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Abstract 

The propulsion of the rocket is due to the thrust resulting from the 

combustion rate. The propellant energy can be increased by increasing 

the fuel pressure and temperature of the propellant. Increasing the 

pressure and temperature of the propellant will increase its combustion 

rate and the operating conditions of the rocket motor. The most effective 

liquid propellant used is Nitroglycerin (NG). Nitroglycerin was prepared 

using the glycerol nitration method with the principle of an injector-

based reactor. Therefore, in this research, nitroglycerin was made using 

the Injector Reactor method with variations in flow rate and injection 

volume. The results showed that the effect of variations in flow rate and 

solution volume on the synthesis of nitroglycerin caused a change in 

solution temperature. Flow rate is closely related to the volume of 

solution used. The higher the temperature produced, the more heat 

energy will increase so that the pressure and combustion rate of the 

propellant increase. The most optimum results use a flow rate of 200 

µm/s and a solution volume of 6 ml of glycerin, nitric acid, and sulfuric 

acid each with a temperature of 37.6oC. 

Keywords: Glycerin Nitration, Injector, Nitroglycerin, Reactor, 

Rocket Liquid Propellant, Temperature 

1 Introduction 

The need for rockets in military weapons in Indonesia is 

increasing. The research and development of rockets strengthen 

technology for the aviation and space sector. Rockets are 

spacecraft, missiles, or flying vehicles that get a boost through the 

rocket's reaction to the rapid release of fluid material coming out 

of the rocket engine. The action of the exhaust in the combustion 

chamber and the developer nozzle can make the gas flow at 

hypersonic velocity, giving rise to a large reactive thrust for the 

rocket. When the rocket is operating, its movement is caused by 

the thrust that occurs from the combustion reaction of the 

propellant. The propellant combustion reaction will produce very 

high temperatures and pressures so that the rocket will move 

upward [1][2]. 

The most widely used propellant in combustion systems is 

liquid [3][4][5].  Liquid propellant shows advantages such as high 

density, low volatility, low toxicity and corrosivity, high 

decomposition temperature (>300oC), and strong hydrophobicity 

[6] [7][8].  However, liquid propellant has drawbacks, namely 

most liquid propellant depends on hydrazine and its derivatives as 

bipropellant fuel, which is very toxic, and carries high risks for 

handling and transportation, difficulties in synthesis, high costs, 

and incomplete combustion [9] [10] [11] [12]. Incomplete 

combustion will reduce the specific impulse of the fuel, and the 

formation of solid residues can cause erosion of the engine walls 

by solid product particles, which is a barrier to the practical 

application of liquid propellant [13][14]. 

Recently many researchers designing liquid propellants 

introduce oxygen-rich nitrate ester groups to cations to regulate 

oxidation-reduction activity, which can improve combustion 

properties including larger flame and longer duration of burning 

time. This shows that the increase in oxygen content plays a 

positive role to achieve the complete combustion of liquid 

propellant [13][11]. 

Nitroglycerin (NG) has three nitrate ester groups in one 

molecule thus giving this compound a very oxygen-rich nature 

[15][16]. NG is capable of autocatalytic decomposition under 

certain storage conditions, and its tendency to migrate during 

propellant processing and storage has been extensively observed 

and studied [17][18][19]. In addition, NG is a kind of high-

performance energetic material, due to the low melting point of 

NG (287 K), its amount in the propellant must be limited to 

prevent excessive degradation of grain strength, thereby placing 

an upper limit on the performance of NG based propellant., the 

amount in the propellant must be limited to prevent excessive 

degradation of grain strength, thereby placing an upper limit on 

the performance of NG-based propellant [9][15]. NG is 

incorporated in propellant formulations as a strong explosive 

liquid [20][21][22][23][24]. 

