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Performance Analysis of a Dual-Fuel Sugar Based Solid
Rocket Propellant

Gbadebo Omoniyi Adeniyi, Inkechukwu NKkere, Lanre Moshood Adetoro, and Olusegun Samuel
Sholiyi

Abstract — The effects of dual-fuel on improving the
ballistic efficiency of a low energy sugar-based solid rocket
propellant were investigated in this paper. This was achieved
by establishing a threshold proportion of sucrose to sorbitol
that provided the highest ballistic efficiency, using a beam load
cell (model single-point 2,000 kg linearly defined by 0-20 kN
force, with £.005 percent precision). Seven different propellant
formulations were prepared, loaded into the rocket motor and
tested for performance. The major performance parameters of
interest were the thrust, total impulse, burn time, delivered
specific impulse, delivered characteristic velocity, and the
chamber pressure. The formulations tested were potassium
nitrate—sucrose propellant (65% KNOs and 35% sucrose
(C12H22011)) (KNSU); potassium nitrate-sorbitol propellant
(65% KNOs3 and 35% sorbitol (CsH1406)) (KNSB); modified
potassium nitrate-sucrose propellant (65% KNOs, 32% sucrose
(C12H2011)), and 3% carbon (C) (MODKNSU); potassium
nitrate-sucrose-sorbitol propellant (65% KNOs, 25% sucrose
(C12H22011)), and 10% sorbitol (CeH10s) (KNERK);
potassium nitrate-sucrose-sorbitol-carbon propellant (65%
KNOs, 24% sucrose (Ci2H22011), 10% sorbitol (CsH140s), and
1% carbon (C)) (MODKNERK); and finally a propellant made
from KNOs, sucrose (Ci2H22011), sorbitol (CeH14Og), carbon
(C) and iron Il oxide(Fe2O3) combinations in 65, 30, 3, 1, 1%
proportion respectively. The novel result obtained from these
experiments was applied to boost the performance of a KNSB
rocket propellant motor during a rocket launch experiment.
Both static and dynamic rocket motor internal ballistic
parameters were then compared. The measured delivered
motor average thrust and the effective propellant burn times
were recorded as: (164.15N, 3.97s); (102.95N, 6.53s); (65.66N,
9.38s); (79.09N, 3.77s); (243.98N, 3.77s) and (92.6N, 5.89s)
respectively. The MODKNERK, was established to produce a
most efficient motor and with the full delivery of its ballistic
energy. It was also established, that the ballistic and rocket
motor efficiency of a lower energy rocket motor can be
improved by starting the ignition of such motor with fast
burning dual-fuel rocket propellant (MODKNERK).

Index Terms — KNSU, KNSB, MODKNSU, KNERK,
MODKNERK, Low Energy Oxidizer, Fuel, Additives, Thrust,
Specific Impulse.

I. INTRODUCTION

The challenges faced in developing high energy rocket
propellants are enormous [1], thus, keeping the use of low
energy sugar-based propellant in amateur rocketry still very
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popular. Challenges such as non-availability of materials,
high cost of high energy chemicals, machinery and tools.
Also, most important challenge is the safety of lives and
properties, because most high energy rocket propellants are
carcinogenic and spontaneous in nature. Sugar-based
propellants or rocket candy is a type of rocket propellant for
model rockets [2]. It has primarily sugar as a fuel and low
energy nitrate as oxidizer. The components of the propellant
in some cases could be the fuel, the oxidizer and the
additives [3]. In this study, the fuel is a sugar (sucrose,
dextrose, maltose, or Sorbitol (sugar alcohal). Sucrose is the
most commonly used among the sugar-based fuel [3]. The
possible oxidizers with this fuel are potassium nitrate
(KNOs3) or sodium nitrate (NaNOs). The additives are
substances of different types (Sulfur, charcoal, aluminum,
magnesium, iron oxide etc.) which may act as an opacifier,
catalysts, suppressants or burn rate modifiers [4].

