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MEASUREMENT OF KHO CK CHARACT~R I STIC S I N 

SPARK - I GN I TION ENG I NE S* 

_-::;- R . Schu tz 

The ve r y f a ct t ha t no s i mp l e and yet re l iable tes t 
me t hod i s ava i1ab 1 u r ende r s t he measur eme n t of t he knock 
c h~ r a ct e r is t i c s of Ott o enG i n e s or of f ue l s ex tr emely dif 
f i cul t . 

The bounc i ng - p i n i ndi c a t o r s coome r cial l y avai l ab l e a t 
p r esen t ( f i g . 1 ) utiliz e the pressu r e i n the combu st i on 
chambe r to deflect a bu i lt - i n membrane Rnd a t the sane 
ti me for c e a loose p i n on the meMb r ane into mot i on . The 
speed a t which the pin r ise~ ~ . ua l s the speed of the con 
t act poin t of t he nen bran e so l ong AS i t i s no t r etarded . 
At the i n s t ant of de c re ,',\sing DeI:lDra e speee. , i. e . , the 
momen t at wh ich th 0 r a t il uf pressure r i se in t he CO Mbus ti on 
chaube r r eache s' a Lax i mun , t ~e p i n i s r e l ease ~ and conti n 
u es of its own accord . On reaching a ce rt a in he i gh t a 
sw it ch c l oses a n el oc t r ic ci rcuit , nnd op en s i t again as 
soon as the pin dr ops . The ti ne i nterval o f the curren t 
f l o~ i s r e c orded by t hermo tr nnsfo r ne r . 

Accord i ng t o t he fo r ego i ng , i . e . , the i deal cas e , i t 
i s d ep enden t upon : 

1) The speed a t wh i c h the p i n h as l e ft t he meDbrane , 
i . e . , i n t he i d eal case , on t ~le max imum r a t e of 

( d p \ pressure ri se i n t he cyl i nder - ) 
' do, max 

2 ) The amoun t of rn eob r ane curvatur e n t t he i nstant of 
sepa ration of p i n qn d m0nb r ane , i . e ., i n the 
i dea l c as e , on t he t e r mi nal con bustion pressure. 

*" Ube r d i e MessunG der Klopffes ti g:c e it an Ot ton ot oren ." 
A. T . Z., vo l. 4 2 , :l 0 . 1 3 , Ju l y 1 0 ,1939 , pp . 364- 370. 
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In r ealit y t he r e are Bany o t her e f fe ct s be sides th ose 
cit ed her e . To be g i n wit 1 , th e p i n its elf mu st d.r op back 
aga i n on t he memb r ane . Th is r enewed cont a ct engende rs a 
sho c k , i . e ., t h e p i :l nakes a s u clde::1 jUr:l P nnel , under cer 
tai n c O:ld i t i ons , cl ose s the circuit again. Th is new time 
i nte rva l itself i s dep en den t u p on 

3 ) The r a te of co ntRct be twe en p i n and menb r ane wh ich, 
t he power stroke h~vin g s t a r ted , con s i sts of 
t he speed of t he p i n l ess t he ve l ocity of t he 
nenb r ane . Bu t th e l a tt e r i s n ow dependen t u pon 
t he r a t e o f p re ssur e d ro p , i e ., t he expans i on . 

The pe rf o r mance u sually r epeats it se lf several ti mes 
un il at last the j umps be c oee so small a s a r esu Lt o f 
fric t i on nnd i npact l ess t ha t t he contact s no l onge r t ouch , 
a l though t he r ~ i s no co mp l e t e r est be f or e t he s t a rt of t he 
new c y cl e . 

