Available online at www.pelagiaresearchlibrary.com

< f Ex
P p AU \p@{;’_

R 1 R /&ﬁ
AN~ 2
~..I._R|i_ Pelagia Research Library =
A — J &
European Journal of Experimental Biology, 2012, 25):1807-1819 ji'gyi?g?,\é':

)

7. \
Pelagia Research

Library

ISSN: 2248 —9215
CODEN (USA): EJEBAU

Library

Modeling and Experimental Investigation of Injection Process in Micro motor
Combustion Chamber of Liquid Fuel Missile

M. Najafi*, B.Elhami?, F. Ommi*, V. Faraj Pour®

'Department of Mechanical Engineering, Tarbiat Modares University (TMU), Tehran, Iran
“Shahid Sattari university master, Tehran, Iran
3Mesbah Aerospace Organization, Tehran, Iran

ABSTRACT

Injection process and its modification in missile motor combustion chamber are one of the most important
parameters in combustion process, stability of combustion and the value of propulsion that depend to some factors
such as: the type of injector being used, injector arrangementsin injector plate and the type of combustion chamber.
Unbalanced and no uniform distribution of fuel and undesirable size and velocity of spray droplets which cause
asymmetric spray and imperfect combustion that in critical state will cause fracture and explosion of combustion
chamber [1].In thisarticle, in order to exact investigation of injection in missile micrometer, initially some concepts
including: injector, injector plate, jet break-up theory, atomization and atomized spray parameters are described.
Then by designing and building of combustion chamber model, experimental and numerical injection parameters
from viewpoint of macroscopically and microscopically are scrutinized. In this case, due to advantage and vast
usage of centrifugal injectors and because of distribution and more desirable uniformly injection in circular injector
plate which in previous researches are done, have been used. To validate the injection process and spray
characteristics which are measured in Cold-Test and PDA laboratories, the results are compared with numerical
modeling and previous resear ches.
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INTRODUCTON

The function of the liquid fuel missiles enginesvery depended on injection characteristics thatpgoduced by
injectors. The method of fuel injection in to thentbustion chambers in combustion process is vepoitant.
Because of the complexity and unknowing of the w@@mization, the most of researches have beep fum
experimental in this case. This process is verycGtasmt and its mechanism is not so clear because sbdroplets
are break up and joint again. Therefore, the displdth different sizes produce in this system ttiety are
depended on the initial pressure and temperatunetefor of the combustion and evaporating theptits too [1,
2].

One of the important steps in fluid powdering arnaizing and presenting different break—up modeisspection
of spraying process with experimental and analitio@thods. Producing and providing fuel mixture ttisa
including of oxidizer or Reducer affects
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Accessories of laboratories models

The laboratories models that are used in this tigatson includes: injector, injector plates andntmstion chamber
that are explained below.

Injector is a mechanism for converting the fluidoiroplets and spraying them to the combustiormtiga. The
faster impinging the droplets, the faster evapogathe fluid atoms therefore the efficiency of carsiion is higher
and increases trust force [3, 4]. Figure (1) illasts the using of the centrifugal injector two-gstdls blending.
Combustion chamber model, experimental and numdnjEction parameters from viewpoint of macrosaagly
and microscopically are scrutinized. In this cadee to advantage and vast usage of centrifugattoe and
because of distribution and more desirable unifgrimjection in circular injector plate which in piieus researches
are done, have been used. To validate the injegtiooess and spray characteristics which are measarCold-
Test and PDA laboratories, the results are compaittdnumerical modeling and previous researchesniflistion
chamber model, experimental and numerical injectmarameters from viewpoint of macroscopically and
microscopically are scrutinized. In this case, thuadvantage and vast usage of centrifugal injecad because of
distribution and more desirable uniformly injectioncircular injector plate which in previous resg®es are done,
have been used. To validate the injection procadsspray characteristics which are measured in-Cekt and
PDA laboratories, the results are compared witherizal modeling and previous researches [5, 6].

Fig.1 Centrifugal injector made of brass (includesexternal injector, cap, internal injector and brazed injector)

The arrangement of injectors on the injector pisiteery important. The manner of arrangement tharthe injector

plate in type conical of spraying and impingingflaids is effective. Figure (2) is the schemetlw tircular injector
plate that is used in this project (swirled atom)ize

Fig.2 Internal and external scheme of the circulainjector plate

The model of missiles micro motor with liquid fuékt is made for this project is similar to actoators RD-105
and RD-106. For computing of the combustion charobess section, the computations of injector plaresbeing
used that are diameter of combustion chamber @esion. The value of injector plate or combustibrmber
diameter is equal to 15 cm. Figure (3) shows minootar’'s dimensions.