The formulation for the formation of NG uses a reversible 

reaction which is formed from the reaction between glycerol and 

Nitric Acid. The reaction equilibrium must shift to the right so that 

the product of NG can be formed. Nitroglycerin equilibrium 

conversion can be achieved by increasing the mole ratio between 

Glycerol and mixed acids between HNO3 and H2SO4 from 1/2 to 

1/7 [25][26].. The process of forming NG uses the glycerol 

nitration method. Several researchers carried out safe and efficient 

nitroglycerin manufacturing processes including using a reactor 

system with the Schmid, Biazzi, and Nitro Injector processes 

[27][28]. The reactor system using the nitro injector process has 

an easier process and requires a lower cost. The NG 

manufacturing process uses an injector to titrate glycerol and the 

acid product used. A stream of titrating acid is injected into the 

injector along with a mixture of glycerin and air [28]. 

The injector system uses the principle of focused 

hydrodynamics so that it can reduce the width of the flow focus to 

facilitate fluid mixing. Molecular diffusion facilitates mixing in 

less than a few microseconds. Microfluid technology in the 

nitration process has developed rapidly. Micro fluids are more 

advantageous than macro fluids in terms of performance and cost 

[29]. Blonski et al., (2011) the results of his research revealed that 

two aspects affect flow deformation. First, the distribution of the 

flow width is not uniform. Second, the shape of the flow depends 

on the degree of curvature of the flow which can change the 

channel axis so that the flow becomes asymmetric [30]. The 

dimensions of the focused hydrodynamic microchannel consist of 

three inlet channels. The microchannel used consists of three input 

channels, namely glycerol, sulfuric acid, and nitric acid channels. 

The most homogeneous mixing concentration uses 10 M [31]. 

Based on the description of the background that has been 

explained, the design and performance test of an injector-based 

NG reactor for rocket propellant will be carried out. The injector 

system used uses the GRBL application.  GRBL is software for 

motion control that can be uploaded to the Arduino library. 

Basically, GRBL is a hex file that can be uploaded to the Arduino 

so that the Arduino can read commands in the form of the given 

code. GRBL will adjust the injector speed according to the 

specified variation. The performance of the resulting material 

depends on variations in flow rates of 100 mm/s, 200 mm/s, and 

300 mm/s and variations in the volume of solution injected, 
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respectively flow rates of 2 ml, 4 ml, and 6 ml. Based on the 

variations in the experiments carried out, the maximum 

temperature value will be seen. The higher the temperature, the 

higher the propulsion energy for the resulting rocket. 

 

2 Research Methods 

2.1 Materials 

The materials used in this study included glycerin (SAP 

Chemical), sulfuric acid (Merck KGaA), nitric acid (Merck 

KGaA), and distilled water. The tools used in this research include 

injectors, Direct Current (DC) motors (Stepping Motor, Model 

17HS4401), adapters, thermocouples (TM-902C Digital 

Thermometer), and reaction tubes (Pyrex). 

2.2 Research procedure  

The procedure for designing research and testing the 

performance of an injector-based nitroglycerin reactor using the 

GRBL Software (controller application consists of three stages, 

namely the first stage of designing a nitroglycerin reaction device. 

The second step is to make a solution of nitroglycerin, sulfuric 

acid, and nitric acid. The third stage of the experiment. 

2.2.1 Nitroglycerin reactor design 

The design of the nitroglycerin reactor in this study is shown in 

Fig. 1.  

 

 
Fig. 1. Nitroglycerin reactor design. 

2.2.2 Preparation of solutions of glycerin, sulfuric acid, and 

nitric acid 

The 10 M solution was prepared in three stages. In the first 

stage, prepared 76.86 ml of glycerin, was then mixed with 100 ml 

of distilled water. After that, give red coloring. The preparation of 

the glycerin solution is shown in Fig. 2. 

 

 

Fig. 2. Preparation of 10 M glycerin solution. 

In the second step, prepare 55.56 ml of sulfuric acid, then mix 

it with 100 ml of distilled water. After that give the yellow 

coloring. The preparation of the glycerin solution is shown in Fig. 

3. 

 
Fig. 3. Preparation of 10 M sulfuric acid solution. 

 

In the third stage, 69.44 ml of nitric acid was prepared, and 

100 ml of distilled water was mixed. After that, give it a blue dye. 