As i de f on t ~es e t ~re e fn c to r ~ wh ich i n ~ny c ase 
s till h2ve some t h i ng t o ~ o wit h t he c oc~us tion p roc ess , 
t ha r e a re yet seve r a l o t he r effec t s as d ef i nite s ources of 
erro rs . · F i gure 2 i l lus t ra t es the tice r ete of chan g e of 
c ontact be t ween p i n ~nd. ceBbra~e for t h r ee c yc l es . First , 
it is a p a r en t t hat t he p i n o f ten l eav es the cecb ran e dur -
i n f, [J, e ye 1 e nn d t h at t he n U::::1 b e r 0 f j UB P S (~ iff e T s sub s t an -
ti a lly f or diffe r en t cycl es . Fo r i nstance , they a mounted 
to 1 5 a nd 56 jucps for t wo suc c essive cycle s wit h res p ect 
t o time , whe r eas t he t e s t en z i ne ope r a t ed u nde r pe rf e ctly 
st eRdy condit i ons . An o t he r sur p ri s i n g fact i s t h e ma r ked 
scat t e ri ng of t he d i ag r am poin t s wh ic h is indi c a tive of a 
r enew ed cont ac t follo wed by shock ~ r o cess . Since t h e pre
sen te d tens i on d r op i n t he contact po i nt depen~s u pon the 
cl o seness o f c on t a ct it is an t icipa t ed tha t the d i ng r ac 
poin ts for re nei"l ed co n t nc t f1:1.1 1 on e, c u r ve. o.f u n i f o r r.;. v a ri
a ti on . The p r ofo u nd d i s t u r b an c e , c h iefly at the ri ght be 
l ow . i s d u e t o t : e na t ur~l os cillat io n o f t h .e menb rane . 
Since the r ela tiv e spee betw een p in and memb r an e i s of 
_ec isiv e i m~o rt ance a t i epa t , i t cannot be i mma teri a l 
wh e t he r c on t act i s ~adc just when the cembr n~e sw i ngs 
do wnw a r ' 'and t he nex t ti me upw r d . A s icple app r ox i ma tion 
g i ve s for the t h u s i ncur r ed e rr o r an orde r o f magnitude 
of + 40 pe rc en t r e la ti ve t o t h e i nit i a l speed of the p i n . 
T .e err o r c an a l s o o c cu r wi t_ t he ve r y f ir st jum p in g co 
ti o n because t he ~atur al oscill a ti o n o f th e memb r a ne usu
al ly does not ~ i e ou t co cp l a t ely or i s a lre ady excit ed 
aga i n a t star t of c onbus ti on . 

• 
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Fi gure 3 illus trat es the bou~cin~-p in motions for 
six cycl es at. sligi:ltly knockin g operation. Q,uite surpris
in g are t he ~ reat differences at the hiBhest jucps, for 
exacf l e, cycle IV and VI . Tho' cause l i ss in tle natural 
oscillation of the cenb r ane ard i n the Jiffe r ences in the 
cocbustion process for the in d ividual working cycl es , as 
ex?lained briefly later on . Note also the baffling scat
t e r in t he second . an~ t h ir d jucp s , for exacple, cycle II 

' and VI , due . solely to thefiaturnl oscillation o f t he cec
hrnne • . 

As a furt h er source of e rror, mention is made of the 
shock process betwe e n t he two test contacts; it produces 
an oscillation of the upper contact spring and conse~uent
ly, und esi r ed interruptions in th e current flow . Figure 
4 ahows the touching intervals of the te st contacts for a 
cycle at moderate l y knock in g combustion . It is plainly 
seen t hat the pin j umped four times , lasting up to closing 
of contact . The f01.1:r separata touching p e rio ds become 
sho rter with time and have approximately the expected as
pect . . Howe v e r , evon this exceptionally plain diagram re
veals th e effect of th e natural vibr at ions of tho constant 
springs , since the flow of current in the individual touch 
i ng periods is several times interrupted following the de
flection of the upper contact . Figure 5 repeats the same 
process for a more severe knocking combust ion. In this i~

stance the defective ef fect of the natur al oscillations of 
memb r ane and contact springs is so profound as to obliter
ate eV3ry trace of uniformity . I n common meas1...U'ements with 
modern bouncing- pin in d icator s , this picture represents 
a bout a norn~l case , whiie the foregoing constitutes a rare, 
noteworthy exception . On comparing the two pictures, it 
becoces evident that t he bouncing-pin indic ~ tor often r e 
c ords the less severe kno ck for the more easily knocking 
fuel. 