Using sucrose as fuel in a sugar propellant is considered
as an excellent active component; however, it is limited with
its inconsistent characteristics between batches of propellant
due to its persistent caramelization and excessively high
pressure index [5]. Burning rate is sensitive to the value of
the pressure exponent; n. High values of pressure index
leads to high changes in burning rate with relatively high
changes in chamber pressure, and with potentially
catastrophic consequences [6]. Efforts were being made in
the past by replacing it with other fuels such as sorbitol,
dextrose etc. [3]. This provided an excellent working time
during manufacturing and longer burning time during
combustion than sucrose. However, the plateau and the
mesa effects of these fuels and low burning rate of the
propellants are also serious limitations. Burn rate is largely
affected by chamber pressure [7] and [8]. Sucrose fuel sugar
propellant (KNSU) obeys the saint Robert equation: r =
aP™ [9]. Experience has shown that small fluctuation in
combustion is translated into significant pressure variation.
Also, accidental increases in the propellant burning surface
area most often lead to overpressure that results to explosion
of the motor [10] and [11]. However, potassium nitrate-
sorbitol propellant (KNSB) and potassium nitrate- dextrose
propellant (KNDX) deviate from such behaviour (burning
rate independent of pressure within a given range of
pressure and burning rate decreases with increase in
pressure respectively) [12].

According to some authors, modifying the burning rate
could be achieved by decreasing the oxidizer particle size,
increasing or reducing the percentage of oxidizer (O/F ratio
variation), adding a burn rate catalyst or suppressant,
operating the motor at a lower or higher chamber pressure
with the understanding that burn rate of most propellants is
strongly influenced by the oxidizer/fuel ratio (O/F).
Unfortunately, modifying the burn rate by this means is
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quite limited, as the performance of the propellant, as well
as mechanical properties, are also greatly affected by the
O/F ratio [13] and [14]. No doubt, the best and most
effective means of increasing the burn rate is the addition of
a catalyst to the propellant mixture. The chemistry of the
catalysts enhances the fuel and oxidizer decomposition,
accelerating vaporized fuel reactions in the gas phase of the
combustion zone and increasing heat transfer at the
propellant surface layer [15]. Some catalysts increase burn
rate by increasing the burn rate coefficient; others tend to
increase the pressure exponent (making the propellant more
sensitive to pressure changes). Ferric oxide (Fe;O3), copper
oxide (CuO), manganese dioxide (MnO2) are commonly
used catalysts in ammonium perchlorate, AP based
composite  propellants [16]. Potassium  dichromate
(K2Cr207) or ammonium dichromate ((NH4).Cr,0O7) for
ammonium nitrate (AN) based mixtures [17]. Ferric Oxide
(Fe20%), Iron sulphate (Fe;SO.), carbon (C) and potassium
dichromate for KN-Sugar propellants [3].

Several attempts were made by some authors towards
improving the thermodynamics and ballistic properties of
sugar-based propellants. Foltran [18], worked on the
performance of KNSU, whose composition is 65 wt %
KNOs; and 35 wt % Ci2H22011, cold-manufactured by
mechanical press. The behaviour of density (p) and burning
rate (r) as function of compression pressure (Pc) for the
propellant grain manufacturing was also determined. It was
reported that both parameters depend on Pc, according to
quadratic polynomial functions and the mass flux per unit
area was a constant. Kumar [19] reported that the inclusion
of aluminium shows an agreeable increase in specific
impulse and thrust co-efficient. The specific impulse was
found to be 184.9 seconds with the thrust co-efficient of 2.1.
The combustion temperature was also found to be increased
by 200 °C with inclusion of aluminium. This increase in
temperature is responsible for the high temperature of
exhaust gases which increases the thrust produced. Olaoye
[20] simulated the ideal theory equations which govern the
working of the rocket using MATLAB and creating a virtual
way of determining and improving its performance before it
is being launched. By so doing, certain dangers and
expenses can be avoided. The parameters determined
through MATLAB were in close agreement with the
experimental results by Nakka. The predicted operating
pressure of KNO3 propellant is 19 MPa, this is not beyond
what stainless steel material can withstand and the thrust
coefficient are in a range of 1.5 and 1.9. It was extended to
predict variation of pressure with time and the thrust
generated which could carry the load effectively. The
burning rate of potassium nitrate and sucrose (65/35%) at 1
and 7 atm pressures using a different oxidizer/fuel mass
ratio, were 2.184 mm/sec and 3.791 mm/sec respectively as
reported by Mohammad [21].

