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ABSTRACT

This paper provides a new measuring technique to
obtain the concentration and temperature field of a un-
symmetrical three dimensional transient diesel spray by
the laser interfero — holographic and tomographic analy-
sis. The theory to get the concentration and temperature
distribution of a spray by laser technique is stated in de-
tail. The experimental installation and optical system are
given concretely. Finally, the test results are analysed

satisfactorily.
INTRODUCTION

Spray combustion is the main combustion approach
in the diesel engine and some thermal installation using
fuel burner. The concentration and temperature distribu-
tion of the diesel spray plays an important role in diesel ig-
nition and combustion. The development of laser tech-
nique provides an advanced measuring tool to detect the
concentration and temperature distribution of the fuel
spray. Arcoumanis™’ adopted Rayleigh scattering tech-
nique to investigate the concentration and temperature
field of a spray in an actual diesel engine. Dent®® used the
laser interfero—holographic technique to measure the fuel
spray distribution in a test bomb. But, all these studies
were proceeded under two dimensional spray condition.
In this paper, the measurement of the concentration and
'temperature field of the three dimensional transient diesel
spray by the laser interfero—holographic and tomographic
analysis is proposed and realized to provide an effective

and complete measuring technique.

THEORY

The theory of the laser interfero — holographic and
tomographic analysis to measure the concentration and
temperature field of a three dimensional diesel spray is
based on the interference fringes formed by two laser
pulses, one pulse passes through a space with the ambient
air, the other through the same space with the spray to be
measured. The difference of the refraction index of the
ambient air and the spray field, between two explosures
of laser pulses are recorded by interference fringes. Ac-
cording to the relationship among refraction indexes, con-
centration and tempereture by the Gladstone— Dale rule,
the concentration and temperature field of the spray can
be solved. Because of two laser pulses take same optical
path, the quality of the optical elements and windows can
be lowered. Also the operation of the experiment is con-
vinient and the test results can be reserved forever for
analysis.

The optical path difference between two laser pulses

passing through the ambient air and the spray field is
Q5=J nlz,y,z) — nylds (1
L

where L—the distance penetrated by the laser
n(x,y,z)— the refraction index of the spray field
n,—the refraction index of the ambient air. It corre-
lates with the fringe order in the interfero—hologram as
P=L-N (2)
Here A—wave length of the laser, N—fringe order. Ac-
tually, the interference fringes can be considered as the
projection of the spray field along the laser direction. The

reverse of Eq(2) can obtain the original spray field from
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the projection. In fact, the reconstruction of the three di-
mensional spray field from the interfero — hologram is
based on a number of interfero—holograms obtained from
different laser directions, then to seperate the three di-
mensional spray field into a set of parallel sections which
will be reconstructed tomographically. So, the interfero—
holographic and tomographic technique is nominated for
such a kind of interfero—hologram reconstruction.

If a section Z=17Z, is taken in a z direction as in Fig.

1, the optical path difference would be

©(p,8) =j Cn(z,y,z) — m0))ds (3)
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Fig.1 The section of three dimensinal spray field
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Now, a suitable transformation®” is adopted as in

Fig. 2, we have

P(p,8) = ﬂu—m(n(r,y) — n,)0C0 — rsin(¢-8))dzdy

(4
Its reverse transformation™ is
n(r,¢) — ny =
1 [T, (T aD(e,) dp
Bff-;de J‘-w do rsin(yp —4) — o 5

Let o, =rsin(P—18) and assume the maximum radius in
the z=z, section is Rnu» then

n(r,¢) —-—*~ [(ﬁ)dﬁ (6)

Here.
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From (6), we can see that in order to obtain n(r,¢) it is
necessary to acquire a number of interfero—hologram da-
ta from different observing angles within the range of n.
If the observing angles with an equal interval are taken in

the experiment, then

——2-—6 O e < B 1<62~=—’2’— (8)

Apply Simpson approximate integration, we get

n(rsd) = 127rN Zo
((Gy) + 41(0yey) + I(8si12)] (9)

The data {®(p;, 6)} obtained from the fringe location in
the interfero — hologram are the discrete values which
should be treated by curve fitting to get the values in Eq
(7). In other words, if the different interfero — holo-
grams have been got from different observing angles with-
in the range of = and the fringe locations have been read
in the interfero —holograms, then the change or the dis-
tribution of refraction indexes of the whole three dimen-
sion spray field can be deduced. Considering the precision

and the amount of calculation, the observing angle with
an equal interval 6=—g— is decided which may be the most

suitable angle for computer simulation.