La s tly, there is the dan ber of burned contacts, which 
naturally increases with the number ~f current int errup
tions . Figure 6 shows one of the previously carefully 
ground contacts after 3-1/2 hours of operation. Obvious ly 
such rapid changes ' in contact characteristics is not per
missib~e in a te sting de vic e . 

Following the discussion of these t h re e potent ial 
sources of error , we c al l attention to v a ri ous r esults 
which make th e bouncing-p i n indicator appear fundamentally 
unsuitable for r ec ordin g knoc~ phenomena. 
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A . In f i ~ur e 7\ the pr ess llre-)?a th diag rams for two 
suc pess iv e c ycles a r e p ~esented . Th is g raph 
also show s cl e a rly t ha t a c e rt a in scatter of 
t he t es t data i s t o be expe cte d , b ecause the 
i ndi vi dua l co mbustion p r o c essos a r e d i ssimilar. 
Both cases s how t hat, before incipi e nt k nock, 
which l i~s at around B, a max i mum of t he r a t e 
of p res sure ris e had al reRdy b e en ex c eeded a t 
a r ound ' B. i . e . , th e b ou n cing pin ha s l e ft t ~ e 

cemb r ane a t A b e f ore the knock i ng c om bus tion 
had ove n begun . For such , not at all se l dom 
cases , tho t as t result hus t he refor e nothing t o 
do wit h knoc~ i ng . 

B. Up t o the pr ese n t time i t has ne v e r b een def i n it e 
ly es t a bli shed t hat the max i mum rat a of pres 
su re ri se in t he ongine is an absolute criter i on 
f o r t he sever it y of the knock . Accordin g to 
f i gu r e 8 , wh ic h , t oge t he r with t he fo ll ow i ng 
t ex t , h as bee n take n fr om Ri card o ' s "Hi gh -Speed 
I ::'l t 0 r nn l Oom bust i on Engines , " just th e oppos ite 
appea r s t o be c orr e c t . Th is i s also c onfir me d 
by fi gu_e 9 , whe r e the values fo r the max imuc 
rate of p r essure r i se i s shown for two fue l 
b 1 end S 0 f abo 1 t 1 2 oct p,n 0 n U:1 b 0 r d iff e r e n ee . 
Th' l e n g t h of , o~ch v e rtic e l dash g i ves t h e value 

d) 
for the max i mum for a certain cycl e , as r e -

do, 
co r de d wi t h pi e z o e l e ctri c indicato r and d iff e r
en ti a ti on i n trllme nt. If t ~e " maxi m rim 

dp 
d o, 

wer e a n u no bj e ct ionab l e crit e rion for the 

se v e rit y of t e knock , the dashe s fo r t he fue l 
on t he l e ft woul d have to b e definitely l onge r 
t han for t ho fue l a t t h e ri gh t . 

c. Tha t the te r u i nal pr essure 6f c ombustion i s no ~ 
def i n i tely deto r c i nedby the se v er ity of t he 
knock i s gelleral kn6w l edge . 

D. No t hing was found t o su~port the assucp tion t ha t 
_a te of p re s sure d rop i n t he powe r s tro ke ( ex
pans i on) depends u pon the seve ri ty of t he kn ock; 
Doreove r , t h e r e a r c hart~y any r eesons f or it . 

The c hap t e r "Bo u naing- Pi n Indica t ors" i s cl ose d \'lith 
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the brief notation tha t t he test data were obtained for 

1) ' The max i mum r a te o f pr ess ure r i se ( d P ) 
\ da. max' 

2) The terminnl pr essure of co mbustion (Pmax) , . 

3) 'he rate of pr essure drop ( expansion cycl e) . 

In asm uc h as none of these three fact o r s is definitely 
ass oci a t ed with th e knock procoss , · it is difficult to see 
how the t o t a l r es ult c ould r eproduce th e knock int ens ity 
cor r ectly . 

Q,uit e apa rt from t hc .. t , t he bouncing-pin indic'uto r 
r ead i ngs a r e ad v e r se ly ~ffe c ted by the 

1) r ~ a t u r a l os c i 11 t1. t i on s 0 f t :1 e ill era b r E',n e , 

2 ) N~ t ural os c i lla tion 0: th e c on tact spri ngs , 

3) Burned spots on t he contac t points , 

4) Unusu c l c owbus t ion aspe ct, 

which conf irms more th n eve r the un suit ab ilit y of the 
bounc i ng- p i n indicator as dependable r ecording i nst r umen t. 