Yang [7] presented the detail process of a solid fuel
rocket engine, from the initial hypotheses based on rocket
engines with similar characteristics using simulation
software to predict the performance of a solid rocket
propellant. Both the temperature of combustion products
and the characteristic exhaust velocity which were simulated
by the model were both validated. The work also revealed
that the products of the KNSU burning reaction are mostly
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carbon dioxide, carbon monoxide and water. The literatures
have established that changing the ratios of the active
components of solid rocket propellant formulations, impacts
the thrust, burning rate, chamber temperature, propellant
burn time and chamber pressure of a rocket engine during
combustion [22]-[24]. Literature also has it that a large
imbalance in the ratio of active propellant components will
decrease the burn rate and as the ratio becomes larger, the
burn rate continues to decrease further [25].

Therefore, in this paper, efforts were made towards
looking for a mid—characteristic point for both available
fuels (sucrose and sorbitol). This was done by searching for
a threshold ratio of sucrose to sorbitol appropriate as dual-
fuel of good propellant formulation for rocket motor
performance.

Il. MATERIALS AND METHODS

Six different experiments were conducted with different
sugar-based rocket propellant formulations. The first two
formulations were based on the standard formulations
postulated by Richard Nakka. Both formulations were made
of potassium nitrate and sucrose (KNSU) and potassium
nitrate and sorbitol (KNSB) respectively. While, in the other
four formulations, both the effects of additives [26] and
dual-fuel on the performance parameters of the rocket
propellant were tested.

A. Materials and Formulations

Experiment 1: the formulation for this experiment was
made of potassium and sucrose (potassium nitrate — sucrose
propellant (65% KNO3; and 35% sucrose (Ci2H22011))
(KNSU). This formulation was chosen for its optimum
propellant performance (3). Potassium nitrate is the oxidizer
while sucrose serves as the fuel. The combustion equation
for this combination is given in equation (1).

6.41KN0;5) + 1.027C12Hy5011(5) = 7.97H;0(g) +
5.33C0(,) + 3.88C04(g) + 3.205N,,) + 3.182Hyy +
3.06K,C05(; + 0.29KOH ) 1)

Experiment 2: potassium nitrate-sorbitol propellant (65%
KNOs; and 35% sorbitol (CsHi1406)) (KNSB). This
formulation was similar to KNSU propellant in experiment
1 only that the fuel was sorbitol (65/35%) and the
stoichiometric equation is expressed in equation (2).

642KN03(5) + 1'92C6H14—06(s) d 9281‘120(9) +
4.78C0(g) + 4.11H,g) + 3.59C05() + 321Ny gy +
3.16K,C0sq, + 0.1KOH @

Experiment 3: the role of carbon as the opacifier and also
as a control for hygroscopic problem was tested in the
modified potassium nitrate-sucrose propellant (65% KNOs,
32% sucrose (Ci2H20011), and 3% carbon (C))
(MODKNSU). This was achieved by doping KNSU
propellant with carbon. Equation (3) gives the combustion
reaction of such combinations.
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642KN03(S) + 0.936C12H22011(S) + 2478C(S) hd
7.16C0(g) + 6.04H,0g + 4.19H,5) + 3.39C0, ) +
3.21N, ) + 3.16K,C05 + 0.1KOH) ©)

Experiment 4: several iterations (using thermal
equilibrium code) were carried out to determine the
optimum threshold ratio for optimum combination of both
sucrose and sorbitol in potassium nitrate-sucrose-sorbitol
rocket propellant formulation named KNERK. More so, this
combination investigates the implications of trading on both
strength and weakness of the two fuel. The optimum
composition: 65% potassium nitrate (KNOs3), 25% sucrose
(C12H22011), and 10% sorbitol (CsH1406). Arriving at this
propellant formulation was not only based on the propellant
performance index but also on ease of manufacturing,
mechanical strength of the propellant, the combustion
plume, the burning behaviour of the propellant and the
dynamics of the pressure built-up during combustion.

