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Abstract. Hydrogen peroxide has a wide range of application in medical, technological and in space 

micro thrusters and propulsion devices. The fluid is available in varying concentration depending upon the 

application.  High concentrations of the order of 60-99% are used in space propulsion devices.  The 

variation of concentration of hydrogen peroxide after passing through a catalyst like silver occurs in micro 

thrusters used in nano satellites.  In the present work, a numerical model is developed using COMSOL for 

hydrogen peroxide concentration detection using a infrared sensor. The current work is on development of 

a mathematical model with validation of experiments done previously [1].  The changes in the refractive 

index with respect to the concentration of hydrogen peroxide are sensed using a IR transmitter/receiver 

circuit and the behaviors are predicted by the developed numerical model. 

 

1 Introduction 

Hydrogen peroxide is considered to be a green propellant. 

Less toxic and more efficient fuels are now under study 

all over the world by various organizations for space 

propulsion. One of such kind is hydrogen peroxide. The 

fluid is available in varying concentrations starting from 

3% to 95%. Hydrogen peroxide finds its application in 

various fields. In medical applications low concentration 

(6%) is used as a mild antiseptic and rinsing agent. 5% 

concentration of hydrogen peroxide is used for 

marinating meat which kills pathogens. Many industries 

utilize Hydrogen peroxide as a bleaching agent. It is also 

used in paper industry. It gains primary importance since 

it is a non-polluting and eco-friendly fluid since it breaks 

down to water and oxygen only. It is used in an oxidizer 

unit for rocket. As various concentrations have different 

applications it is necessary to measure the concentration 

value for Hydrogen peroxide during a process. While 

measuring the concentration value, nonintrusive methods 

are preferred. One such non-intrusive sensor is an IR 

Sensor in which IR rays emitting from the transmitter 

reaches the receiver after crossing the Hydrogen peroxide 

which flows through a glass tube.  Different 

concentration of Hydrogen peroxide has different 

refractive indices. The infrared rays crossing through the 

fluid refract more or less according to its concentration. 

 

 A photo diode is used as a receiver which captures 

the photons from the IR source and converts them into an 

equivalent electric current. The variation in this value of 

current can be calibrated and used to determine the 

concentration of Hydrogen peroxide. Some of the 

previous works in this field includes the following.  More 

detailed studies on this IR transceiver circuit is detailed 

by Mithran and Venkatesan [2]. COMSOL multiphysics 

package with ray optics module was used to validate the  

 

study on the effect of flow regimes of two phase flows on 

IR behavior.   

Drga et al. [3] did a mathematical modelling using 

COMSOL on PIR detector by radiation related to security 

system which operates  in infrared region.  Suarez et al. 

[4] created a model on heat transfer in isometric and 

homogenous solids using infrared photo thermal 

radiometry. Arunkumar et al. [5] used IR sensor and 

receiver to analyze the flow regimes in a two phase flow. 

Cannas et al. [6]modelled active infrared thermography, 

which was used to detect defects in concrete structures. 

Armando et al. [7] used COMSOL to model and optimize 

IR cell and analyzed the characteristics of catalysts. Bao-

Jing et al. [8] used an optical device to measure the 

content of Hydrogen peroxide based on the refractive 

index variation. The method could succes sfully predict 

the concentrations up to 30%. Sellers et al. [9] used a 

chemical method using potassium titanium oxalate to 

determine the presence of Hydrogen peroxide. Frew et al. 

[10] proposed five different methods for the 

determination of Hydrogen peroxide concentration. They 

were spectroscopic methods. Nogueira et al. [11] used a 

multivariate technique to optimize the spectroscopic 

method, which uses metavanadate in acidic medium.  

The above literature details the various works 

reported on IR sensors, simulation using Comsol 

Multiphysics and other methods used for detecting 

concentration of hydrogen peroxide.  However, no work 

has been reported so far on using IR sensors for detection 

of concentration of hydrogen peroxide.  The experiments 

done in Mohith et al. [1] are used for validation in the 

present work.  A mathematical model is developed to 

analyze the effects of concentration on IR signal output.  