The preparation of the glycerin solution is shown in Fig. 4. 

 
Fig. 4. Preparation of 10 M nitric acid solution. 

 

2.2.3 Experiment 

This study uses the help of the GRBL controller application to 

drive the DC motor so that the injector will issue a solution of 

nitroglycerin, sulfuric acid, and nitric acid according to the 

predetermined variations as shown in Fig. 1. The research 

procedure includes; first of all, is to setting up the equipment 

according to the research scheme and putting the micro duct with 

the injector ratio in the position ready for observation. The 

glycerol, nitric acid, and sulfuric acid solutions used each have a 

concentration of 10 M.  

The solutions are channeled into the test tube using steeper 

sunshine stepping motor connected to the GRBL application with 

speeds from 100 mm/s, 200 mm/s, and 300 mm/s. The volume of 

solution used for each speed is 1 ml, 2 ml, and 3 ml. Then the 

resulting temperature will be measured in the solution formed 

using a thermocouple. The data collection formation in this study 

is shown in Table 1.  

 

Table 1.  Formation design of glycerin nitration process data 

collection. 

 

From data collection, data is obtained in the form of 

temperature formed in the solution. The results of the temperature 

measurement data were plotted in graphical form using the Origin 

Lab program. From the measurement results, then fluid 

mechanical and chemical analysis was carried out. Analysis was 

carried out regarding the effect of variations in flow rate and 

solution volume on the temperature of the resulting solution.  

3 Results and Discussion 

Nitroglycerin (NG) is a liquid explosive and has the energetic 

plasticizer properties of polymer-bonded explosives. Its thermal 

decomposition is closely related to combustion and thermal 

stability during storage [32]. The autocatalytic decomposition of 
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NG shows that the first step of the NG decomposition reaction is 

catalyzed by NO2 free radicals through the hydrogen abstraction 

reaction [33]. Nitration is defined as the reaction between an 

organic compound and a titrating agent, by adding one or more 

nitro groups (-NO2) [34][35]. This reaction is carried out using 

glycerin and a titrated acid mixture containing nitric acid and 

sulfuric acid. The chemical reaction for the formation of 

nitroglycerin in this study is shown in Fig. 5. 

 

Fig. 5. The chemical reaction for the formation of NG. 

 

Fig. 5 shows the chemical reaction for NG formation by the 

glycerin nitration method using a microinjector system and GRLB 

application assistance for microfluidic engineering. Nitration of 

glycerol, or the production of Nitroglycerin, is an important but 

very dangerous process that occurs very rapidly and is exothermic. 

This causes the temperature to rise rapidly which, if not properly 

controlled, will cause an explosion [36][37]. This high risk of 

explosion demonstrates the importance of safe and efficient 

control of the glycerol nitration process. Improving or controlling 

fluid mixing is often a major design aspect of microfluidic devices 

[38]. 

A safe process for nitrating glycerol requires a highly 

exothermic reaction, so it is important to thoroughly study not 

only the reaction process but also the method to carry it out 

[39][40][41]. In addition, the interaction between fluid mechanics 

and chemical reactions is a very interesting topic because it can 

affect mass transfer and other transfer phenomena 

[42][43][44][38]. Microfluidic technology provides a means to 

overcome some of the most pressing drawbacks of conventional 

synthesis methods due to the small capillary dimensions and the 

resulting large surface-to-volume ratio. Through these features, 

fast and uniform mass transfer, and superior control over the 

characteristics of the resulting nanomaterials are possible in 

microfluidic synthesis [45]. Compared to the bulk method, highly 

stable and uniform monodisperse particles with higher 

encapsulation efficiency can be obtained by efficiently controlling 

the geometry of the microfluidic platform and the flow rate of the 

fluid involved [46]. 

The working principle of microfluidic devices is based on the 

movement of fluids in micro-scale channels and special geometric 

spaces, integrating sample preparation, reaction, separation, and 

detection [47][48]. The flow type microreactor is shown in Fig. 6. 