6.41KNO35) + 0.83C1,Hz,011(s) + 0.37C5Hy406(5) =
8.16H,0(y) + 5.25C0g) + 3.83C0(y) + 3.27Hy(g) +
2.05N g + 3.08K,C03(;) + 0.25KO0H ) 4

Experiment 5: potassium nitrate-sucrose-sorbitol-carbon
propellant formulation (65% KNOs;, 24% sucrose
(C12H22011), 10% sorbitol (CsH1406), and 1% carbon (C))
(MODKNERK). The potassium nitrate as the oxidizer, dual-
fuel (sucrose/sorbitol) and an additive carbon. This
formulation was also meant to trade-off both the strength
and weakness of the two fuel and also to verify the
implication of carbon as the opacifier. The combustion
equation for this propellant is given in equation (5).

6.418KNOsg) + 0.712C1,Hy,0415) + 0.531CeHy 4055 +
3.64C0, (g + 3.2090N, ) + 3.13K,C03 + 0.158K0H

(%)

Experiment 6: the effect of iron oxide as catalyst on
MODKNERK was tested. The propellant formulation was
made of the KNOs, sucrose (Ci12H22011), sorbitol (CsH140¢),
carbon and iron Il oxide (FesOs;) combinations, in
65,30,3,1,1% proportion respectively.

6.41KNOs5(s) + 0.902C;,Hy504(5) + 0.125CHy4 05 +
0.756C(5) + 0.06Fe,05(5) = 7.47H,0(4y + 5.49C0(,) +
3.75C0,y) + 3.21Hyg) + 3.09K,C03p) + 0.23KOH g +
0.12Fe0, (6)

Experiment 7 (Application): finally, the novel result
obtained from these experiments was applied to boost the
performance of a KNSB rocket propellant motor through a
rocket launch experiment. This was done in a hybrid
arrangement where the propellant bates in the combustion
chamber were of two different grain formulations
(MODKNERK and KNSB). The number of bates were
three. The first bate was a dual-fuel formulation
MODKNERK, with a dimension of 0.187 m long, 0.11 m
outer diameter and 0.05 m core diameter while the other two
bates were made of formulation in KNSB propellant (Fig.

DOI: http://dx.doi.org/10.24018/ejers.2021.6.2.2347

EJERS, European Journal of Engineering and Technology Research
Vol. 6, No. 2, February 2021

1). The dimensions of the bates were similar to the
MODKNERK. Four different static combustion tests were
conducted using a data acquisition system. The tested motor
was used to launch a rocket named TL_4) (Fig. 2). The
static parameters were eventually compared to the dynamic
flight parameters.

KMNERK
__——Bate length =0.187 m
B Core Diameter = 0.05m

KMNSB
___—Bate length=0.187 m
Core Diameter = 0.05m

KMNSB
——Bate length=0.187 m
Core Diameter = 0.05m

Fig. 2. CAD_TL_4 rocket.

B. Machineries and Tools

The following tools were used in the manufacture of the
propellants: the mixer (Fig. 3) for proper mixing and
blending of the propellant components, and the moulds for
casting and forming the propellant grain geometry (Fig. 4 a
and b). During casting, the propellant was vibrated using a
vibrator. This was meant to ensure the release of the
possible air traps and proper compaction of the propellant.
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Fig. 3. The propellant mixer (Model: SWFS-400, Power: 400 watts, VVoltage:
220 volts/50Hz, Size: 550x390x760 and Rotation speed: 0—8000 rpm).

ol

propellant moulds (b)  propellant casings
Fig. 4. The propellant moulds and casings.

(@)

C. Manufacturing Procedures

Two different methods were adopted in the rocket
propellant preparations: re-crystallization method for
potassium nitrate and sucrose formulation while melting
point method using oil bath for potassium nitrate, sorbitol
and other additives formulations. Thus, resulting into the
production of the propellants (Fig. 5).

Fig. 5. Samples of the manufactured propellants.

Re-crystallization method: potassium nitrate and sucrose
were weighed out in the ratio 65/35% composition
separately into containers and premixed. The mixture was
then put into the reactor and water was added to dissolve it,
in the ratio of 2:3 according to Nakka [3]. It was then heated
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up using gas burner and stirred with a wooden stirrer. It was
mixed thoroughly using a wooden stirrer until uniform
mixture was achieved. Temperature of the propellant slurry
inside the mixer was also monitored and regulated at
temperature less than 130 °C to prevent caramelization of
the propellant. The mixing was allowed to proceed until the
propellant is ready for casting when it was observed that all
ingredients had been uniformly mixed together and a semi
solid mixture (slurry) has been achieved. The propellant
slurry (semi-solid) was then cast into a casting mould using
the cast-in-place-core method to form the grain geometry
and vibrated on a vibrator for about 10 s to ensure
consistency in density and relatively flaw-free propellant
grain. The casting mould was removed after 2 hours, and the
propellant was allowed to cure (solidify and dry) usually for
48 hours or more.