Be fo r e pro c e e d i n g tot h e fin eli n g s . ~n d t cst L'l e t ho d s 
w~ ich ~ i bh t b e suit c b l e as substitute s for t ho bouncing 
p i n , a brief a cc ount of the c ombust i on and kno cki n~ in t h e 
spRrk-i gI iti on o~~ i ne is g iven . 

Th e compressed c~a r ge i s i gn ited by t he spark plug 
at a pOint , a flam G front co nes i to b0ing which advances 
somewha t li ke a ball i n eve ~y d ir ect i on . Th e r ate of ad 
v an c e of this fl a ne fr on t d iffer s for diffe r en t fuels and 
f o r ditferent excess ai r f acto r s within cert ain limits an d 
usually - but n o t a l ways - incre uses defin it ely lith t he 
pressure and t empe r a t ure . The burn i ng por ti ons of the 
c !1.a r ge i nduc e a p r ess ur e [ll'J. t e::lpe r a ture ri se of the part 
of t he ch ar ge not J-et ' r eached. by tho flame f r on t, until 
u nde r the circums t~ n c es . t he cond i t i ons of a~to i gnit ion 

a r e g i ven . If t nese c onditions o c c ur. the knock i ng co mbus 
ti o n beg i ns , i . e ., the s·till no~ -burning por tion o f the 
c ha r ge rapi d ly deve l ops nunerous new i Qnit i ng spots fro~ 
wh ich i n turn bel l - like f1 3ne fr on ts eT an~ t e . Then the 
ris e i ~ t he rate o f adv an c e o f the fl nno front i s actually 
c o r e appar ent t han re a l because of t he app.ea rance of the 
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Dan y n o \'1 i Gn iti on spo t s . Vi sur.1. 1 i z i n G - v{ha t J}o r hnps cose s 
c l os G t o t h e t r u t h - t h I!, tat i !1. C i p i e n t k n 0 c k , i . e ., 0 n 
r e n ch i n g t he c o nd i t i on s o f ou t o i g n iti o n , wit h in a v e ry 
s ho r t ti L o on o ne w i Gn iti o n s p o t a ppe n r s ri gh t next t o t h e 
o t h e r , t h en t ~ e new f l an c fr on t s h~ ve t o tr avel ' n o d i s t an c e . 
The re s- It i s a n a ppa r e n t l y i n f in i t e ly ~ i Ch f l ane s p eed 
an d the i ci p i on t kno c k ) OC OO ' S at the s an e t i ce t he end 
of t l e c on b u s ti o n ; f o ll owo d by a n i n s t antane ou s r ele a se of 
t he t o t a l e n e r g y of t he p~ rt o f t ~ e cha r g e not ye t r eac hed 
by t he ' 6~ i g i n a l fl ~D c fr on t a t i n ci p i en t kno c k i n g . Th is 
fr ee ene r GY cr ea t es a s tid d on l oc n l p ress ur e p e ak '1hic h 
equaliz es it s el f a s p r ess u r e wa v e . The p r essur e wave in 
tur n s pe e ds t h r ou g h t h e c o~bus ti on chan be r a t son i c - h en ce 
fi n it e ' - v e lo c i ty . Tho starti ng p oin t of t ho p r essur e 
wa v e o r "kno c ):: o s ci l l a ti ons tl is t h e c on t o r o f grav it y of 
t h e e n e r gy - o r i n h OD o g an e o u s mi x ture t~e spati a l cen t e r 
o f g r a vit y - o f t h o pa rt of t h e cha r ~ e not ye t r e a c h ed by 
t h e o ri g i n al f l RDe f r o ~ t ~ t i n ci p i e n t k 'lock . The kno c k 
i n t en si t . i s ab ov e a l l go ve r ne d b y t h e p a rt o f t he c ha r g e 
t h a t Du s t bu r n so n s t o create t he a u t o-i gn it ion c ond iti on s 
f o r t he r e s id ua r y c ha r ge . I f t hese v i ew p o i n t s a r e c o rrect, 
t ho k noc k c ha r Rct e r i s tic B c al be d e t e r mi ned i n t he fo llow
i n g n anne r: 

