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LASER—RAMAN TECHNIGUE FOR DETERMINATION OF PRODUCTS
CONCENTRATION EXHAUSTED FROM 1.C.ENGINES

Gl =) 2T e Lealadl psl gult S 5 uled b el tasl ol shond

a.A.Descky ,M.I.Abo El-Maaty and M.Hamza, Faculty of Engineering
Manscura lUnivaeralty
A. M. Dkkaz, Math, and Phys. Dept. Alexandria University Faculty of Englneering

Leatadl §1 Fadl palpi plad b et sl plasent gzl dl 1aa - lola
oSN aST Usly crenST1 plod (e plBedl Gumbs a3 o GBI 1R =t e
el p5y poasS p ATTUA 29— Jobe  He - Ne ) ploabseis 1.:4u..;..|.._.|....-.-
iy r_.n:ua~J| bam b psy . E;'J*J'Lhﬁb‘ olbs rlJﬁ;—ITlrlﬂJJL+ Eul__J
i lmaa i wlaged] Jody Slad el aa Y N T T E.‘:l_‘..JI l..l..-‘:J‘ c."...v._‘._l Y
PRTE QRCTRL E8 A il pe JRTanl Ly ssa e s Sl iplas b dpt,
1Sl G GH g day s b ) gl plbo ) ] ae of et cadt 1aa e liede,
g —a gl plmadt 1o f Vil 1223y '._,q.l_.....Jr Sare Galdadl peidly g yesad)
2 ke 8313 mlaadi a1l i Yo x Tas grlaeddl ey ol g el ol
A Sizadl dal o had bl plbidio oG oSy of oSer Wiy dda T o: Y
G 13y hada dyod. ) iAol pn pas gecandt 21 p) thenl e ek St
. m it Ayl 33

ABSTRACT

In thls paper, the Laser Raman technlgue for the
measurements of the species concentration of the gases exhaus ed
from I.C Englnes 1s presented., An appllcation of the method Iur
oxygen concentratlon by Raman spectroscopy has been made.
Experimental data obtalned uslng He-Ne laser beam with 632.8 nm
wave length as a source are presented and compared with
conventional method for analysis. The maln parameters and outllne
of the apparatus are descrlbed. An oxygen analyzer has been used
to evaluate the results. The resylts show a dood agreement as
compared wlth the results measured by the oxygen analyzer. The
Laser-Raman technlque proved very rapld for measurlng the specles
concentration of the exhaust gases. For example, the measuring
time when using the oxygen analyzer ls approximately 2-3 mlnutes ,
while by Raman technique ls sllghtly more than the response tlme
of the photodlode detector whlch 1s approximately 250 nano
seconds. The problems aasoclatad with thls experlmental work are
the - low 'cross sectlon area of Raman acattern, the low laser power
gand the low sensltivity of the amplifler,
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1-INTRODUCTION

The surrent method of the detection and measurements of
comhbustion praducts eshausted fram internal caombustian engines is
based on sampling af these products fallowed by subsequent
analysis in laboarataries. Thae main disadvantage of this method is
in the long period e:pended in data callectian during which
thermal and chemical variations may distart the actwal pallutants
cantent. '

Laser—Faman methad of the detections  and identification aof
the products af combustion has the advantages af remate
contraolling and the capability of canducting a qualitative and
gquantitative analysis of these praducts. It is alsa more rapid
than the classical chemical methods. Another advantage for this
mathnd is its independence of excited wavelength {(laser) of Raman
spectra. Thus, we ran use any one wavelength laser to measure the
concentrations of any malecule in the exhaust praducts. However,
the most significant limitations of this technique arise from the
low crrss section from Raman scattering.

The Raman effect arises fram intarnal energy changes within
an individual malecules Aas a result af the interactian of its
electromagnetic  fiald with the incident light and is thus

rharacteristic of the particular malecular species invalved (1].
The literature in this Field [2.31 indicate that Raman
spectrascapy is & very suitable method far the determinatiao aof
the species concentration of gases exhausted Fram internal
cambustion engines and ather combustion gases praperties such as
temparatura.