After the refraction index distribution of the spray
field is determined, the concentration and temperature
field can be calculated from following four equations®’;

n - n,

C = __ — —

E( 1) = =)

Mo — Mg 0 Ki
(G — DA kot -7 E -0 ao
T =CTs+ (1 —C)T, (11)

C, = <M'> <——-————> /01 + (M’> <-——5?>J

(12)
€ _oTe=T (13)
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here n—the refraction index of fuel vapour
n,—the refraction index of air
K;—G —D constant of fuel
K;—G—D constant of air
C;—mass fraction of fuel
C,—mass fraction of saturated fuel vapour

M;—molecular weight of fuel



The scheme of Radon transformation

Fig. 2

M,—molecular weight of air

p;—density of fuel

po—density of air

T—temperature to be determined
T,—initial ambient temperature
T.,—saturated temperature at fuel surface
P, —saturated vapour pressure

Pr—ambient pressure in the bomb

o

Ce—average specific heat of fuel —air mixture
hie—latent heat of fuel at saturated temperature T
There are four unknows Ts, C,;, C; and T in the
four equations. After solving simultaneously, C; and T

can be found.
EXPERIMENTAL SET AND OPTICAL SYSTEM

Fig 3 shows the experimental set.

The DC motor 1 drives a fuel pump 6, which pumps
the high pressure fuel to an injector 10 through a pipe 9.
The control system 13 and the electro — magnetic con-
troller of the fuel pump rack 7 manipulates the single
pulse injection and the amount of fuel injected respective-
ly. The combination of the control system 13 and an an-
gle indicator 12 can determine the time of laser pulse emit-
ted. The gas temperature in the bomb can be heated by
electric heater 20, which is adjustable by a regulater 14
through changing the terminal voltage across the heat re-
sistance. The cooling water, led by a water jacket joint
11 prevents the air block in the injector after heating the
bomb. The gas temperature and pressure is monitored by
a thermocouple 17 and a gauge 16.

Fig. 4 indicates the optical set of the laser interfero-

holographic and tomographic system.
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Fig. 3 The scheme of experimental set
1. DC motor 2. fuel pump camshaft 3. filter 4.n—neptane 5. diesel fuel 6. fuel pump 7. electromagnetic
controller 8. pressure sensor 9. fuel pipe  10.injector  11.joint of cooling jacket  12.angle indicator  13. con-

trol system  14. temperature regulator

couple  18. high pressure air bortle

22. intake valve

15. high pressure and temperature bomb

19. high pressure nitrogen bottle

17. Thermal

21. exhaust valve

16. pressure gauge

20. electric heater
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Fig. 4 The optical set of the laser interfero—holographic and tomographic system.

1. double pulse ruby laser 2,3,6,7 reflecting mirror

9. holographic film 10. injector

THE IMAGE PROCESSING OF LASER INTERFERO—
HOLOGRAM

Because of the enviromental disturbance in the exper-
iment the interfero— hologram of the spray, the laser in-
terfero — holographic and tomographic technique always
bring in some unavoidable noise level. It will make great
difficulty to calculate the concentration and temperature
field from the interfero—holograms. In order to solve this
problem, a system of image processing by a computer to
process the interfero — hologram is developed. Fig. 5
shows the block diagram of the system. The main points
of the system are:

(1) reduction of noise by K — most neighboring
weighting average method

(2) image enhancement by histogram equalized

Storage for

) Jvideo [A/D converter| |4 images
image N
'camera ’.110 MHZ 8bits |[*512X 512
X 8 bits
(386
" |computer
~—D/A| — [RLUT—
_ video
image
g_ ~—+—[D/A]— [GLUT} checking
monitor
table
—D/A] — BLUT~
Fig. 5 The block diagram of image processing system

4,8. expander —collimater set 5. high pressure bomb

(3) multt — threshold method to keep the object
seperated from the background

(4) three point imitation curve method to thin the
lines

After these approaches have been adopted, the clear

images are received.