1) By d e t e r o i na ti on o f t he os cil l a ti on a mplitude of 
t h e knock fr e quenc y , bo c a us e , t h e g re a t u r t he 
p o rti on o f t h e c h~ r ge if hi c h bu r ns o n ly a f t e r 
t h e c ond iti on s o f a ut o i Bni ti on hav e been r eac h ed , 
t ~e str o ~ge r the d e v e l o p e d p r essur e wav e and t he 
h i g~e r t l e osc ill at i on a n p litu d e o f t he k n o c k 
f r e que n c y . 

2) By de t e r mi n at i cn of t he ti n e i n t e r va l by wh ic h t wo 
qu a rt z p ick - u p s i n 1 i c a t~ the st a rt of t he k n o ck 
fre quen c y d i ff er en tl y . Assu~ i ng uni f o r n son ic 
v e l ocit y t h r ouFhout t h e who l e c ODbu s ti on c hanb er 
t h e s i o u lt ane ons u se of se v e r a l qu a rt z bha~b e r s 

a f fo r d s t h e l o c a l p o s i t i o n o f t he kn o c k c en ter 
an d henc e t ho am oun t of t h e cha r ge p orti on t ha t 
b u r s a f t e r ap pe a r ~nce o f t ho Ru t o i Gniti on c on 
d iti ons and d ef i n e s t h e kno c k i n t ens it y . 

3) By d et e r mi n in g t he c omb u s t i on ti ~e . Ass u mi ng t h e 
end 0 f t he c :m 1 u s t i on t 0 c 0 i .n c i de , \vi t h tho i n -
ci p i e n t kn o c k , o n e c an def i n it e l y ~s c e rt a in 

wh e t ~e r a c y li n d e r knocks o r no t . As i n t he 
pa rt of t h e c ha r g e wit h kno c k i n g c ODbu ~ tion , a n 
B) pa r e n tly i n i n it e fl a~ e s p e ed i s r eac hed , t h e 
co mb u s t ion ti De c han g es r a p i d l y . 
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Not 'Ll_. _D c t.f..!:..m in ,', t ,i o r~-2_L.0 s c il ~ D. t i on a Dp 1 it ud e.-
Fi e;ur e 10 illustr a te s th e fre que.ncy distri buti on in a 
p re ssure c ha rt f o r d iffe r ent kn o ck inten s itie s . As t h e 
k n ock in c r ea s e s , t h e v a lue s f o r 'so mG fr e quen c y zo n e s ri s e 
n at GTi a lly' (f o r in s t an ce , No . 3 : 50 - 64 Hz, No .5: 8 0-100 HZ), 
w hi 1 e f o r 0 t h e r sit is f:1 UC h -1 e s s ( No. 4 : 64 - 8 0 Hz, No .6: 
100 - 1 25Hz , No . 8 : 160-200K ~ . One p a rticula rl y not e wort h y 
fe a ture is t he ris e of t h e values for th e frequency 'z one 
No. 22 : 400 0 - 5000 Hz , wh il e the increasin g k nock stre ng th 
to fr e quencies of BOO - 3200 Hz has no effect what s oever. 
He nc e the sug ge~tion that the knock frequ en cy f alls into 
zone No . 2 2 or on e ne a r to it . Unfor t unat e ly th o e xpe ri
ment a l lay - out did not suffice for still h i gher fre qu e ~