Regarding the synthesis strategy, there are two main types of 

microreactors depending on the manipulation of flow patterns, 

namely, single-phase (continuous flow microfluidics) and multi-

phase flow (droplet-based microfluidics) [49][50]. In microfluidic 

devices, single-phase systems are the most used. The flow pattern 

has homogeneity characteristics and can control process 

parameters, such as flow, amount of reagent, reaction time, and 

temperature [51][52]. The advantages of microfluidic system 

synthesis are shown in Table 1. 

 

 
Fig. 6. Common types of microfluidic flow: (a) co-flow, (b) cross-

flow, (c) flow-focusing, (d) continuous flow, (e) slug flow, and (f) 

annular flow [39][40] [41]. 

 

Table 1. Advantages of synthesis with a microfluidic system. 

Advantages Observation Reference 

High 

reproducibility 
• Reduce batch-to-

batch variation 

• Reproducible 

composition, streams, 

and physicochemical 

properties 

[51][52] 

Well-controlled 

heat transfer 
• Due to the large 

surface-to-volume 

ratio 

• Possibility of rapid 

heating and cooling 

of the reaction 

mixture 

• Temperature 

homogeneity 

• The need is only a 

small heat capacity 

[51][52][49][5

3][54] 

Short reaction 

time 

In the order of minutes [55][54][56]  

Rapid change of 

experimental 

conditions 

In microseconds [58] 

Save costs • Energy material an 

energy inputs are 

required to reduce 

synthesis costs  

• Ability sibility of 

automation reduces 

labor requirements 

and labor-related 

costs 

[51][54][56][5

7]   

High throughput Higher percent yield 

compared to 

conventional reactors, 

due to precise control 

over reaction parameters 

allowing better 

selectivity to the desired 

synthesis product 

[51][56][58]   
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One way to improve process safety and efficiency of fast 

exothermic reactions is to reduce the internal volume of the 

reactor system by using microreactor technology [59][60][61][62]. 

Due to the flow structure in sub-millimeter dimensions in addition 

to microreactors, mass, and heat transfer can be greatly intensified 

compared to conventional batch reactors, and this can offer the 

possibility to carry out reactions under isothermal conditions, such 

as nitration, sulphonation, and oxidation [63][64][65]. In addition, 

the smaller volume of containment microreactors provides high 

operational safety for handling the synthesis of energetic materials 

and for investigating their chemical behavior [66][67]. The 

nitration process in a microreactor has demonstrated the safety 

characteristics of the microreactor and the possibility to optimize 

the reaction by studying the effect of the dependent parameters on 

the reaction rate [63][68][69][70]. The mechanism of increasing 

the rate of mass transfer and nitration can be controlled in the 

intrinsic kinetics regime in the microreactor [63][60][70] 

The mechanism of nitration of organic compounds using 

mixed acids HNO3-H2SO4 is a well-established process to produce 

nitrating compounds. The basic mechanism uses H2SO4 to 

catalyze the formation of NO2+ from HNO3. Thus, the 

concentration of sulfuric acid in the mixed acid phase plays an 

important role in the alcohol nitration process because it affects 

not only the reaction rate but also the product distribution. The 

strength of sulfuric acid (mass percentage of sulfuric acid in the 

total mass of sulfuric acid and water) is generally used to 

determine the type of reaction developed, which permits operation 

in kinetic or mass transfer control regimes when the remaining 

parameters are held constant. This model assumes that organic 

nitration occurs in the aqueous phase close to the interface and is 

controlled by mass transfer of the organic phase across the liquid-

liquid two-phase interface, and the reaction occurs in the mixed 

acid phase [53]. 

In this study, variations in the speed of the injector thrust were 

100, 200, and 300 µm/s, and variations in the volume of glycerin, 

nitric acid, and sulfuric acid solutions were 2, 4, 6 ml with a 

solution concentration of 10 M. The research results for making 

NG using a volume of glycerin solution, 2 ml of nitric acid, and 

sulfuric acid each with variations in the speed of 100, 200, and 

300 µm/s are shown in Fig. 7. The graph of the effect of 

increasing speed on the temperature in a 2 ml volume of solution 

is shown in Fig. 8. The duration of the temperature change is 

shown in Table 2. 