Fig.3 Laboratory combustion chamber dimensions
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Laboratory experimental tests

These tests are accomplished in two cold — testRIDA laboratories. Cold — test mechanism includésder
pressure fluid container, Nitrogen bottle 40-litEs0—Atmosphere pressure, manometer and regutatoedulating
associate pressure, pressure indicator for enteliffierential pressure on two sides of injectort@lacamera with
fast graphing (1000 frames on per second and 84omegjaresolution), radial and sectional collectds

scrutinizing uniform injection and measuring distriion on two directions -

The PDA laboratory is used for measuring the vé&yomnd diameters of droplets that are sprayeddsva in figure
(4) on collection mechanism.

Fig.4 PDA measuring mechanism

The injector is usually tested by water in injeoti@aboratory. The fluid specifications in the cdddions is water
specification should be used in laboratory envirentriemperature.

In general, the use of oxidizer or reducer foritgsof the injector plate and injection processigh pressure is
very dangerous and on the other hand is impossitda, these are self—flammable therefore teshjefction and
spraying is usually done with water fluid. The altive fluid should be similar to thermo physiaddgion of real
fuel.

The most effective parameter that affect on in@tprocess is kinetic viscosity. For applicationaiforatory fluid
with real fluid oxidizer or reducer the equatiorsused [1], [7].

: * Py
M(fyor0) = My (o) (1)
Pr

Where, T is fluid index that is tested.
MATERIALS AND METHODS

The experimental tests are used for investing efitifiection parameters includes cold—test and P@&hanisms.
Results of cold—test injection include:

Flow-pressure test
This test is done for flow of the injectors on di#nt high pressures. Flow—pressure rates in tagdtiinjectors are
shown on figure (5).

Volume Flow Rate (oc/sec)

Delta p (bar)
Fig.5 Changes of injector flow to differential presure

Uniform injection test
The injectors were tested in uniform injection obats and 10 bars. And also, 6 bars and 8 barsnampiessure. In
paying attention with water volumes in collectartsmbustion the spray distribution diagram is plbtte
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Flow Distribution
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Fig.6 Distribution of injection flow on sample injector in 0 direction

Angle of spray test

The goal of this test is scrutinizing the effectddferential pressure on two injector heads orpprties of injection
and break—up spray jet. One type of oxidizer imjeeind one type of reducer injector are being teatel angle of
spraying in a conic shape is measured and scafiesl.test is done for observation of introducinguicoshape
spraying from contact of injectors on injector plathe angle of spray in internal and externabie8d 70 degrees.

Fig.7 Angle of spray in internal (L) and External R) injectors

Fig.8 Tested injectors on injector plate in P= 10(bars), R =4 (bars)

Testing the flow distribution in collectors
This test is accomplished for output of injectaatplpressure. The graph of flow—injector plate quresis shown in
figure 9.

Fuel & Oxidizer Measurement po=6 bar
300 . . . . . P1=8 bar
i i i i i

250 +-- _.___;_i_ _...__JF:;:__‘__:L_..::'_T_a:__,_._{::_—_-_'_ ——
I 1 I

1 2 3 4 5 6
Element Nomber

Fig.9 Distribution of flow in two sprays of injector plate

Investigation of injection parameters by PDA
After calibration and provision of the system, offas its displacement into two directions X, y froamter to radius
of conic spray with defined steps. The averageb@01points is calculated in each of steps. Theegystisplaces in
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17 stations on each test of injector on definedsaree. In other words the droplet compressibititganic spray and
density of injection are increased through the powfethe laser ray because it is decreased by ctmggand

passing the droplets around the measuring aredef®mine the spray diameter and its velocity avested by this
mechanism [8]. The results of this test is showowdor oxidizer on pressure rangg=P4-6 bars and reducefP

8-10 bars ranges.

Point | X(cm) | Y(cm) U iean Dawpo Dutean
1 1 0 12.203 | 117.984 | 125.737
2 1.5 0 11.123 117.02 123.493
3 2 0 8.79 116.896 | 122.818
4 2.2 0 7.843 116.622 | 122.657
5 2.4 0 7.284 115573 | 121.467
6 2.6 0 6.473 114.338 | 119.566
7 2.8 0 5.674 113.433 | 118.382
8 3 0 5.497 112.449 | 117.055

Table. 1 Results of PDA test for = 6 bars and R= 8bars

The results for mean diameter, Sutter diametewaiatity of atoms are shown below.

