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- 'INTRODUéTION - R T :

The fourth phase (January June 1984) of the Solid Fuel Combustlon Chamber PrOJect,.
DLR.14.0120 (formerly DLR 11. 0120)/PBE 90753.140. is described.

The primary aim of the project is to. gain a’ thorough understandlng of the flow

and combustion processes in solid fuel grains, which will be’ achleved by a com—
blnatlon ‘of experimental and theoretical research. The project has been extens1-

Vvelywiescrlbed elsewhere(l)andthe scope of the pro;ect has remalned the same since
“this publlcatlon. SFCC's have a potential.for: energy conversion: systems, coal.

gasification,; "clean" combustlon of waste, aerospace propu151on (ramjets) and
p0551ble others. : ’ .

\

Thls progect is sponsored by the Technology Foundation (Stlchtlng voor de Tech-

" nische Wetenschappen STW) and the Project Office for Energy Research (Progect
. Bureau Energie Onderzoek). In add1t10n, money and manpower is made’ available by

a special funding from DUT (Beleidsruimte) while manpower . and’ computer fac1llt1es

'are prov1ded by DAEDUT and PMLTNO Also PMLTNO prov1des the pro;ect w1th fundlng.v_

At the end of this report the 1ntended act1v1t1es for the next half year perlod

(July December 1984) are outllned

'2. FINANCIAL’SUPPQRT

" A request for continuation of support for this progect has been honored by STW
" by February 1984. The following amounts havé been allocated to this’ prOJect. '

. 190 .kf for materlals, 1nstrumentatlon and travel w1th1n the Netherlands,
. 50 kf for large 1nvestments, ‘ C ' : e
. 20 kf for forelgn travel
If necessary, an addltlonal amount of 100 kf may be spent for the constructlon of
the large SFCC. : i : S

.3. FINANCES

‘Durlng the period January-June 1984, the follow1ng expenses have been made by PML

but have not yet been submltted to STW for refundlng

Rent pressure vessels : 12 kf : ' ‘ , _ :
Air and CH, SCMC - . 30 kf ' '
Small components 15 kf

Allocated for courses S’kf

Furthermore materlals for the constructlon of the large SFCC have been ordered
totallng approx1mately 15 kf ' : ' . -

In addition travel allowances have been spent on a "Wlndow on Sc1ence Visit" to-
the U.S.A. As no money has been recelved as yet from the ‘American Armed” Forces,

the total amount of expendltures to ‘be charged to STW 1s unknown at present.

4. PROJECT MANAGEMENT .

The pro;ect management is the same as outlined before(??. Slnce January 1 1984,
Mr. J.H. van Dijk-has been’ added to the pro;ect group as 'a computer programmer.

He is employed by DUT (Beleldsrulmte) ‘for two years. A

\



5 HIRING OF PERSONNEL

v

It is ant1c1pated that by August 1, 1984, Dr. T. Wychers will join the- project
group as a flame spectroscoplst Dr. Wychers will be employed by DUT but charged
to STW (or ZWO). It turns out that employment condltlons through the University
are more favourable than through STW (or ZWO), while’ the total gross costs” are’
the same. This has to do with unexplainable situations in the Dutch laws!

Mr. Wychers got his Ph.D in spectroscopy at Utrecht Unlver51ty with prof Alke—
made.

6. LIST OF PEOPLE INVOLVED IN THE SFCC PROJECT DURING THE PERIOD JANUARY -JUNE
1984

In addltlon to people employed by DAEDUT, PMLTNO and ZWO the follow1ng people ‘
have contrlbuted dlrectly to the project: : : .