ci e s , so t h at t h e cha rt sto p s at the mos t int e r es tin g part . 
Fi gure 11 s how s th e v a lue s for some freque n cy g roups p lot
ted a ga i ns t t h e fu e l lev e l in t he c a rbur e t o r o f th e I . G. 
test eng i ne , i. e ., a ga in s t t he eA c ess a ir f a ct or. Th e 
frequen cy z one Y o . 23 co mpri ses all t h ose ab ov e 4 000 H2. 
On c ompa ri son wi th t he mean t empe r a t u r e c u rv e , wh ich is 
1:!.l s o. sho'/In , it C Em be see :J. t ha t t he v2.1 ues f o r t h e frequ en
cy zo n e No . 23 r ep ro d uce t he kn ock s tre ng t h soones t. Th is 
mean s t h~t t h e kno c k frequen cy f o r t he empl oy e d t e st e ng i ne 
a t 600. rpm li es a b ov e 4 000 .· iz . Exactly d e t c r min e d, it wa s 
6500 Hz. The k no c k i s , i n f~ct , quit e a ccur a t e l y reproduced 
by its oscill a ti on amp litude, but u n f o rtu. a t e ly t h i s meth od 
i s not si m? l e ' on oug to warr an t its u s e f or gene r a l o p e r a t
in g n~ as ur cmen t s , b e c ause t ~e k n o c k os cil1 3 ti o n fluctua tes 
i n it~ fr equ en c y and oscill a tion ampl itude for diff e r en t 
f uel s and kn oc k int ens iti es . I n consequ en c e , it is di f fi
~ult t o f o r c e xact ave r age v a lues and ~ t t he sane time to 
a s ? ure s u f fici en t Deasuri n b a ccurac y i n siBp l e f as hio n . 

No t e 2 . De t e rmi natio n o f i n cipie n t k n o c k o s cill a tion .
Fi g ur a 1 2 shows t he cyli nd er head of an I. G . t es t eng i n e 
with t wo quart z p ic k - u ps and spa r k p lug . Ea c h quartz 
chambe r ope r a t e s a cro s s a:J. amplifi e r and n filt e r, wh ich 
cuts o ff ~ ll fr eque n ci e s b e l o w 4000H ~ , o n a be ao o f a t win 
b e a~ l amp , so tha t t he k n o c k o s c illat i or- i s r e c o r de d by 
each c h a Db e r . The t ~o osc i l l a ti on s a re tiDe d diff e re n t, 
a s fi g ur e 13 s hows , whcn t le k no c k ce : t e r, t ha t i s , t he 
st ~ rt ing poin t o f t ha p r e s su r e wave is no t equally d ist a nt 
fr om t he t wo quar tz c ~aDb er s . In t h is way , it i s p os sible 
t o de t e r~ i no t he l oc nt i on of t he k nock c en t e r , if t h e 
h ei gh t of the c ocb u s ti o n c hem ber is neg l e cte d . If t he dis 
t a nc e o f the s t ~rti nG p oi n t ' of t h e p r o s sur e wav e fro D the 
bOttOD o f t he p i s ton itself is desir eQ , t ho n a th ird Quartz 
c ~ aDbe r b econes ne c e s sa ry . In t h i s ~ann e r, it i s p o ss ible 
t o stud y the eff o ct of overh e at e d sp o ts i n t h e we lls o f 
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t ho c oobu s ti on c h ambe r. Fo r fue l r esearch , t his method 
of fe r s no t ab l e p r ospe ct s . 

The r e c orded tiDe l i f f e r euces ob t a i ned f o r d i f f e r en t 
f u els u nde r o t he r wi se i den ti c n l op e r a t i n g cond iti ons a f
f ord a sa ti sfac t or y su rv ~ y , a~ fi gl r 8 1 4 i nd i ca t es . The 
s c a tt e ri n g of the i nd i v i dua l tes t po i n t s in this pic t u r e 
was t o be expe ct ed , s i nce ea c h test po i n t wa s de t erm i ned 
f rom a sing l e op e r a t in g cycl e . So , i ns t ead of ave r age 
va l ues , these a r a i ndi vi d u a l measuremen t s wh i ch mu s t scat 
t e r, f o r t he ve ry r eason t ha t t he COCbus ti on p r o c esses f o r 
t ho i nd ivi d u a l opo r n ti ng c y cl e s a r c d if fe r ent , as a lr eady 
i no.. i c (1, t 3d .. B;y fo r o i n g an ave r e.e; e 0 YO r a Gr ea t e r n UITI b e r of 
cycles , vrit h SOIDe k i nd of a t est set - up (\s , f or i nstan c e , 
i s i nd ic ~ t ed in fi ~ure 17, f e irly prac ti cal r esult s can be 
obt a i ned . 