Melting point method: Both potassium nitrate (65%) and
sorbitol (35%) were weighed and pre-mixed in a container.
The temperature of the oil bath was raised to 100 degree
Celsius, adequate enough to melt the premixed potassium
nitrate and sorbitol. The propellant was added gradually to
the reactor heated up by oil bath and was stirred thoroughly
until all lumps disappeared. The temperature of the
propellant slurry inside the mixer was also monitored and
regulated at temperature less than 130° C to prevent
caramelization of the propellant. The mixing was also
allowed to proceed as stated in the re-crystallization method.
It should be noted that, there was no need for a vibrator and
presser because the slurry of KNSB is less viscous than that
of the KNSU. The casting mould was then removed after
about 12 hours, and the propellant was allowed to cure
(solidify and dry) usually for 48 hours or more.

D. Motor Parameters

The rocket motor that was used for the experimentation
has the following components: the bulk head, the cylindrical
channel and the nozzle. All made of mild steel with a total
mass of 4.5 kg. It is characterized with the following
parameters as shown in Fig. 6: the chamber length of 0.2 m,
the effective chamber length of 0.12 m, the chamber internal
diameter is 0.104 m and the chamber external diameter is
0.107 m. The chamber thickness, the throat diameter, the
exit diameter and the nozzle thickness are 0.0032 m, 0.02 m,
0.0327 m and 0.002 m respectively. The convergent length
and the divergent length are 0.04 m and 0.025 m
accordingly while their respective angles are 45 degrees and
15 degrees respectively [27].

Fig. 6. CAD drawing of the rocket motor.
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E. Ballistic Evaluation Test

Ballistic evaluation tests were conducted at the Space
Transport and Propulsion Centre, Lagos, Nigeria, using a
motor test stand. An industrial-grade Rocket Motor Test
Stand (Fig. 7) developed at the Centre, was used to measure
the thrust-time characteristics of each specimen rocket
motor. This system is capable of repeatedly recording the
thrust-time characteristics of rocket motors generating up to
20 kN of maximum thrust with dispersion errors of +.005%.
The system essentially consists of single-point 2,000 kg
linearly defined load cell (Fig. 8) interfaced to a 12 Bit
DATAQ DI-1100 Data Acquisition Unit. A precision mass
measurement and accelerometer were also interfaced with
the DATAQ system. This included the inertial rocket load in
the measurement, thus providing a dynamic flight
environment during the test. An 18-volt, transistor battery
was used to excite the strain gauge circuitry in the load cell
and Accelerometer. The load cell has a full-scale output of
2.0 mV/V. The multiplexed signal was electrically filtered
through low noise signal and power conditioning modules.
The load cells wirelessly communicated the force data to the
personal computer via the DI-1100. The user interface
software displayed and logged the time-thrust data into an
excel file for further analysis. The samples of each rocket
motor for different propellant formulations were mounted in
the test setup. The propellant delivered specific impulse was
derived from the measured thrust-time characteristics.
Several other performance parameters were subsequently
calculated.

Fig. 7. Data acquisition.

Fig. 8. Load cell (single-point 2,000 kg linearly defined load cell
characterized by 0-20 kN of force with +.005% accuracy).
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I11. RESULTS AND DISCUSSION

The thrust profile from the combustion of rocket
propellant made of potassium nitrate (65%) and sucrose
(35%) in experiment 1 is presented in Fig. 9. The burning
pattern and the pressure built up in the chamber were
noticed to be highly sporadic. This is naturally the challenge
that is always faced with this propellant formulation. The
formulation has fast burning rate and poor mechanical
property, thus, opening up the propellant burning area
unexpectedly and subsequent generating high combustion
gas flux. Several experiments using this formulation often
resulted into explosion of the combustion chamber. The
delivered motor average thrust, and the effective burn time
were 164.15N and 3.97s respectively. The maximum thrust
and pressure were 310.47N and 0.51MPa respectively
(Table 1).