~ H.N. van Reenen ' - Apprentice MTS Den Haag

- - Aug. 15, 1983 - June 30, 1984
Testing of gassupply system
Calibration*of-OzfsCMC” '

F.H. van der Laan Student assistent DAEDUT
Data reduction of experiments
Support Flow Modeling’

P.J.H.H. de Witte ' Student KMA _
' o January - March 1984
'SFRJ»design'study

Mr. J. Hoogkamer in partial fulfillment of the requlrements for his englneerlng
degree (HTS) designed a thrust stand for the SFCC '

Mr. J.J.T. Kops in partial fulflllment of the requlrements for his engineering
degree (DUT) calculated a PMMA- -Air diffusion flame, 1nclud1ng flnlte chemlcal

kinetics. "

7. THEORETICAL DEVELOPMENT

7.1.1. Model assumptions

In this period, attention has been given to testing the computer program describ-
ing a 2-dimensional turbulent flow without combustion, heat and mass transfer at -
the boundaries. It has been mentioned in the prevrous progress report(3) that
problems had arisen due to the strong coupllng between the pressure and the velo-
city field. These problems have been overcome by treating the pressure instead of
the density as a dependent varlable. This is because it is the pressure whlch de=
termines the velocity field. The pressure is calculated from the” contlnulty equa-
tion using the SIMPLER (Semi Impllc1t Method for Pressure Linked Equatlons Revrsed)
—algorlthm. A descrlptlon of the solution procedure may be- found in (4)

7.1.2. Test results

The program has been tested by calculating the following flow conditions.



Lamlnar pipe flow.

For this flow, an analytlcal solution exists. This type of flow is parabollc~
(there is no reverse flow); the velocity field is determined by the pressure

" gradient in flow direction and the shear stress at the wall. It is not ‘possible,

for this type of flow, to calculate the pressure: from the contlnulty equation.

_ An additional équation which determines the pressure from overall contlnulty

is required. Using this procedure, it has been possible to- calculate the velo—
city field within O, 35 $ of the theoretlcal value, uSLng ‘a 40x20 grld

Turbulent pipe flow.

The pressure is determined analogously to the laminar pipe flow. The wall-
function method for the k-t turbulence closure model as described in (4) -could
not be applied to this type of flow. The’ assumed proflle of the turbulent klne-
tic energy, k, near the wall, only occurs ‘at a .very short distance from the’
wall. It was not possible to decrease the grid-size near the wall in such way
that the assumed k- -profile would hold durlng the whole iteration process. =
Therefore another wall function method was'. 1ncorporated in the model:. The cal-
culated velocity agrees within 3,5 % with experlmental values. The" value of’

the turbulent kinetic energy,'k -at the near—wall gr1d p01nt was 15 % lower
than found experimentally. :

Laminar recirculation flow in a cylindrical pipe expansion.

This type of flow is elliptic (there is a reverse flow, -and pressure gradients
in y- or r-direction are important), and the pressure is. deteérmined with the
SIMPLERralgorithm. Experimentally, it has been found that the reéattachment
length increases linearly with the Reynolds number for flows with the Reynolds—.

number below 400. The calculated reattachment lengths for several Reynolds

7.

numbers show a 51mllar behaviour, although the’ reattachment lengths are smal—
ler than those determlned experlmentally., e , -

Turbulent recirculation flow.

This type of flow is presently being lnvestlgated Experlmental results are
available from the literature, and will be compared with the calculations. The
first calculations show that the calculated reattachment point lies within the
experimentally determined range. The velocity proflles and the proflles ‘of ‘the
turbulent kinetic energy differ much from the experimentally found values. Fl—
gure 1 shows a plot of the calculated veloc1ty fleld :

1.3. Structure of the computer program

3)

. As already mentioned in the previous progress report( , the computer program has

been written in ANSI X3.9-1978 (Fortran 77). The program has a modular structure,
and may be regarded as conSLtlng of four parts- ' i S :

1)

2)

3)

4)

Input: - problem dependent input
- process—dependent input :
- reads data from dlsk to be used as an 1nt1al guess for the 1terat10n

process.
Main : - performs the calculations.
Output:- prints the calculated values of the varlables at the end of the 1te-
ration process : :
- prints information of the iteration process ‘
- writes calculated variables to'disk. B
t . . .
Analyze: - reads calculated varlables from dlsk, and calculates additional in-

formatlon such as reattachment length maximum‘reverse velocity, -etc.
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Fig. 1: Velocity flelds after a sudden expan31on in a turbu—
lent pipe flow. - S

- plots velocity-profiles, k—proflles, shear-stress profiles, etc.
- compares calculated values with experlmental or theoretical- values
- compares results with results of- prev1ous calculatlons.