 
Fig. 7. Effect of NG temperature rate with variations in speed (a) 

100, (b) 200, and (c) 300 µm/s with a volume of 2 ml of each 

solution and a concentration of 10 M. 

 
Fig. 8. Graph of the effect of increasing speed on temperature 

resulting in a volume of 2 ml. 

 

Table 2. The length of the temperature change at speed variations 

of 100, 200, and 300 with a volume of 2 ml of glycerin, nitric acid, 

and sulfuric acid solutions. 

Speed Variation (µm/s) Long rate of temperature 

change (s) 

100 98 

200 108 

300 73 

 

Fig. 7, shows a graph of the effect of the NG temperature rate 

on speed variations of 100, 200, and 300 µm/s using a solution of 

glycerin, nitric acid, and sulfuric acid each 2 ml with a 

concentration of 10 M. Table 2, shows that the increase in speed 

The injector thrust provided from 100 to 200 µm/s causes a long 

optimum temperature change rate. When the injector thrust speed 

is increased to 300 µm/s, the optimum temperature change rate 

becomes shorter. The higher the injector speed, the greater the 

momentum of the liquid coming out of the injector [71]. The faster 

the temperature change reaches the optimum point, the faster the 

combustion reaction will result in the NG material. So that in this 

study the optimum results used an injector thrust speed of 300 

µm/s with a volume of 2 ml of glycerin, nitric acid, and sulfuric 

acid solution. In Fig. 7, the speed variation of 100 µm/s forms an 

optimum temperature of 33.4oC. The speed variation of 200 µm/s 

creates an optimum temperature of 33.6oC. The speed variation of 

300 µm/s creates an optimum temperature of 34.8oC. Generally, 

the firing rate increases or decreases as the pressure is increased or 

decreased. The combustion rate is also affected by the temperature 

of the propellant if the temperature increases, the combustion rate 

increases and if the temperature decreases, the combustion rate 

decreases. The combustion rate also depends on the heating value 

of the propellant, the higher the heating value, the higher the 

combustion rate of the propellant [72]. Thus, the optimal 

temperature is formed at a speed variation of 300 µm/s with a 

temperature of 34.8oC. 

The results of research on making NG using a volume of 

glycerin, nitric acid, and sulfuric acid solutions of 4 ml each with 

variations in the speed of 100, 200, and 300 µm/s are shown in 

Fig. 9. The duration of the temperature change is shown in Table 

3. Table 3 shows that increasing the injector thrust speed given 

from 100 to 300 µm/s causes a difference in the length of the 

optimum temperature change rate. The increasing the thrust speed 

of the injector, the faster the resulting optimum temperature 

change rate. The higher the injector speed, the greater the 

momentum of the liquid coming out of the injector [71]. The faster 
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the temperature change reaches the optimum point, the faster the 

combustion reaction will result in the NG material. So that in this 

study the optimum results used an injector thrust speed of 300 

µm/s with a volume of 4 ml of glycerin, nitric acid, and sulfuric 

solution. 

 
Fig. 9. Effect of NG temperature with variations in speed (a) 100, 

(b) 200, and (c) 300 µm/s with a volume of 4 ml of each solution 

and a concentration of 10 M. 

 
Fig. 10. Graph of the effect of increasing speed on temperature 

resulting in a volume of 4 ml. 

 

Table 3. The length of the temperature change at speed variations 

of 100, 200, and 300 with a volume of 4 ml of glycerin, nitric acid, 

and sulfuric acid solutions. 