Bechtal [4] used baoth Raman and Laser induced florescence for
measurement af the temperature and species cancentration profiles.
The results show a qgoad agreement between the theoretical

predictians and the measured concentrations of CH4,02,H20,C02 and

OH in several CH4~air flames. In the field of burners, the Raman

spactrascopy is a useful method far  temperature and species
concentration proafiles{S]). This reference used the spantanaous
Faman spectroscopny faor temperature and molecular concentration
prafiles in a premixed laminar flame, generated hy a multihole
hurner. The results nbtained by using chopped Ar ion-Laser beam as
a source.

The aim of this wark is tao investigate the measurements of
combusticon praoducts exbausted fram internal combustian engine by
using Raman gpectrascapy. The emphasis will be directed for the
measurements of (0, and CO. The latter has a direct impact on the

environment and cambustian efficiency.
Z2-EXPERTMENTAL ARRANGEMENT

The Raman experimental set-up used in this work +ar
maa wemankts af 02 and CO cancentrations exhausted Ffrom intarnal

catgustian engine is shawn schematically in Fig.{1). [t consists
af PASZO madel 0s-9171 He-Ne laser. The power af the laser is 0.3
W, tne wavelength of the beam radiation is 432.8 nm and the laser
heam diameter is 1 mm. It is a rather safe unit for using in the
laboratary, hawever, accaording ta its data specifications, one
should never look directly inta the laser bheam, naor should ane
laok inta the reflectian of a laser beam from a mirror. The laser
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b=am cuts ang scatrers the gases =rhauvsted from a single cylinder,
air cooled, faur stroke Diesel engine. The laser bheam enters the
callimataor and wavelength separatar apparatus. This apparatus
collimates also the scattered radiaktion and separates it
accarding tao its wavelength. The detector, which is a phatodiaode
daetectar, mounted in a TOlA style case with end window. It can
detect a rertain reqguired scattered wavelength by setting it  at
certain paositinn n tha wavelength separator’s owutlet. The
photadinde current due to scattered radiatian is the input of the
amplifiar, and the ogutput valtage is measured by the ascillascope.

The photadiode current is prapartional tao the srattered beam

intensity which is propartional ta a cartain species
conepnkratiaon. Thie nutput voltage appears on the ascilloscope is
directly proportional ta the phatadiade current, Then the

oscillascope ogutput is an  indicatian aof a certain molecular
caoncentration of species erhausted fraom the engine.

I-THE COLLIMATOR AND WAVELENGTH SEPARATOR

in our experiments we have designed and constructed the
rallimatar and wavelength separatar. This apparatus 1is used ta
avercaome the prohlem nf the detectiaon far a certain scattered
wavelength. The physical idea of it is shown in Fig.{(2] which
illustrates twno heams in the same line with diffarent wavelength
and when any of the two beams passes through a tramsparent prism,
the deviation angle af sach heam depends upaon its refractive indew
which depends upnn its wavelength. Consider y is the angle af the
prism’s head, ¢l is daviatiaon angle aof a beam af wavelength k1,¢2

is the devigtiaon angle aof beam aof wavelength x,, a2 is the

difference hetween the kwo deviation angles ¢2 and ¢1’ are

r r
1z

the refractive index of each heam and z is the distance between
the deviated beams at distance ¥ fram the prism. The required fraom

the desigrn is tn calculate the distance z far 02 and CO malecules.

Accarding ta the fundamental of optics we have the relation,
ap = ow lro - r ) ty)

' But A1=632.E nm is the He-pNe lasar wavalength {(referenca

beam}, the Raman_?pectra far the a:ygen and carhaon monaxide are
1554 and 2145 Cm respectively[447]. The scattered wavelength Ffor
axygen hecomes 701.9 nm and far CO becomes 73Z2.7 nm.