Presently the 1nput part is revised as to allow to feed 1nput data in an inter-
active way into the program. The routine which reads input data from dlSk to be
used as an initial guess for calculation with a finer grld is Stlll under de-

-velopment.

The Main-routine is fully developed while the development of the Output routine
is almost completed The Analyze routine is still under development Several
analyses and plot routines are already avallable. S : :

Contacts have been established as to 1nvestlgate whether a super computer would
lead to a reduction in CPU-time and or costs. Runs on the Cray—l Supercomputer
showed an acceleration by factor 10 in CPU-time. Costs are: estimated to 30°'% of
the present costs. However, as CPU-time on the AMDAHL of DUT is financed through
DUT-Special projects it 1s not yet clear whether thlsmoneycould be allocated to
the Cray Supercomputer. : e o :

7.2. 99@99?2&99_9§_§¥¥§_£9_é-Eé@%EéE_PE§§E§E9§_EE§TE

It was mentioned in the previous progress report(3 that a computer program was
belng developed to solve the partlal differential’ equatlons that déscribe the
model for the steady state axisymmetric laminar MMA-air’ dlffu51on flame. s

The explicit finite difference scheme used was found to be numerlcally stable,
only for very small integration steps. Therefore an uncondltlonally stable impli-
cit -finite difference scheme was adopted, resultlng in an accurate and far less
time- consumlng method. : » :



5 - .

" Results from computatlons were compared w1th experlmental results from the lltera—v'

ture, to verify the model. These results show -a. good  agreement in shape and length"

"of the flame. Temperatures are predlcted too high, whic¢h is probably due to the

‘neglect of incomplete combustlon of the fuel and to the formation of soot partl—*
cles in the fuel-rich zone which causes a large heat loss by radiation. ° ’
Computations concerning the effect of finite chemlcal reaction ‘rates on the flame
show that this effect is practlcally llmlted to the lower part of the flame.

Here the temperature and therefore the chemical reaction rate is too low to con-
sume directly all fuel and oxidizer that diffuse into.each other. This results in
a broadened zone where oxidizer and fuel exist together ‘and react to form products,
- though at a slow rate. With increasing’ helght the temperature rises and the reac-
tion rate increases, caus1ng the- relatlve oxidizer and fuel concentratlons to’ dl—
minish quickly.-At a- certain helght (about 40°'% of the total’ helght .of the flame)
the temperature becomes so ‘high that all” ox1dlzer ‘and fuel that diffuse into each
other react immediately. Diffusion becomes the limiting factor in the fuel. con-
sumption. rate. The narrow reaction zone places itself so- that fuel and oxidizer-
diffuse into each other in st01ch10metr1c proportions ‘and the flame takes the’
shape as if chemical reactions were 1nf1n1tely fast. Because of the broadened
reaction zone in the lower part of the flame. the temperature proflle in radlal
direction is flattened leadlng to higher temperatures in the v1c1n1ty of the nar—
row reaction zone higher in the flame, as compared w1th the .case of 1nf1n1tely
fast chemical reaction rates. ThlS leads, because of the dependency of the’ dlffu—
sion coefficients on temperature, to hlgher dlfqulOn rates, resultlng 1n a hlgh—
er fuel consumption rate. : -

In an overall view this flame length decreaSLng effect is of less 1mportance than
the flame length increasing effect of the slow. reaction rates in the lower part
of the flame. This results in a flame length 12 % hlgher as’ compared w1th the -
case of infinitely fast chemical reaction rates (fig. 2). - -

With respect to the experimental work no useful results were obtained.
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Fig. 2: Shape of the reaction zone in the lamlnar MMA-air dlffustlon flame
. . in the case. of a: infinitely fast chemlcal reactlon rates and b¥
, activation energy Ep = 1,55. 105 (J/mol MMA) for the ovérall’ combust-
o ion reactlon. The shaded area 1nd1cates the zone where ox1dlzer and
' fuel exist together. o -