Speed Variation (µm/s) Long rate of temperature 

change (s) 

100 180 

200 98 

300 75 

 

 Fig. 10 shows a speed variation of 100 µm/s, forming an 

optimum temperature of 36.6oC. The speed variation of 200 µm/s 

creates an optimum temperature of 36.7oC. The speed variation of 

300 µm/s creates an optimum temperature of 37.1oC. Thus, as the 

speed increases, the resulting temperature change increases. The 

optimal temperature is formed at a speed variation of 300 µm/s 

with a temperature of 37.1oC. The rate of combustion increases 

when the temperature of the propellant used is higher. The higher 

the temperature of the propellant, the higher the heat energy 

produced [72]. The results of research on making NG using a 

volume of 6 ml of glycerin, nitric acid, and sulfuric acid each with 

variations in the speed of 100, 200, and 300 µm/s are shown in 

Fig. 11. The duration of the temperature change is shown in Table 

4. 

 

Table 4. The length of the temperature change at speed variations 

of 100, 200, and 300 with a volume of 6 ml of glycerin, nitric acid, 

and sulfuric acid solutions. 

Speed Variation (µm/s) Long rate of 

temperature change (s) 

100 242 

200 119 

300 116 

 

Fig. 11. Effect of NG temperature with variations in speed (a) 100, 

(b) 200, and (c) 300 µm/s with a volume of 6 ml of each solution 

and a concentration of 10 M. 

Table 4 and Fig. 11, show that increasing the injector thrust 

speed given from 100 to 300 µm/s causes a difference in the 

length of the optimum temperature change rate. The higher the 

injector thrust speed, the faster the resulting optimum temperature 

change rate. The faster the temperature change reaches the 

optimum point, the faster the combustion reaction will result in the 

NG material. So that in this study the optimum results were 

produced using an injector thrust speed of 200 µm/s with a 

solution volume of 6 ml of glycerin, nitric acid, and sulfuric acid. 

Fig. 12 shows a graph of the effect of the NG temperature 

rate on speed variations of 100, 200, and 300 µm/s using a 

solution of glycerin, nitric acid, and sulfuric acid each 6 ml with a 

concentration of 10 M. At a speed variation of 100 µm/s formed 

optimum temperature of 35.3oC. The speed variation of 200 µm/s 

creates an optimum temperature of 37.6oC. The speed variation of 

300 µm/s creates an optimum temperature of 37.5oC. Increasing 

the speed from 100 to 200 causes an increase in the optimum 

temperature produced µm/s. When the boost speed of the injector 

is increased to 300 µm/s it causes the resulting optimum 

temperature to decrease. The higher the propellant temperature, 

the higher the combustion rate and the resulting heat energy [72]. 

So that in this study the highest optimal temperature was formed 
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using a variation of the injector thrust speed of 200 µm/s with a 

temperature of 37.6oC. 

 

Fig. 12. Graph of the effect of increasing speed on temperature 

resulting in a volume of 6 ml. 

 

Based on the research that has been done, droplet length is a 

measure of the volume of droplets produced. Relative 

displacement is a measurement of the likelihood of droplet 

interactions in that droplets that are closer together are more likely 

to interact (perhaps merge) than droplets with a greater relative 

distance. The measurement of falling velocity is proportional to 

the velocity of the surrounding fluid, so its value is also a measure 

of the velocity of the continuous-phase fluid. However, the 

presence of surfactant can change this measurement because the 

speed will be affected by chemical injection in the form of 

Marangoni stress [73][74][75][76][77]. During the dispersion of 

the solution, the surface tension gradient of the driving force is 

balanced by the viscous forces in the liquid. Marangoni stress-

driven dispersion at the air-liquid interface can be categorized into 

dispersion on the liquid support used [78][73][79][80][81][74][82] 

[83]. So that if the viscosity of the solution has the same 

concentration, in this study the addition of the volume of the 

solution has an important effect on changes in solution 

temperature. Based on the research analysis results, the graph of 

the effect of adding the volume of solution on the resulting 

temperature at an injector thrust speed of 100 µm/s is shown in 

Fig. 13. 

 

 

Fig. 13. The effect of adding volume to the resulting temperature 

at a speed of 100 µm/s. 

 

Fig. 13, shows the thrust speed of the injector used is 100 µm/s 

with variations in the change in solution volume of 2, 4, and 6 ml. 