Diameter (micron)
ERFE3ZERERE

=]

Distance Along X-axis {cm)

—#— D-mean
—s— D-5MD

Fig.10 The mean diameter and particles SMD for 6 bars and RP=8bars

—a— [ mean —8— D-SMD

0.5

1.5

2

25

Distamce Along X-axis [cm)

Fig.11 The mean diameter and particles SMD for 4 bars and R=10 bars

Flow simulation

Flow simulation is accomplished by CFD that prophysical and Mathematical models and optimum gisate
required. GAMBIT software by means of under-ordensed for simulation and analyzing [9].
» Geometrical modeling (by means of the GAMBIT softa)a

» Spreading of calculation range

» Determining of materials properties
» Determining of proper initial conditions
* Investigation and Analyzing the method (Methodotad)i

* Inspection the results
» Saving the results.

Geometric modeling and meshing the combustion chanelp

Modeling and designing the combustion chamber asvshbelow.

Pelagia Research Library
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Fig.12 Circular injector plate and injectors arrangement (R), combustion chamber dimension model (L)

fig

Fig.13 Meshing the combustion chamber with structual grid solver

Selection for flow solution
One of the numerical solution methods is selecteHIWENT software.

 pressure—base solver
 Density-base solver

Generally the pressure—base solver is used for mpassed flows while the density-base solver id use
compressed flows with high velocity. Both of thesethods are reformulated and progressed for gphia flow

conditions.

Control volume technique is being used for solimgf includes:

« Division of solving range to independent controlwoe with calculated meshing.

* Integration from independent equations on contodlime for algebraic equation with inconsequent preaelent
variables. (l.e. velocities, pressure, temperadmc conservation quantities)

* Linearizing discrete equations and solving linegwagion system to gain new value for independenabkes.

Pressure—Based Segregated Algorithm Pressure—Based Coupled Algerithm

—| Update properties|

U % W Solve simultaneously:
system of momenwm

l and pressure—based
continuity equations

Solve pressure—correction

{continuity) equation

|

Update mass flu, Update mass flux
pressure, and velocity

| |

Solve energy, species, Solve energy, species,
turbulence, and other turbulence, and other
scalar equations scalar equations

= e (o)

Fig.14 Pressure—base solver algorithm diagrams fdwo states, Independent and coupled
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Here, the pressure—based solver couple algorithipeiisy used. This procedure is a usual method argtdsting
the results. Velocity field is gained by solvingthressure equations (corrected pressure equatibims)pressure
equation is received from continuity and momentuguagions, too. So that velocity is corrected byspuee
equation and satisfies the continuity equation. k&¥ag these equations are non-linear and coupleihgprocess
is continuing until the converging is appeared [10]

Turbulence model selection

Improvement of ke models in different turbulence models is usedddoulence flows and improves below [11]:
* Realizable ke model includes new formulation for turbulent visitp.

» A new transition equation for losing ratg {s used.

» This method has high accuracy in forecasting spatgs in planar and circular jets.

» Excellent operation in swirled flow, boundary layeunder reversal pressure gradients, flow separaia
circular flows.

Boundary layer conditions

Preplanning with different types of boundary coiudis is accomplished by these theories [12]:

» Reflect boundary condition for walls, symmetridahis and axial boundaries with reactionary coedfits.

» Escaped boundary condition for all of the flow bdsir{i.e. boundaries with pressure or velocity ispautput
boundary condition in pressure ...)

* Internal boundary conditions for internal boundsu(e e. Radiators and porous spray).

Equations of motion

The fluent software solves conservation of masagps and momentum for all of the flows. The cownaton of
energy equation is added to compress and condutdws, too. The conservation of energy equatiamschemical
mixtures should be solved in a different mannean§rent turbulent equations are required for tiuflows. In
this article the conservation equations for lamiit@ws are determined in inertia refererjt8].

» Conservation of mass equation

a£ . V) =
2+ 0 (1) =S, @

This equation is continuity equation in generalmioand properly for compressible and uncompresdibles.
Source term($) is added mass to continuity phase from the secondcontinuity phase (Because of evaporation of
fluid droplets) and the other terms must be addethé user.