8. EXPERiMENTS.

8.1. 99191995Ezer_l_eﬁ_1_’113_éeé_liw_dé_v_e23_152:92_9&522595 |
A survey of experlments that has been performed to date usrng the small SFCC, is

given in Table 1. They roughlytotal 200 experiments. For 'a detailed analy515 of
these combustion experiments a. computer program is belng developed prellmlnary

data reduction has been grouped according to

- fuel composition (PE or "PMMA) ,

- composition of the oxidizer (varylng between 100 % and 20 % 05) .
- combustion pressure :

- oxidizer mass flux

- fuel grain-length -

- the presence or absence of a rearward fac1ng step

o

For PE it has been found that the regression rate depends on pressure and mass
fluxes but at low pressures also on fuel grain length in that sense. that short
gralns seem to have a- hlgher regre351on rate than the longer ories. ’ o

Table 1: Compilation of experiments with the small'SFCC.

Oxidizer o "~ Fuel - - " Grain® ﬁ-Pressure . '”Lstepf
length - range :
(m) = - (MPa)
100 % 0, PE 0,3 - 0,4-1,8_ no
100 % O, PE 0,12 0,3 ~1,3 no
100 % o, PMMA 0,3 0,5 - 2,5 no
100 % O, DMMA . 0,3 S 1,4 ‘ yes
80 %0, + 203N, © PMMA 0,3° - 1-1,3 = no
80 % 0, + 20 & N, 'PMMA 0,3 0,6 yes .
60 % 0, + 40 % N, PMMA 0,3 - 1-1,2 o
60 % 0, + 40 % N, PMMA 0,3 1,3  yes
40 % 0, + 60 % N, PMMA 0,3 0,8 -1,1 . 1o
40 % 0, + 60 % N, PMMA 0,3 . 0,8-1 yes
20 5 0, + 80 % N, , PMMA " 0,3 0,8 - 1,6. yes
Air - PMMA 0,3  0,7-1,3 yes

With PMMA the burning time was varied too. Surprisingly it was found that the

.burning t'ime had a tremendous effect on the combustion behaviour: -there’is a

tendency of a high regression rate at short burnlng times. This. behaviour was
confirmed by measuring the local 1nstantaneous regre551on rate by means of the

‘ultrasonic pulse-echo technique.

This phenomenon is not understood as yet ‘Its understandlng w1ll be of prlme 1m—
portance for a good functioning of SFCC S:

By lowerlng the oxygen content in the oxidizer 1t has been found that the depen—
dence of the regression rate on the chamber pressure decreases systematlcally.
The use of a step is favourable to 1ncrease the regreSSLOn rate We have the 1m—



A'computer program has been developed that determines the regression rate of the
‘burnlng fuel from ultrasonic pulse-echo measurements. Furthermoré it calculates
the. 1nstantaneous ox1dlzer mass flux and 1t correlates the regre551on rate, the
ox1dlzer mass’ £flux and the chamber pressure accordlng to the relatlon :

r=a G P .

.Testruns where the ultrasonic technlque has been: applied, have been analyzed
u51ng thls program. The follow1ng phenomena have been observed for PMMA as a
fuel: : - "

.; .a very hlgh regre551on rate ‘occurs durlng the flrst 5 to 10 s after
1gn1tlon,' S

- the regre551on rate is very pressure sen51t1ve at low pressures,

- durlng osc1llatory combustlon, the’ regressron rate may 1ncrease by
a factor 2. : : o

(3).

In the previous progress report 1t has been p01nted out that calibration of
the 0,-5CMC yielded some scatter in: the data. This was primarily due to. an in-
adequate measurement of the gastemperature in the supply bottle while also the
volumes of the tubing system and the SCMC itself wére neglected..

A con51derable 1mprovement could be found by 1nstalllng two . thermocouples in the
gassupply bottle, and by taklng into account the volumes of the tublng system '
and the SCMC. ’ - o :

When u51ng the 02~SCMC at discrete settlngs of. the plntle, the max imum error in
the measured mass flows does not exceed 3 % LSO. A master curve, whlch can be ‘de~
ducted from the testresults obtained at these- dlscrete settings, is glven in Fi-
gure 3. Although easier in use, 1ts drawback 'is ‘a lesser accuracy: the max1mum

- error in the measured mass flows uSLng thlS master curve 1s approxrmately 5 % LsOo.