The refractive index for a beam with wavelength &3Z2.8 nm in
the prism’s matarial r1=1.519, rafractive inderx for wavelength of

701.9 nm (02} is 1.51 and the refractive index for wavelength of

- em—

732.2 nm (CQ) is 1.904 [Al. Then in the cases nf 0, and CO fram
Fa

equatian (1), where y =40 deqgrees,

AP {Uzl .54 degree {Za)

Ap (CO) o.7g * " {Zh)
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Thus, the distance = fr the two cases can be calculated
knowing that the distance ¥ in our apparatus is equal ta 350 mm
and =Y tan{Ag¢). Then ztuzi =23.% mm and z{CO)=4.8 mm. Tha pasition

af the phaotndiade detector is .5 mm fram the laser heam in  order
to measura the auygen concentration and 4.8 mm foar sarhon manaxida
datecting. Fig.(J) shows a schematic diagram for the constituent
of the callimatar and wavelength separator. In this work the
apparatus is adjusted in arder to make the distance between the
caollimating lens and the measured paint is egual ta the focal
length aof tha cnllimating len=,

4-EXPERIMENTAL RELATION

Cansider gm tno he the intensity of the eucited beam (]laaar
beam) in mW/cm and Al is the acattared power within an element of
snlid angle, Then we have the relation [9]):;

HF= TIa MO tds /) mht R S |

Wherm, M ia khe nomber of molecales in kthe seasuraed  valume (V)
A%/ is the Faman scatbering cross sectinn within & an element
af solid argles and G is the salid angla of the collimation.

Considar AL{D) to he khe power incident an the detactor which
must h= {=ass  khan I in eaguakion(3) bacause af collimation
afficrency nf abmat 9.% [AT in Phis oxpariments Fhen,

ATINY= 2.9 TAa N (A5 7d0 ) my {4}
and the datberckigan e ACD] can he intraduceds
¥
ATIDI=(O_ F/A(0)) JTa N QO {45 /a0 mW/cm? {9}

and intraducing the phatadiaode specificatiaons, then id, which is
*he leakage current wikth T{D} inmidant Jight zan be writtan as;

id= (3T, Z/0D)1) In MO S /00 Y mA £=D

and tntrndaccing the relabion hetwasn AVYa  ard id from the

Aamplifirr characteristincsg
Al

AYo= (1.665%17 7/ AID)) [a N QO (dé /a0 1 mv  (7)
wherm AV i3 Fhe inrrgasing af the Gutput volitage.

Tha mzasurard yaleme (+!) in the eavparviment i3  approximataly
O.7% e, Comsider in bhat vatome, Fhe total  pumber of molecules
NE, wher=a NE rntains the measarsd  molecoales and the akhers.

Oreeling Lo thea oquatinn nf <faleg
FU= tnt R T/ Nov) q)

whera P is tha gos pressure {f a&g.], v a measured volume, Moy the
Avogadrn’s numbher (6.07Z2045910 malescule/gqm.mole), R is thea
niversal gas canstant (097 ata.lit/gm mole. K) and T is the
+emparature af the measured gas.

19

Then; ME = F.O5R10 molacirle . (M

w
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Consider @ the percentage molecwlar of the measured gas, then
w=100%N/NE i A(D)=0.00795 cm.cm we get;

w = 4.49910° 27 15 Ava t1/(46/50)) (1o

ITn this wark, the =snlid angle is the ratio between the
diameter af the collimating lens and its focus lens which is equal
ta 0.5472. Far He-Ne laser Jo equal to &F.7 mW/cm.cm, then
equation (10) bacomas;

="
i = [.Z4xnn 77 (AVa/(dE /00 Y K (11
Equation{ttl) is the general evperimental relation in this

-wark. It is uvuseful for detecting any molecules according ta its
Raman crass section area (d5/K1). For aoxygen measurements the Raman
-

cross sectian area is egqual ta 1.23 “'Cm“/Sr.[&%7]1., then the
general eguation{ll] becames:
@ = 10,1 AVa (12)

Equation (12] ia the our euperimental relation far measuring
the percentage oxygen cancentration, » where, the quantity AVo is
the increase in the output vaoltage abhove the naise of detection
circuit in mV.

S—-RESILL.TS AND DISCUSSIONS

The results shawn in Table 1. illuatrate the quantities
measured by the oscilloscope ( AVao) in mY and the oxrygen
concentyation measuread by the Owygen analyzer at different
engine loads. We natice from the results in the table that the
measured values aof AVa is a gaad indicatian for axyqgen
concentration, where AVa increasea with the increase of the
asygen concentratibn. This ig bec avga when the axygen
cancentration increases, the scattered radiation intenaity
increases. Then the diode current then increases which causes the
increase of the output voltage [ AVal.