» Conservation of momentum equation
This equation in the inertia reference is:

2@+ =-Tp D rE @

P: static pressure; tension tensorog + F : external forces (due to interaction with non-éombus phase) and

body gravityF : Vector is dependent models (I. e. Porous enwiemts and identified terms by user). The tension
tensor is

?:/j[(D\—/+D\7T)_§D.\7|:| )
K viscosity, I: unit tensor and the second terrRiH equation is thermal volume expansion.
» Energy equation
The general form of energy equation is:
d _ ==
E(pE)+D-(V(pE+ P) = 0. (K DT—Zj:thj + (T V) +S, 5)

Kes: effective conduction coefficient (k+ ks based on turbulence model thatiskturbulent conduction thermal
coefficient.) anqij :is flux influence of materials. Three terms afhti sight of the equation are energy transition for

conduction, influence and viscosity losses, respelgt S,: includes chemical thermal and each thermal resour
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 Transition equations in Multi-Phase of different clemical flows
Multi-phase flows are used in transition equatisolsing conservation equations in multi-phase fipferecasting
Convection-Diffusion equation for k-term and eadfcal mass¢*). The general equation and extended

conservative chemical types is:
2PN = [+ RS +D (M) R (6)
L

R is net producing rate for sympathetic types byntical reaction g—phasey,, is the source of mass transition

between i and j for q to p phase and R is incongsueaction ratea®: is volume fraction for g- phase agd
producing rate by no continuity phase with eacteotksources defined by the user.

Conclusion of numerical modeling

After modeling the injector plate and arrangemehbxidizer and reducer injectors with solid workfteare,
designing and meshing the combustion chamber asdlirgg by Gambit and Fluent software. Flow simigiatwith
desired solver, boundary conditions fluid propastiirbulence model, checking mesh and ..., is édratith
convergence criterions(=10*). Amounts of flow of injectors, differential prese on two sides of injector and
angles of spraying are entry values in this sinfatAt first, the flow simulation is done for omgector and the
gained results compared with experimental amountb @evious investigations then after trusting arpats,
simulate for all of the injectors.

The below selected figures illustrate the simulapoocess from geometrical production to gainedltes

Fig.15 Arrangement and meshing Injectors in combusn chamber model

Palice Traces Colored by Velocky Magndude (mis) May 23.2010
FLUENT £.3 3d. pbos. spe.the)

Fig.16 The velocity and spraying Profiles in the nadle injector
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Sortours of Vislacky MagnRude (mis) May 23, 2010
FLUENT 6.3 (3¢, pbna, 1pe. the)

Fig.17 Counter of velocity magnitude for spraying a one injector

Cross Section of Chamber in Z=33.6 mm

velocity-magnitude

-005

- = 1
-005 0 005

X
Fig.18 Counter of velocity for spraying on top of lhe injector

6.00e+00
b BPY
AR,
5.00e+00 =
.y
Py -
4.006+00 —w = s -
-
- 4 » lo®
Velocity  3.00e+00 5 L
Magnitude .
-
(m/s) - -
2.00e+00
3 -
o
1.00e+00 =
0.00e+00
0 0001 0002 0003 0004 0005 0006 0007 0008 0009
Time (s)

Fig.19 Changing droplets velocity on the time

Fig.20 The spraying profile resulting contact of tv sprays
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Fig.22 The spray contact profile after complete corergence

Partict Trac ored by Vislncity bagritude (mis)

Fig.24 The counter of velocity for the linear injetors on the injector plate
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 Particle Ramigence Time (5}

M
FLUEMT £.3 (3. dp. phx

Fig.25 The complete expanded of the sprays in com#tion chamber
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Fig.26 Graph of changing velocity on y—axis\(/man)
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Fig.27 Graph of changing particle diameter by time

Investigation and comparing the experimental and snulation results
In this section, the numerical results are compari¢hl experimental results. Also, confirming theeat results and
revolving accuracy are compared with previous itigations, Amount of droplets velocity is comparewl two

states ({p= 10 bars , p=4bars} , {p =8 bars , p = 6bars}) are shown in figure 28 and 29.
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—e— Experimental Results —=— Numerical Results ‘

-
N

i
N

.

[N
o

.

Droplet Velocity

T
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Fig.28 Comparing PDA results with numeric results r { pr =8 bars , g = 6bars}

‘ —e— Experimental Results —#— Numerical Results ‘
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Fig.29 Comparing PDA results with numeric results &r {p; = 10 bars, p=4 bars}

Table (2) shows amounts of the mean diameter, ISditieneter and droplet velocity are gaining fronpexmental

and numerical methods.