8.4. §E§SE£9§EQEZ

Some addltlonal experiments have been performed, using the spectroscope from the
Department of Chemistry of DUT, to establish whether-valuable ‘information could
be obtained from. light collected through the plex1glass wall. No spectral lines
could be dlstlngulshed However, it is believed this may be due to the experl—
mental setup. The experlments will be repeated. '

A spectroscopic system con51st1ng of a Optical Multichannel Analyzer (OMA) with
‘a very sensitive detector and a- suitable monochromator still have to be ordered
It is expected that this: equlpment w1ll be ordered by the end of July.

9. STATUS OF THE EXPERIMENTAL FACILITY

9.1. Gassupply system

________________ . ’

Although the 1nherently unsafe HAENNI pressure transducers have been replaced by
'modified (safe)’ ones, the gassupply system Stlll poses serlous problems '

R
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le‘Regularly leaklng occurs in the domes for pressure reductlon ThlS may be
caused by the use of sintered metal filters.
-.Regularly malfunctlonlng of the compressor. -

- “Freezing" of the pressure reduction dome - for air.'

In addltlon, durlng this perlod problems occurred with leaklng Hy ball—valves,
leaking oxygen supply bottles, failing safety valvés due to m01sture,-and bad
connectors between the air storage bottles and the alrsupply line-. Although HOEK—
LOOS, who installed this. gassupply system, is very helpful in repalrlng failing '
components, the malfunctioning of the gassupply system' causes severe-delays in
the experlmental program and requires spec1al attention and unforeseen time of '
the group. In addition also microswitches had to be replaced twice.

For these reasons, a flnal delivery of the’ gassupply system has to date not taken
place. : : S

9.2. Vitiator, three réz_zélysi_§5£_§9!9_§9§_9§4_§9¥9

For reasons as explained in the preVLOus progress report the air-SCMC and the
CH4 SCMC have been manufactured by DINFA, 's- Gravezande. They have been mounted
in- the corresponding gas supply lines by the machine shop of” PML “Due to mal-
functioning of the gassupply system, these SCMC's still have to be callbrated

CWDUT delivered the Vitiator- Three way valve by mld -April. It's testing wait

presently for the 1nstallatlon on the new test support. . Co ,,_'
In the previous progress report it has been mentioned that additional money might

be necessary if CWDUT could not deliver: the vitiator- ~three way valve in- time..
This request was honored by STW. However, as CWDUT was able to produce the - system.
for much lower costs than the commercial industry, this amount of money w1ll not

be requlred for the production of the vitiator- three way. valve. "

It is ant1c1pated however, that part of the allocated funds may be necessary for

- the construction of the SFCC and for prov1510ns that ‘ensure rellable spectrosco—
pic measurements. : : »

. 9.3. The_SFCC

Detalled constructlon draw1ngs of the large SFCC became avallable by March 1984
CWDUT informed the group that manufactureof the SFCC could be started imme-
diately and that ltS productlon would be completed by the beglnnlng of July 1984

As the costs of‘the SFCC is much higher than ant1c1pated ‘it is expected that_‘
the SFCC has to be funded partlally from addltlonal money from STW (see Sectlon
9.2) . i T A

9.4, Zeststand for the Experimental System

Detailed construction draw1ngs for the new teststand are being made by the PML

construction office.. It is expected that the support w1ll be dellvered by Octo—

ber., . . SR S
. i . . : S .

.