EXPERIMENTAL RESULTS AND ANALYSIS

In order to obtain a three dimensional concentration
and temperature distribution, we measure the overlapping
zone of two adjcent hole sprays of a medium speed locomo-
tive diesel injector. In these types of diesel engines, the
inlet swirl is relatively lower, therefore the mixing rate
and combustion is more dependent on the fuel distribu-
tion, atomization and evaporation. The measurement of
the concentration and temperature field of two adjcent
hole sprays will make contribution to study the mixture
formation, ignition and combustion of the low and medi-
um speed diesel engine. Table 1 lists the specifications of

the injector.

Table 1 specifications of injector
Diameter of fuel pump planger Z18mm
Hole diameter of injector @50. 3mm
valve opening pressure of injector 25. 5MPa

Fig. 6 illustrates the coordinate system of the experi-
ment. The hole of the injector is located at 0 and the axis

of injector is perpendicular to the Z plane. The interfero~



holographic pictures will be taken consecutively from sev-
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plane, it only needs to take pictures in four directions (8=

r )
» % ). Because of symmetry in the

_-—7;-, —5-3(- ) —%, 0) to get whole information of the o-
riginal field. During the experiment, only the injector is

revolved —- after finishing one operation in order to keep
6

the optical set unmoved. Fig. 7 presents the interfero—
holograms when §=0 (ambient temperature 453K, ambi-

ent pressure 0. IMPa)
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Fig. 6 The coordinate system of the experiment.
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Fig. 7 The interfero—hologram. =0

Fig. 8 are the interfero —holograms of Fig. 7 respec-
tively after interference fringe processing.

Now, take z=10mm, z=15mm and z=20mm three
sections to acquire the data and calculate the concentretion
and temperature distribution of two adjcent sprays. First,
read N(p;, 8) on the interfero —hologram at a different
angle direction in the demanding section. According to Eq
(2), find out ®(p;, 8. then make curve fitting and sub-

stitute into Eqs(7), (9) to obtain the difference of refrac-
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tion index n—n,. Finally, solve Eqs(10), (11), (12)
and (13) simultaneously to get concentration C, and tem-
perature T. Fig. 9~Fig. 11 show the iso—concentration
and isotherm in three sections (z=10,15,20mm) at am-
bient temperature 453K and ambient pressure 0. IMPa.
From these figures, some rules can be observed that
the temperature of the spray is increased with the increase
in the radial distance, but the concentration is decreased.
Both the concentration and temperature gradients are de-
creased with the increase in the radial distance. As the
spray pushing forward, the cross —sectional area will be
expanded and more air is entrained to decrease the concen-
tration and to increase the temperature. Neverthless, the
concentration and temperature gradient along the radial
direction will be decreased as the spray penetrating for-
ward. The concentration and temperature of the overlap-
ping zone of two adjcent sprays is commonly influenced by
two sprays especially near the injector hole. So, the con-
centration of the sprays near the injector hole are greater

than the far end.

T .
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Fig. 8 The interfero—hologram of Fig. 7

after image processing

(25.0,10)

10mm

Fig. 9 Isoconcentration and isotherm of two adjcent

sprays in the section, z=10mm
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10mm
Fig. 10 Isoconcentration and isotherm of two adjcent

sprays in the section, z=15mm

® (50,0,20)

s

10mm

Fig. 11 Tsoconcentration and isotherm of two adjcent

sprays in the section, z=20mm

SUMMARY

(1) The measurement of the three dimensional con-
centration and temperature field of the transient spray by
the laser interfero— holographic and tomographic technol-

ogy is a very effective measuring approach.

(2) The delicate design of the experimental installa-
tion including the optical system and the reconstruction
system makes the whole set to meet the measurement of
the three dimensional transient spray satisfactorily. The
improvement of laser module output and precise image
processing of the interfero — hologram provides the good
conditions to run the experiment smoothly and to get the
better results.

(3) When the spray moves forward, the concentra-
tion of the spray will decrease with the increase in the ra-
dius of the spray, but the temperature variation just oppo-
site. Their gradients are decreasd with the increase of the
spray radius. The multi—hole injector will create an over-
lapping zones between two adjcent hole sprays. These
zone will be larger near the injector.

(4) As the ambient temperature rises, the concentra-
tion near the spray axis will decrease and the temperature
will increase. The overlapping zone of two adjcent hole
sprays will increase. Both the increase in the tempereture
near the spray axis and the overlapping zone are less than

that of ambient temperature.
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