__— KN=65%,SU=35%

Experimental Thrust(N)

0 0.5 1 15 2 25 3 35 4 4.5
Fxnerimental Rurnina Time(s)

Fig. 9. Thrust profile for propellant formulation (KN=65%, SU=35%).

TABLE 1: MEASURED MOTOR INTERNAL BALLISTIC PARAMETERS

Parameters Expt.l Expt2 Expt3 Expt4 Exptb  Expt.6
Propellant
Mass (kg) 1 1 1 1 1 1
Maximum
Thrust (N) 31047 208 11559 11560 446.79  140.04
Burn Time (s) 3.97 6.53 9.38 6.76 3.77 5.89
TOta'(l'\l”S‘)p”'se 651.67 67224 61586 534.68 919.806 545.50
Average
Thrust (N) 164.15 10295 65.66 79.09 243.98 92.62
Delivered
Specific 6145 6502 5521 5450 7711  54.30
Impulse (s)
Delivered
Characteristic ~ 378.20 400.12 339.81 33543 47454  334-2
Velocity (m/s)
B“(rr’; /F:)ate 0.0096 0.0058 0.0037 00051 0.0037 0.0059
Max Pressure 51 0344 0191 0251 074 023
(MPa)

Meanwhile, the profile of the sorbitol formulation
resulting from experiment 2, posed a different behaviour
(Fig. 10). Both the pressure and thrust build-up was gradual,
and it burns for a longer time comparing to the formulation
in experiment 1. The measured internal ballistic parameters:
the motor maximum thrust, the propellant effective burn
time, the motor average thrust, and maximum chamber
pressure were 208 N, 6.53 s, 102.95 N and 0.34 MPa
respectively.
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250 T T T T

T
— K N=65%,SB=35%

5]
8

Experimental Thrust(N)

Experimental Burning Time(s)

Fig. 10. Thrust profile for propellant formulation (KN=65%, SB=35%).

The experiment 3 was meant to test the implication of the
presence of an opacifier (carbon) in the combustion
property. It was revealed that the motor internal ballistic
parameters (the motor maximum thrust, the propellant
effective burn time, the motor average thrust and maximum
chamber pressure) were 11559 N, 9.38 s, 65.66 N and
0.19 MPa. The performance seems to be lower compared to
the previous experiments. From its profile in Fig. 11, the
burning was noticed to be smoky and with the presence of
some noises. Since the formulation was prepared using re-
crystallization method, the presence of water in the
propellant was suspected and this could be the reason for a
longer burn time, thus, lower thrust.

T
— K N=65%,SU=32%,C=3%

Experimental Thrust(N)
@
8

Experimental Burning Time(s)
Fig. 11. Thrust profile for propellant formulation (KN=65%, SU=32%
C=3%).

From Fig. 12, 115.60 N, 6.76 s, 79.09 N and 0.251 MPa
were deduced for the motor maximum thrust, the propellant
effective burn time, the motor average thrust, and maximum
chamber pressure respectively. These measurements were
obtained from the combustion of motor loaded with the
formulation 4. The propellant ignition was sudden, and
however, there were energy losses resulting into a low
thrust. The improvement of formulation 4 resulted in the
formulation 5 by introducing additive carbon to curb the
identified energy loss in the combustion chamber. Opacifier
prevents heat loss from the chamber during combustion thus
resulting into a full delivery of the combustion energy. Fig.
13, thus, gave the static profile of motor maximum thrust,
the propellant effective burn time, the motor average thrust
and maximum chamber pressure of 446.79 N, 3.77 s, 243.98
N and 0.74 MPa, respectively. It is very obvious that this
formulation produced the highest thrust, and the burning
was stable and smokeless. This propellant formulation has a
very fast burning characteristic and thus very high pressure
than the previous formulations. This characteristic is noticed
in spite of the highest thrust as a big challenge. Therefore,
outstanding effort is required from a rocket motor designer
to manage this sudden pressure built-up, in order to prevent
motor explosion.
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T
m— K N=65%, SU=25%, SB=10%

Experimental Thrust(N)

1 2 3 4 5 6 7 8
Experimental Bumina Time(s)

Fig. 12. Thrust profile for propellant formulation (KN=65%, SU=25%,
SB=10%).