2.5. 992259}_§Z§E§T_§9£_§9¥9_§ »

The characteristics of the oxygen-supply line (w1th regard to reactlon/response
times) have been determined experimentally. Based upon these ‘results,; a: deSLgn
for the 0,-SCMC, control system has been . made, and components have been ordered.
It is expected that installation will take place around August '1984. After that
the system has proved itself, similar systems will be installed on' the Air- and

B
' +
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"CH4—SCMC's.
1Q. USERS COMMITTEE

. The users commlttee was convened for the fourth tlme on Frlday, June 22 1984 at .
PML-TNO. : : - ) )

The follow1ng members were present.
H.F.R. Schéyer: :
P.A.O.G. Kortlng, ] )
J.B. Vos S SFCC project group
J.P.M. Versmissen Lo -
J.H. van Dijk

H.J. Reitsma PMLTNO

Cdr. b.d. R.H. Kerkhoven TNO -

C.W. van Koppen . - THE

H. Wittenberg - THD -
A.J.W. Oude Alink ’ Thomassen Holland B.V.
C.A.L. Kemper . VMF-Stork/FDO

J. Claus TNO
The following themes were presented:

- Status of the project

H.F.R. Schoyer
-~ Control System for SCMC's J.P.M. Versmissen
- Progress on Flow Modeling . J.B. Vos = '
- Structure of the Computer .
v ‘Program : J.H.'van Dijk
~ Window on Science Visit .
to the U.S.A. S ' P.A.O.G. Kortlng ‘

Prellmlnary data for the next meetlng will be elther on Tuesday, December 11 or
Frlday afternoon, December 21 1984, g ‘ :

11. UTILIZATION .

With regard to the reaction from PBE to our proposal (see prev1ous progress re-
port Section 10), no reaction has been received. :
Sproncken B.V. showed interest in the possible appllcatlon of the SFCC for SOlld
‘waste combustion. Sproncken will. approach the Mlnlstry of Economlc Affalrs after
having consulted the project group about their proposal. :
Heidemij has asked the pro;ect group about the p0551b111ty to burn organlc mate-
rial in the SFCC. The project group. has offered to’ perform some tests. Materlal
has been received from Heidemij. :

DINFA will receive a copy of the evaluatlon report of the O2 SCMC.

The project group will prepare an artlcle ‘for publlcatlon in a- Dutch technlcal
journal. ' S

Following the recelpt of the evaluation report DINFA w1ll take actlon as "to the
p0551ble productlon and marketing. of SCMC S.- :

12. CONTACTS
During the period January-June 1984, Korting and Schdyer made, on 1nv1tatlon of

the U.S. Army, U.S. Air Force and ' U. S Navy, a "Wlndow on Sc1ence VlSlt" to ‘the
U.S.A. ! _ R
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The following institutions have been visited: -
Ballistic Research Laboratory, Aberdeen :
Air Force Office of Scientific Research Bolllng AFB. = )
"Atlantic Research Corporation, GaineSVille .
NASA-Langley, Hampton - y o ‘
Aero Propuls1on Laboratory, Wright- Patterson AFB Dayton
Purdue UniverSity, West~Lafayette . :
Georgia Institute of Technology, Atlanta
- Brigham Young Univer81ty, Provo
Aerojet, Sacramento.
'CSD, Coyote
Naval -Post Graduate School, Monterey
Naval Weapons Center, China Lake -
Air Force Rocket Propu151on Laboratory, Edwards AFB
The Marquardt Corporation, Van ‘Nuys :
California Institute of Technology, Pasadena
"~ Jet Propulsion Laboratory, Pasadena.

As an extensive travel report will become available, no spec1f1c names and sub-
jects are mentioned here. The visit was extremely ‘useful for making- contacts,'ex—
change ‘of ideas, to become informed. about the 'status of SFCC research and develop—
ment in the U.S.A. and for obtaining a. general impression of laboratory facili-
ties, computer facilities and poss1ble interest’ of American 1ndustr1es to coope—
rate with Dutch industries. . i

In addition it was seen that improvements in our new thrust—stand could be made-
which may prevent the occurrence of many - experimental difficulties as encounter—
ed in the past by Amerlcan research and development groups.,a :

For the remainder, the following contact should be noted.