The r e c o r d i ng o f t ho inc i pient knock osc i l l ation , say 
i n deg r e o s o f crank s e tti ng , wi th on l y one quar tz chambe r, 
g ives r ough r efe r ence v a l ues for t he knock i ntens i ty , bu t 
r est rict s t he ac c uracy seve r e ly , bec a use the t i me wh i ch 
t ~e p r ess ur e wa v e consuc es to sp r e ad f r om t he knock c en t e r 
t o the qua rt z c han be r ente r s as a oeesuri n g a r r or . 

Note 3 . D FJ t e ro inatt.Q.~., of co r;lb uet i on tiDe .• - F i E; u r e 1 5 
shows a cy li nde r head o ~ the I . G . t es t e ~gine with tw o 
ioniz a ti on gap s , spa r k plug , and a qua r tz c hambe r, wh i ch , 
how ev e r , se r ved me r e l y fo r che c k t e sts . From t he po i n t of 
vi ew of g r ea t es t ac curac y as well as possib i lity o f p r e 
d i c t ing combus tio n pe r io Qs i n no r mal , i . e ., non - kno c k i ng , 
ope r a ti on , the i oniza ti on gap I shoul d be l oca t ed as cl ose 
as poss i b l e to t he sp a r k p l u g , ant gap I I as fa r away f r om 
i t as p os s i b l e . The de t erm i na t ion o f the i ns t ab i lity of 
t he c ombust ion per i ods due t o knoc~ i ng combus ti on i s con 
t in gen t u pon t he o ri g i na l f l a me f r o n t st ill be i ng be t ween 
t h e t wo i oniza t i on gaps wh il e t he auto i gn it ion cond iti ons 
a r e r eached . F i gure 1 6 shows t he time r a t e o f t ~e v o lt age 
drop c a u sed by t h e i on i z a ti on gaps duri ng a cy cl e . Si nce 
t he i on i za t ion gaps a r e r espons i ve t o the h i ~h c ombust i on 
t ampe r t u r e s , t he vo lt ag~ drop becomes sudden l y ve r y small 
when r eached by t he f l ame . 

F i bur e 1 7 ill ustr~tes a test circuit for determ i nir.g 
the combus t ion pe ri ods . Th e abrup t voltage change p r o 
duc ed when th e f l RCS r e a ches i on i za ti on gap I - i . e ., a t 
i nc i p i en t c ODb us ti on - i ~nites a g ri d cont r ol l ed ~ l ow t u b e 
A p r ev i ous l y c u t of f by ~ ne g a ti ve g ri d b i ~s . The co n 
s t an t B c urr en t , no t affe ct ed by changes i n g ri d vo lt age , 
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heat s resistan ce 1. Then g low ' tube B is ignited by ion
ization gap II , thus heatin g re s i s tan ce~. Then both cir
cuit s are s i mult&.ne ou s ly op ened by nwitch S whio'h is ac
tuated from the cr ankshaft . Since both circuits are tune d 
for equal curr en t flows , th e t omperatur e di£ference between 
resist an c es 1 an~ '2 is an indication of t h~ time by which 
ionizatio n gap II la gs behi n d gnp I. But that i s t he v ery 
ti me l apse of th e fl ame for passing froQ ionization gap I 
to II. Th e t empe r a ture difference between the r esistances 
1 and 2 is r ecorded by thermoc oupl e with t he hot junc ti on 
at a and the cold junct io n at b . Thus the def l act i on of 
t he millivol tme ter is p ro portional to t he co~bustion tice , 

' it -r e cord s average values . Figure 1 8 g iv e s th e r esul ts for 
various fuel s . One i cpo rtant fact bioughtou t i s the sudden 
change i n combustion time at a cert a in com pr ession r at i o of 
all fue l s , o r in other words , that in thi s manne r it i s pos
sible t o as c e rt a in t he c OQpr e ssion r at io of any fuel a t 
which auto i gn iti on conditions are re ached and beginning a t 
which part of t he char ge i s burned with knock i ng • 