450 T T T T T T T

200}~ | ™====KN=65%,SU=24%,5B=10%, C=1% [

350~ b

300~ b

250 b

200 b

Experimental Thrust(N)

0 05 1 15 2 25 3 35 4 45
Experimental Burning Time(s)

Fig. 13. Thrust profile for propellant formulation (KN=65%, SU=24%,
SB=10%, C=1%).

Performance parameters from experiment 6 (Fig. 14)
were 140.04 N, 5.89 s, 92.62 N and 0.23 MPa for maximum
thrust, the propellant effective burn time, the motor average
thrust and maximum chamber pressure respectively. A
stable burning and relatively less smoky plume were
noticed. Meanwhile, the Fig. 15 depicts the comparative
behaviour of all thrust profiles measured from all
experiments.

T T T
m— N=65%, SU=24%, SB=10%, C=1%,Fe203=1%

501

Experimental Thrust(N)

0 I I I I L I
0 1 2 3 4 5 6 7
Experimental Burning Time(s)
Fig. 14. Thrust profile for propellant formulation (KN=65%, SU=30%,
SB=3%, C=1%, Fe203=1%).

23
<
S

m— KN=65%,SU=35%
m— KN=65%,SB=35%
m— KN=65%,SU=32%,C=3%
e KN=65%,SU=25%,SB=10% n
m— KN=65%,SU=24%,SB=10%,C=1%

KN=65%,SU=30%,SB=3%,
C=1%,Fe203=1%

__-{_//N\

L I I I I
2 4 6 8 10 12
Experimental Burning Time(s)

Fig. 15. Thrust profiles for all the tested formulations.
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The comparative results of the four static tests and a flight
test are shown in Table 2. The dynamic thrust value
(1081 N) was slightly higher than the average static thrust
value of 946.88 N. However, the propellant burn time of 5 s
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was measured during rocket flight as compared to the 6.77 s
measured during static combustion. This actually accounts
for the thrust values obtained. The difference in the
propellant specific impulse is evident, in that there were
energy losses during the static combustion. This could be

EJERS, European Journal of Engineering and Technology Research
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traced to the inconsistencies in the propellant manufacturing
or losses through the clamp design and its fabrication for
holding the motor during tests or probably leakages through
the bulkhead of the motor.

TABLE 2: MOTOR STATIC AND FLIGHT PARAMETERS

Static Tests Values (from the Load Cell readings) Launch % increase

Experiments 1 2 3 4 Av. Val.  Values or decrease
Mass of Propellant (kg) 7.58 7.68 7.6 7.4 7.57 7.58 0.12
Maximum Thrust (N) 2066.02 1483.83 1391.93 1313.12 1563.72 1781.87 13.95
Prop. Eff. Burn Time (s) 5.42 7 8.07 6.6 6.77 5 -26.15
Total Impulse (Ns) 6778.14 6136.15 633252 5779.28 6256.52  8196.90 31.01
Average Thrust (N) 1250.58  876.59 784.70 875.65 946.88 1081 14.16
Specific Impulse (s) 91.14 81.45 84.94 79.61 84.28 110.23 39.79
Max. Chamber Press. (MPa) 1.03 0.83 0.75 0.75 0.84 0.74 -11.90
Av. Chamber Press. (MPa) 0.62 0.49 0.42 0.50 0.58 0.68 17.74

IV. CONCLUSIONS

The designed dual-fuel propellant  formulation
(MODKNERK) has successfully established an appropriate
proportion as a trade-off for both weakness and strength of
both sucrose and sorbitol as fuels in solid rocket propellant.
Also, the effects of propellant additives in improving its
ballistic indices have been established. The MODKNERK,
was established to produce a most efficient motor and with
the full delivery of its ballistic energy. Also, the ballistic and
rocket motor efficiency of a lower energetic rocket motor
was also established to be aided by starting the ignition of
such motor with fast burning rocket dual-fuel propellant.

However, it is recommended that this investigation be
extended in the future to emission analysis of the developed
dual-fuel sugar-based rocket propellant. Also, this paper
focuses on improving the ballistic performance of KNSB
motor by starting the ignition with the designed dual-fuel
propellant. However, the performance implications of the
dual-fuel propellant, being placed in other positions in the
motor have not been established. Therefore, the future work
is suggested to focus on these.
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