Institute. . Person(s) o . Subject
IMI Summerfield : " - . G.I. Evans . ' Testing of Ducted
' ' ' ' o ~ Rockets at our test—
. stand - . -
) German Ministry of . 0. Wolf o ’ VlSlt to MBB Ducted
Defense, Bonn = - ‘ . : , . Rocket Test’ Stand

near Munchen

‘ Heidemij, Apeldoorn ‘.. A.C.M. Groenendiijk Combustion of,Organic
: ) - ‘R.W.J. Smulders " Material “in SFCC
Sproncken B.V., _ J. Tillie . Application of SFCC
Bunde (L) Hr. Postmes for Solid Waste
: i Combustion o
" DINFA, 's-Gravenzande W. Kluvers SCMC
ENR, Petten . ) H.P. Struch : . The use of the‘Cray‘

' ' ' G. Leendertse - Supercomputer for

flowimodeling

VMF/FDO, Amsterdam ) G.K. Troost : . Application of SFCC's
: : for Ram]ets ’

S




Institute'

Persoh(s)

Subject“'

'bUT-Dept.'of.Physics

DUT Dept. Chemical
Engineering o

University Utrecht:

TNO-MT, ‘ Apeldoorn

NLR Amsterdam v

L. 'de Galan
G.R. Kornblum

C.Th.J;-A;kemaae

J. Claus
A. Verbeek

P. van de .Leur

I . .
J.P.F. Lindhout

}Flahe Spectroscopy

Flame Spectroscopy

SFCC-project

‘Numerical solutlon

methods

.Numerical methods

13.

Plan

ii

iii

iv

vi

vii

viii

ix

xi

STATUS OF THE PLANNING PERIOD JANUARY?JUNE 1984

nlng

Testing and callbratlon of the
three SCMC's

Characterization of the gas-

supply system: characteristic
times, response times, ampli-
fication factors, Volumesvetc,

De51gn and fabrlcatlon of an
SCMC control system

Design and fabrlcatlon of the
large SFCC

Specification of the pneumatic

. system for the threeway valve

Preliminary installation and
testing of the vitiator and
threeway valve : :

Design support for the SFCC,
vitiator and threeway valve

Testing software for micropro-

cessor gassupply control syStem'

Hiring of spectroscopist

Ordering of a system for
spectrographic measurements

Data reduction, including soft-

ware development

Testlng & callbratlon of 02 -SCMC nearly
completed R ST o

Done . for Oz—system

Design ready; components received
Delivery expected by July 1984
Ready

Waiting for support

In progress
Partly finished . . "

Expected to employ a spectroscoplst by
AAugust 1 1984 °

In preparatlon‘

Partly ready, more detalled analy51s Stlll
necessary S

i



Plannlng \ '

xiii

xXiv

XV

xvi .

xvii

xviii

Correlation .of cold flow ex-
periments with computer code

‘Hiring of a computer: programmer

Development of an elementary
computer simulation model for
flow (w1thout combustlon) in
an SFCC

Development of models that -
account for heat and mass
transfer at the boundaries
and implementation of these
models in the computer code

Description of a PMMA diffu—
sion flame and experlmental
verification :

Initial work for the select-
ion of a combustion model

Analysis of the regression
rate by means of -the ultra-
sonic pulse echo method

13

Status

No cold flow experiments

By January 1, 1984

Development nearly completed
Nothfng done

In final stage, awaiting reporting

Nothing done

Vefy successful

14. PLANNED PROGRAM FOR THE PERIOD JULY-DECEMBER 1984

Subject

1. Calibration CH4 and air SCMC

2. Calibration report 0,-SCMC

3. Mass flow control system for 02,CH

2

air gassupply lines

4. DeSLgn and manufacture thrust stand for

July Aug Sept Oct Nov Dec

and

SFCC
5. 1Installation of v1t1ator, shuttle valve = —_—
and SFCC - s a '
6. Testing of vitiator and shuttle valve ' -

7. Testing of software for control gassupply o _ <y

system

8. Testing of large SFCC

9. Marking of vitiator and SFCC components; —

Drafting of mounting drawings

10. Modification of building for spectro—

SCOplC measurements




Sub]ect B o , July Aug Sept Oct Nov Dec

A

-

11. Ordering of spectroscopic.equipment t—;—ffrrf—ﬁ

12. Constructlon of sw1tch panel for simu- . : **;———ff—fj
' lation unit ' '

13.vSound veloc1ty versus temperature ] . ——
measurements of . PE and Ps SR : -

. - R
14. Report experiments with small SFCC - i ‘ —

15. Report mass flow control system

l6. Development software'forfdata reduction —

17. Theoretlcal work

improvement and exten51ons of ex15t1ng
program _
comparison with various experlmental ) . — —
cold flow results ‘ L o _
study of heat and mass transport at ) - . . —~ : e
the boundaries o C o e
selectlon of a combustlon model ' -