Table 2 Comparing velocity and diameter in experimatal and numerical solutions

D,,,,(um) Dy (aim)
Experimental Numerical Experimental Numerical
113 80 115 205
Umean Umean i i
Experimental (in/s) Numerical(in/s) Aem) Time(s)
12.203 9.19 1 52107
11.123 5.5 15 10107
8.79 4.7 2 14107
7.84 43 22 162107
7.284 44 2.4 18«10~
6473 4.75 26 20x10™
5.674 43 28 244107
5497 3.9 3 26107

In this research, authenticating and confirming tbsults are compared with Vessalo p. and Ashgr{f14] and
[15]) results that, They use laser measuring insémts (PDA), which is accomplished by Atlantic washing
Institute for (22—N) trust in real missile engirsedione.

Also, in their research, water is operating fluicthiese tests (oxidizer and reducer). The centlfirgector is used
in this test. This figure shows comparing velodbntour with the recent results.
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Fig.30 Compared velocity counter for an injector wih Vessalo . p. results
RESULTS AND CONCLUSION

By means of gained tables and figures, we candird

v The gained numerical results from internal an@ml injector velocity by the time were graphedigure 16 to
20. As you see, the droplets velocity with experitaéresults decreased by the time while the dégtaof injector
increases and misses the initial momentum droplets.

v Figure 22 to figure 26 illustrate distribution aodntact of spray to all of the injectors on thidator plates in
combustion chamber. These figure show injectoraysfitom the beginning to convergence results.

v" Figure 26 shows droplets velocity in injection apr At first step as the droplets velocity decrsasdile
decreasing momentum, then increases suddenlyaitéacting with injection spray to the other spnayinjectors
and this procedure repeat as decreasing.

v" Figure 20 and 27 droplets diameter counter anphgase shown for one injector the farther injectorzle, more
decreasing particles diameters.

v" Figure 28, 29 and table (2) indicates dropletoacigf, mean diameter and Sutter diameter illustrate two
injection pressure ranges ((f10 bars, g=4bars}, {p = 8 bars , § = 6bars}). These results are scrutinized and
similar to decreased droplets velocity and droptetan diameter.

v Figure 30 shows comparing Vessalo and Ashgrizltethat the distribution of injector spray isvayetric and
velocity profile is gained perfectly, The farthevazle in axis direction, the more decreasing drsplelocity.

Acknowledgment

We devoting from precious professor his Excelledogtor Ommi F. for it is unsparing guidance in ioying and
accomplishing this research. Special thanks to ey Mr. Farajpour Eng. in improving this projeétiso Mr.
Taheri M .that helps us in laboratorial experimamgrations greatly.

REFERENCES

[1] G.P Sutton1986,John Wiley and Sons, Inc, New York.

[2] E Giffen, A Muraszew1953,Chapman and Hall.

[3] R.D Reitz, F.V Bracco, Book Chapter The Encyedia of Fluid Mechanics, Houston, Texa805Vol. 3,
Chapter 10, pp. 233-249.

[4] H Liu, 2000,Science and Engineering of Droplets, New York A.S.

[5] M.R.O Panao, A.L.N Moreir005,Instituto Superior Te cnico, Lisbon, Portugal.

[6] P Maniarasan, J. R Padenb, M.T Nicho2308,College of Engineering and Technology, India 3rEaby.

[7] C Baumgarten2005,Internal Combustion Engines, Springer, Hannovetpber.

[8] Z Wu, Z Zhu, Z Huang2005 School of Mechanical Engineering, Shanghai, Ddxam

[9] D Rolf. C Reitz,1996 Mechanical Engineering Department University aé@¥énsin, May 7.

[10] K. R Babu, M Vnarayanaswmy,982 (The 2nd Int. Conference on Liquid AtomizationdaBpray System,
June).

[11]Q Liu, S.E Cooper, Q.I Lijun, Z FW2006, College of Engineering and technology, Wuhan, HuBina.
August.

[12] M.F Heidmann, R.J Priem, J.C Humphet922,NACA TN 3835.

[13] A.P Vasiliov, B.M Koderaftsov, B.D KorbatinkpvA.M Ablintsky, B.M Polyayov, B.Y Palviai993
Principles of Theory and Calculations of Liquid Fdet, Moscow.

[14] R.D Ingebo2002,NACA TN 4222.

[15] P Vessalo, N Ashgri2005,Journal of Propulsion and Power.

1819
Pelagia Research Library