Fig.{4) shows a —~amparisan bhetween the quantities af » which
is calculated fram Faman technique and that measured by the oxygen
analyrar. [t can be seen fram the results shown in the figure that
the values aof low ouygen concentration ( x ¢ 2.5%) da not agree
with the meagured values by the axygen analyzer. This is due to
the laow sensitivity af the ascilluscope and the lower power of the
laser used.

Fig.{35) shows the calibration curve (solid curve) which is
the relation between the increase af output voltage (AVa) and the
values aof anygen cancentration measured by the axygen analyzer The
curve indicateq the <alibrated wvalues of auygen cofcentratian
correspanding ta the increase of the output voltage {(AVa). In thais
figure, the dashed line ia the calculated ane corresponding to the
erperimental relation{12). The rasults shown in Figs.(4 and 3)
show  that the Raman techbnique is wvery valuable for oxygen
concentratiaon measuregments. The senaitivity aof the aressnt
apparatus fails far values less than Z.5% and that is not a defect
in our technique . It is just the sensitivity of the oscilloscope
is nat suvitable far valtages lems than 0.1 mV.
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CONCL USIONS

In this wark, we have usaed the Raman technique to measure the
species cancentration af the gasas exhausted fraom intarnal
camhustion engine. The Ffallowing cancluysions cauld be made;

1.The Raman technique is very mare rapid than eitharr the
classical chemical methads ar the axygen analyzer techniques. The
measuring time af the agxygen analyzer is about 2 minutes and in
the classical chemical methods is mare than this time. In Raman
technique the measuring time is slightly mare than the responaa
time af the phatadiodee detectar. This is appraximately 250 nana
sacaonds. This mare rapid toal helps us ta measure +the instant
change in species cancentratian such as engine start and the
sudden variatiaon in ita laad.

Z.This technique is applicable tao mgasure the concentratian
af any malecule exhausted from the internal combustion engine by
knawing the Raman crass sectian area of the scattered malecule.

I.The callimatar and wavelength separator designed and
constructed in +this work are available Ffar collimating the
scattered radiatiaon fraom a certain paint and separate it according
to its wavelength ta a certain paint at a distance {z) Ffram the
laser beam (warks as monachramator).

4.The prablems of this experimental wagrk are the loWm crass
sectiaon of Raman scattering, the law power of the laser and tha
lgn sensitivity of the ascilloscope. These problems made the
taechnique nat useful ta measure the law cancentration of the
gases.

S.As a future wark, it wauld be uyseful ta get a high
sensitivity measurements af the species concentratiaon. These need
pawer pulsed laser, manachramataor and suitable amplifier .

NOMENCLATURE

ALD} Detectian araa

1 Intensity af 1light

i Electric current

Ia Lamer beam intensity

id Diode current

Naov Avagadra’s numher

Nt Total number af molecules

P Gas pressure

R Universal gasa constant

r Rafractive index

T Temperature

t Time

v MHeasuring valume

Va Tha cutput wvaltage aof tha amplifierxs
H Fercentage gas concentration in & mixture
Y Diatance from the prism and the wavalength separatar
z- Distance from the detector pasition and the laser baam
¢ Deviatian anglms

¥ The angla of the prism head

A Wavelangth
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& Cross sectianal area of scattering

0 Salid angle
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Table 1 QU;, Calculated values fram Eq.{12) and the values af

# from axygen analyzer at different engine loads

Engine laad (%) AU;(mv] ‘ Calczulted = Measured x
a.0 0.4 a.0k4 &35
25.0 .45 4.545 4.4
50.0 .35 3.535 3.3
75.0 0.3 3.03 Z.55

100.0 .3 3.03 2.1
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EXHAUST

BEAM vl COLLMATOR AND
~MWAVELENGTH SEPARATOR

He-Ne LASER

INTERNAL

COMBUSTION N4

ENGINE

A

OSCILLOSCOPE ~<{AMPLIFIER —« DETECTOR

Fig.{ I) A schewalic Diagram of the Set up of Lhe

Evperimnent,
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Fig.( g ) A Schemalic Drawing Shows the Physical ldea ot

the Wavelength Separator.
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