15. PUBLICATIONS

1. H. Albers, P. Korting en J. Versmlssen, "Technlsche Gebrulksaanw1321ngen voor
het Regel/Bedlenlngssysteem van de Gastoevoerlnstallatle voor -de Vaste Brand—
stof Verbrandingskamer". Report LR 410/PML 1983-169, SFCC—publlcatle no. 8,
Januari 1984. A

2. J. Mosselman, "Het Regenereren van Narelnlgers", Memorandum M- 499/Report PML
"*1983-171, SFCC publlcatle no. 9, December 1983. - . ’

3.  H.N. van Reenen, "Bepallng van het Leldlngvolume voor het IJken van een SMRD",
Memorandum M- 503/Report PML 1984 c9, SFCC publlcatle no. 10 Februarl 1984

4. V.A. Kramers, P.A. 0.G. Kortlng en H.F, R Schoyer, “Polynoombenaderlngen voor
de Karakteristieke Snelheid en Vlamtemperatuur", Report_LR 421/PML 1984hC10,
SFCCfpublicatie no. 11, Januari 1984. ‘ S R '

5. P.A.O.G. Kortlng and H.F.R. Schoyer, "Experimental Connected Plpe Fac1llty
for Solid Fuel Ramjet Combustlon Studles"; Paper presented at. the 15th Inter-
national Congres K ICT, Karlsruhe, June 1984. To be: publlshed 1n the Conference
Proceedlngs. - oo ‘ : » -

16. CONTINUATION OF SUPPORT BY STW

STW has lnformed the‘prOJect group ‘that it will honour the request to support
the group during the second two year period. STW has been’ informed by the- group
that the’research pro;ect lS expected to’ be contlnued after May’ 1986

17. REFERENCES :

1. An. "Proposal for the investigation of a Solid Fuel Combustion Chamber",

.
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RDAEDUT/PMLTNO Memorandum M 395, Delft/lesw1jk February 1981 -

2. H.F.R. Schoyer, P,A.O.G. Kortlng, "Solid Fuel Combustlon Chamber, Progress
Report I, Initial Phase (until July 1982)", Report LR 354/Report PML 1982—
134, DAEDUT/PMLTNO, Delft/Rijswiijk; June 1982. '

3. H.F.R. Schdyer, P.A.O.G. Kortlng, J B. Vos, J.P.M. Versmlssen, "Solid Fuel
Combustion Chamber, Progress Report IV, Third Phase, July-December 1983"
Report LR-415/Report PML 1983 173 DAEDUT/PMLTNQ Delft/Rl]SleR, December

1983.

4. J.B. Vos, "The Development of a Computational for a 2-Dimensional Turbulent
Flow, Part I: Mathematical Background", Report LR 436/Report PML 1984 C52,
DAEDUT/PMLTNO Delft/Rl]SWl]k January 1984.

18. ACRONYMS

AFB
CSD
CWDUT
DAEDUT
DUT
ENR
MMA
NLR
OMA
PBE

PE

 PMLTNO

PMMA
SCMC
SFCC
STW
ZWO

Air Force Base

Chemical Systems Division of United Technologles
Central Workshop DUT : c
Department of" Aerospace Englneerlng buT

Delft University of Technology -

Energie Centrum Nederland Rekencentrum

Methyl Methacrylate ~ Sl

National Aerospace Laboratory Amsterdam .

. Optlcal Multichannel Analyzer

PrOJect Bureau Energie Onderzoek .

Poly Ethylene ’

Prins Maurits Laboratory of the Organlzatlon for Applled Sc1ent1—
fic Research - : ’ o : :

Poly MMA

Sonic Control and Measuring Choke

Solif Fuel Combustion Chamber

Stichting voor ‘de Technische Wetenschappen

Organlsatle voor Zulver Wetenschappelljk Onderzoek
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