For an a pp r a i sal, it cert a i n ly i s i mp ortan t to know 
t he comprcssio~ r a tio a t which the b end i n tle curv e 
occurs . It indic a t es the ~ll owabl e he i ght of compression 
b efore the kno c k limit i s r e a c h ed . Then the anglo formed 
b y the two b r anches i n the b end i tself appea r s to be of 
i mpo rt ance . It is to be exp e cted that it supplies i mpor 
tant r efe r ence poi~ts f o r t he knock te nden cy of the fuel . 
This qu e s ti o~ is n o~ bei ng i nvesti g~ted by the I nsti tute 
f or Aut ooo ti ve Eng i n ee ri ng of the Dr esdon T.S., whose 
fi nd i n gs are to be published in the very near future. 

Fi gu r e 19 illus tr ates t he r esults f o r a b e nz i ne, a 
be nzo l, and 8 benzine - benzo l n ixture . It is plain that 
t ho l oc ~ tion of the ben d as we ll a s t he afore - cent i oned 
an g le c h an g es . I n fundal.l entall y t he saoe nanne r, it is 
p oss i b l o , of c ou r s e , to p r edict t he effect of spark advance 
on t he kno c k , as i s i ndic a t ed in fi ~ure 20 . 

The l ay - ou t, (fi g . 21) :V' 3.S use" to dete r n i ne the scat 
t er of incipient combustion and of ignition toward the top 
center . In these tests t he glow tube 'lIas tripped by the 
spark- plug voltage or the ionizatio n ga p right next to the 
spark plug , wh il e the swi t ch S wa s always open ed a t t he 
s ame cr ank se ttin g . The tests r evealed that the mean val
U 8S for i nCipient i gn i tion and in c ipi en t combustion have 
no me as ur able difforence s . 

In consequenc G, it seems l og ic a l to defi n e th e com-



---- -- ------------ ~--------~~------------------

10 N . A . C.A . To c hn ic a l Memo r and. um ·N o . . 93 6 

b us tio n ti me by t he de t e r m in ~ t io n of t he co mbustion end 
o n l y , because · t he incipient cci mb ust ion it self do cs not 
mea su r a b l y 6han g e . 

Fi gur a 22 i nd ic \t o s t he fundamenta l c ourse of t he 
tes t dn t n o~ t o. i ned with t h i s e quipme n t . Theydiffe r 'from 
t ho se sh own before only b y a d educted con stan t a nd t h e 
f a ct t ha t i he co mbus tion time was r e cord ed - a t const an t 
spee d i n d~gre e c r unk setting - clockwise and again an ti
clock ·r i s e . 

Th e principal advant ages of the I ns t- dcs cri bed t es t 
equ i pmen t ac crue f r om its s i ng l e ioniz u tio n gap , i. e ., i t 
r oqu ir e s onl y on e ho l e in the cylinder head , and its sim 
:ol icit y . 

The adv nn tago of the t 0 s t m0 t hod itself consis t s in 
makin g it pos s i bl e to asc e rt a i n wh ether an engine tir a 
c e rt a i rr cylinde r of an eng i ne kn ocks or no t, Bnd that t he 
t h us - ob t a i nud kno c k - limit v Rlues a re subst ant i a ll y mo r e 

.ec curate and ~ e pen~able t han t h o sQ obtained by ot he r meth 
od s . The p r e diction of th e char ge por tion wh ich bur ns 
knock in g a nd defi nes t he kno ck i ntensity , i s v e r y eas ily 
p o ss ibl e , if the co mbus tion ti me i s measured for d iff e r
ent co mpres s i on r at i o s or i gni ti on advan c es . 

Tr an slat io n by J . Van i e r , 
Nat io na l 4 d visory Comm itt ee 
f o r Aeronautics . 

• 
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Figure 7.- Pressure carda for 
knocking combustion. 
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Figure 9.- Maximum rate of pressure 
rise for different fuels . 

Figure 12.- Quartz chambers in 
cylinder head. 

Figure 15.- Ionization gaps in 
cylinder head. 
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