The model can be used to predict the concentrations with 

proper calibrations. 
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2 Numerical model 

The model developed in Comsol multiphysics consists of 

a cylindrical tube of length 50mm, internal diameter of 

2.6mm and external diameter of 3.2mm. The material 

used for the tube is Silica glass with a refractive index of 

1.45 and density 2203 kg/m
3
. The dimensions and 

properties used are same as that of the experiments done 

by Mohith et al. [1].  The transmitter and the photo diode 

is modelled with the dimensions as mentioned in the 

manufacturer’s data sheet [14] and [15]. The transmitter 

is placed at a distance of 3mm from the axis of the tube. 

The wavelength of the source is given as 940nm which 

corresponds to IR wavelength. The rays are projected 

from the source in a conical geometry. The angle of the 

cone is /6 radians. This configuration corresponds to the 

IR transmitting diode.  5000 rays are transmitted from the 

source. The number of secondary rays are made zero as it 

will not affect the current study. The wall (boundary at 

which the refracted rays are counted) of the photo diode 

is at a distance of 12.6mm from the source.  This wall is 

considered as the base of the photo diode.  

 

Fig. 1. Numerical model 

 

The governing equations that is considered while 

modelling the ray paths  are  

 

 

 

In which q, k, ω and t corresponds to ray position, 

wave vector, angular frequency and time domain 

respectively. The equations mentioned above are 

obtained from Snell’s law. 

 

 

3 Results and Discussion 

 

The concentration of the single phase hydrogen peroxide 

is measured based upon the variation in the number of 

refracted IR rays. The problem is modeled for a 

stationary single phase hydrogen peroxide. The results 

obtained would be similar even for single phase 

Hydrogen peroxide in flow. The number of rays that are 

captured in the photo diode is modelled for different 

concentrations of hydrogen peroxide. The number of rays 

reaching the inner wall of the diode depends on the 

refractive index of the media that are in between the 

source and the wall. The different refractive indices of 

hydrogen peroxide of various concentrations are obtained 

from [12]. In a photo diode the current value depends on 

the number of photons falling on it. 5000 IR rays are 

assumed in the present work and they can be varied 

depending upon the application.  The ray trajectory in the 

observed study is as shown below.  

  

Fig. 2. Ray plot 

Different number of rays is used initially and it is 

found out that the precision increases with increasing 

number of rays. The value did not change much beyond 

the chosen rays (5000) used in the work. The number of 

refracted IR rays in the selection increases with increase 

in concentration of hydrogen peroxide. The difference in 

refractive indices is because of variation in densities. The 

outputs obtained from the numerical simulation are 

tabulated as follows.  

The obtained results are plotted and are observed to 

be linear. This is in accordance with the linear variation 

of refractive index and concentration. These values show 

variations similar to the ones obtained from experiment. 

The experiments detailed in Mohith et al. [1] was 

conducted for 0% (distilled water), 6% and 30% 

concentrations of Hydrogen peroxide. The current values 

obtained for 0%, 6% and 30% were 0.00014mA, 

0.00012mA and 0.00005mA respectively. The number of 

rays obtained at the receiving end for a input of 5000 rays 

is shown in Table 1 and is plotted in Fig. 3.   

 

4 Conclusion 

A numerical model is developed using COMSOL 

Multiphysics software.  An IR transceiver setup is 

designed to measure the variation in concentration of 

hydrogen peroxide. This model can be used for 

continuous measurement of concentration of a fluid in 

flow (online measurement). Such online measurement 

techniques can be employed in the design of micro 

thrusters using single phase hydrogen peroxide as a fuel 

in nano satellites.  
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TABLE 1. 

Concentration used Number of rays in selection 

0 (water) 4087 

6 4097 

10 4099 

19.9 4111 

30.1 4125 

40.0 4131 

50.1 4140 

60.6 4150 

70.1 4161 

79.8 4174 

92.3 4180 

96.2 4186 

99.3 4192 

    

 

Fig. 3. Concentration vs number of rays 
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