with the fundamental waves of 50 e¢ps. and
overtones. 2ince the recording Wil mode when the
engine was not running, the time base was switch to
be driven by 50 cps. mains frcguency.

from the foregoing lnvestigation, the
atrospheric pressure display on the oscilloscope can
be consldered as o rough indication of the sound

intensity each exhaust system preoduces.
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Flcctrical Analoay

The duty 5L the silenecr is t2 smooth sut the pulsating
continuaua flow which contains the auditle alternating £ 1low,
At Ehelr cxit oanly khe inmodible purely continu-sus flow should
cmergeé. Therefore, the silencer must prssess a high alterna--
ting reactence far all the cxhavsi froquencies. TFurthermore,
in Jrier ba avoid the las= >f euogiloe piwer, the whole gxhaust
passage including the silencer must nst restrict tne lecaving

gasses bub leb the ewhouvst escape in perfcct freszdom.

In >1d practice, the silencing of exhaust niise is
tone by mcags 3f severe bhrottling rosistonecs. This is re--
placed by the m2dern mectnod of inéerting reactances instead
of frictlinal resistances wiich 1ncrsase bthe restrictiin.
These are comparable with cleotrieal inductances end capacitznces.
Table B, shows the acoustic coimprincnts roiguirsd for the silen—
cing bogebher with bheir clectrical analosgles and their resn-—

nance pisibilities.

It would facilitake the design »f exhaust system if,
by an clectrical analsgy, the perfarmance could be esatimated.
IE is an imposssible design kask bo btezst evary poasihle arronge—
ment an a test bed. The f£21llowing is a discussiao >f tue

settings in the cxperiment with their zlectrical analagy,
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Toe firat arrangoment can be compared to bhe third
item in table €. It is a reflection fllter which passcs thne
lowest fregquencies and blocks 211 a3scillatinsns above a certaln
limiting frequency. Thls ocrrangenent 15 go22d f2r a particular
speed 2f cngine and 1f the cngine ig t> be spcratcd at a wide
raage oF speeds, thiz Eypc of silenecr shauld e made in scriles
forming a reflectisn~serics filter such as shown in Tig 28
with its equivalent clectrical cirecuvit. The series shiuld be
made by gradvated constructisn of the individual filter stages,
in which the langltudinal dimensiasns of all the chamber and
tubcs are different.

The seco>nd and third arrangement can be ¢ompared to
Erhe fourth 1tem 3f the toble., These érrangemcnts aré alan
cffective at osne particular speed 2nly and to use it on the
tngine osperating at a wide Speed range showld require a reflec—
tlon sexries filter t5 damp oub the harmonlice ss well.

PFeczuse »f the lack of any zcoustlec mass >r spring
in the last setting, it caonst be related t3 the itecm 1in the
talble. The 2ply thipg that dampcn the pulse 2f exbaust gases
ls the ro3m acosustic, the effcct o>f which ecan readlly be seon

fram Ehe ascillagrem of Figs. 22.
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