Increasing the volume of the solution from 2 to 4 ml resulted in an 

optimum temperature of 33.4oC and 36.6oC respectively, these 

results showed that the resulting optimum temperature was getting 

higher. When the volume was added to 6 ml it showed an 

optimum temperature decrease of 35.3oC. So that when using an 

injector thrust speed of 100 µm/s, the volume of a glycerol 

solution, nitric acid, and sulfuric acid used is 4 ml each. The graph 

of the effect of increasing the volume on the resulting temperature 

at the injector thrust speed of 200 µm/s is shown in Fig. 14. 

 

 
Fig. 14. Graph of the effect of increasing the volume on the 

resulting temperature at a speed of 200 µm/s. 

 

Fig. 14, shows the thrust speed of the injector used is 200 µm/s 

with variations in the change in solution volume of 2, 4, and 6 ml. 

Variations in the volume of the 2 ml solution produce an optimum 

temperature of 33.6oC, variations in the volume of the 4 ml 

solution produce an optimum temperature of 36.7oC, and 

variations in the volume of the 6 ml solution produce an optimum 

temperature of 37.6oC. As the volume of solution used increases, 

the resulting optimum temperature increases. So that when using 

an injector thrust speed of 200 µm/s, the volume of a glycerol 

solution, nitric acid, and sulfuric acid used is 6 ml each. The graph 

of the effect of increasing volume on temperature resulted in an 

injector boost speed of 300 µm/s is shown in Fig. 15. Fig. 15, 

shows that the injector thrust speed used was 300 µm/s with 

variations in solution volume changes of 2, 4, and 6 ml. Variations 

in the volume of the 2 ml solution produce an optimum 

temperature of 34.8oC, variations in the volume of the 4 ml 

solution produce an optimum temperature of 37.1oC, and 

variations in the volume of the 6 ml solution produce an optimum 

temperature of 37.5oC. As the volume of solution used increases, 

the resulting optimum temperature increases. So that when using 

an injector thrust speed of 300 µm/s, the volume of a glycerol 

solution, nitric acid, and sulfuric acid used is 6 ml each. 

 

 
Fig. 15. Graph of the effect of increasing the volume on the 

resulting temperature at a speed of 300 µm/s. 
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The combustion rate of the rocket propellant depends on 

several factors related to the ignition rate, pressure, and initial 

temperature of the propellant [84]. The energy of the propellant 

can be increased by increasing the pressure and temperature of the 

propellant. Increasing the temperature of the propellant will 

increase the heat energy produced so that the pressure, the 

combustion rate, and the operation of the rocket motor increase 

[84] [85]. Based on the results of the research analysis, the 

optimum temperature of 37.6oC was found at a variation of the 

injector thrust speed of 200 µm/s with variations in the volume of 

glycerin, nitric acid, and sulfuric acid each of 6 ml.  

The results of this research apply the Maxwell-Boltzman 

principle which provides an understanding of kinetic chemical 

processes involving biomolecular collisions. Molecular collisions 

are one of the most important events that occur in Nature, 

affecting almost every aspect of our lives. Molecular collisions 

have a direct influence on a variety of phenomena including 

thermal conduction (heat transfer), diffusion (mass transfer), 

viscous effect (momentum transfer), friction (heat dissipation), 

and chemical reactions  [86][87][88][89][90][91][92][93][94]. The 

rate of a chemical reaction can be empirically related to the 

reaction temperature using the following general expression (Eq. 

1) [95]. 

 

k(T)=bTm  …………………………. 1 

where k is the chemical reaction rate, T is the reaction 

temperature, and b and m are the characteristic parameters of each 

chemical reaction [95]. 

4. Conclusion 

The effect of variations in flow rate and solution volume on the 

synthesis of nitroglycerin causes a change in solution temperature. 

Flow rate is closely related to the volume of solution used. The 

most optimal results use a flow rate of 200 µm/s and a solution 

volume of 6 ml of glycerin, nitric acid, and sulfuric acid, each 

with a temperature of 37.6oC. 
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