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In this paper, we have applied differential transformation multi-step analytical method 

(multi-step differential transformation method) to study the thermal behavior in the solar air 

collectors. The Results obtained are compared with the numerical solution by Runge-Kutta 

fourth order method. Then the effects of some parameters such as a mass flow of air and the 

dimensions of the collector on the thermal performance of the collector are made. The 

thermal efficiency increases with increasing airflow. The thermal efficiency of solar air 

collectors decreases with increasing of the solar collector length. The results show the 

robustness of the multi-step differential transformation method proposed over the standard 

technique (differential transformation method) and a comparison shows the applicability, 

reliability and simplicity of the technique used. 
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1. INTRODUCTION

Seen importance of clean energy or renewable, has to 

know wind energy, hydraulics, Biomass, geothermal and 

solar, in this study one interested in solar energy and their 

applications and using the advantages of solar energy, during 

last years a particulate attention was dedicated have the solar 

collectors have air. Who is usually used for the heating, 

drying and cooling in the majority of the domestic and 

industrial applications. For this reason, many researchers are 

focus with the thermal contribution of the solar air collectors 

[1-3]. 

Nonlinear equations in engineering can be solved using 

many methods [4-7]. Multi-step differential transformation 

Method (Ms-DTM) is applied to obtain the solutions of 

various kinds of problems for and PDEs [8-10], Kuo et al. 

[11] provided analytical solutions of the dynamics

distributions of the problem of boundary layer falkenskane in

the form of a series of power, a comparison of resulting

shows the effectiveness of the DTM method. Khader et al.

[12] characterized the flow of a non-Newtonian fluid in a

porous environment, and with the presence of a thermal

radiation source by differential equations with the PDEs;

these equations are transformed into a non-linear system

ODEs. The equations obtained are solved analytically by

DTM method. The study carried out by Hessameddin [13]

visualized good manners the effectiveness of the DTM

method to solve a non-linear problem of heat transfer, a

comparison was to make between the techniques used DTM

with the other methods analytical, namely: Variational

iteration method VIM, Homotopy analysis method

(HPM).The work carried out by and its teams are successful

has bracket the DTM method  to determine the distribution of

the temperatures inside a solar air collector, this study 

comprised a comparison thoroughly of the analytical method 

used (DTM) method, compared to the method of Runge-

Kutta of fourth order, Precision, effectiveness, iteration count 

and the speed of convergence of the analytical techniques to 

attract the attention of several researchers who are interested 

in the development of new algorithms, which improve the 

behavior of the analytical methods. Hatami et al. [14] 

developed algorithm represents a differential transformation 

multi-step method (Ms-DTM), good results manners the 

advantages of (Ms-DTM) method compared to (DTM) 

method. Joneidi et al. [15] used (DTM) method to determine 

fin efficiency of convective straight fins with temperature 

dependent thermal conductivity, and he compared to exact 

solution and fourth order Runge-Kutta numerical solution, 

and showed that the method provides high accuracy DTM to 

solve the problems of heat transfer in engineering. 

The aim of this work is the analytical study of the thermal 

behavior of a solar air collector using multi-step differential 

transformation analytical method (Ms-DTM), the results 

obtained compared with the numerical by Runge Kutta of 

fourth order method, the effect of some parameters on the 

performance of solar air collectors are treated. 

2. MATERIALS AND METHODS

The Figure 1 illustrates a volume control of a solar air 

collector, and there compose, namely: a cover glass, an 

absorber plate, an air duct and rear plate. 
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Figure 1. Simple solar air heater 

 

The energy balance of absorber plate is given as follows: 
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The air energy balance of fluid is given as follows: 
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The energy balance on the surface of the back plate (1 × dx) 

gives 
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Given that, Ub is much UT, UL ≈ Ut Therefore, Ub is 

neglected and Eq. (3) is solved for Tb: 
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Substitution of Eq. (4) in Eq. (1) gives 
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Substitution of Eq. (4) into Eq. (2) gives; 
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Considering Eqns. (5) and (7), the following equations are 

obtained 
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In all previous mathematical models, we assume that air 

behaves for an ideal gas with a constant specific heat, which 

would produce an error in the thermal analysis. In reality, the 

specific heat of air varies with temperature and this will 

significantly influence the thermal performance of the 

collector. A model was presented by a team of researchers 

called the polynomial equation of NASA [16]. This model 

has the following formula for the ambient temperature 

between 200 K and 1000K: 
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pC a bT= +
                              (11) 

 

where Rg is the gas constant (J/kg K). For low temperatures 

(275 K–400 K), the specific heat is almost linear [5], that is, a 

close approximation. 

By using the table of physical properties for air at different 

temperatures in ref. [18], the coefficients “a” and “b” 

obtained 980.52 and 0.083, respectively. By substituting Eq. 

(11) into Eq. (8) and rearranging the equation, we obtained 

the following: 
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The initial state of the Eq. (12) is 
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T=Ti, at.  x=0                             (12-b) 

 

To calculate the convection heat transfer coefficients, the 

Reynolds number should be determined. 

 

e

c

VD m D
R

A



 

•

= =

                            (13) 

 

where Ac = s×W and D is the hydraulic diameter of the 

channel. 
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After determination of the Reynolds number, the 

coefficients of heat transfer by convection of turbulent flow 

will be calculated as follows [19]: 
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The following relation expresses the thermal efficiency of 

the collector [16-17]: 
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3. MULTI-STEP DIFFERENTIAL 

TRANSFORMATION METHOD (MS-DTM) 

 

We consider an ordinary differential equation of n terms 

this by [14]: 
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The theory of differential transformation method (DTM) 

and extension there (Ms-DTM) are very convenient for 

solving nonlinear differential equations ordinary or partial. 

The principle of the (Ms-DTM) method retains the overall 

shape of the standard method (DTM) the difference lies in 

the new strategy of differential transformation adopted for 

operating. 
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When t i = 0 the form of equation (18) is a private event of 

the form: 
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Differential processing of the function x (t) is expressed by: 

 

( )
( )

0
0

!

kk

k
k

t

d x tH
X k

k dt



=
=

 
=  

  
                      (20) 

 

where x (t) is the original function, X (k) is the transformed 

function and H is a constant. Reverse differential processing 

of the function X (k) is given by: 
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The functions are determined from the boundary 

conditions or initial conditions.  

Mathematical operators carried out by the method (Ms-

DTM) will be represented in the Table 1. 

 

Table 1. The basic operations on the two methods of DTM 

and Ms-DTM [10] 
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4. IMPLEMENTATION OF MULTI-STEP 

DIFFERENTIAL TRANSFORMATION METHOD 

 

It was applied to determine the temperature distribution 

and thermal efficiency. 

We can rewrite the equation (12-a) in the form: 
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Taking T factor in coma 
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Using Table 1 equation 12 becomes of the following form: 
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The iterative relationship of the temperature distribution 

from the (Ms-DTM) method given by: 
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From the boundary condition presented by the equation. 

(12-b) is obtained 
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The components of the solution of the temperature 

distribution according to the method (Ms-DTM) are 

expressed by: 
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Finally, and after a certain number of iterations, the 

solution of equation (12-a) by the Ms-DTM method is given 

by: 
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5. RESULTS AND DISCUSSIONS 
 

The temperature distribution in solar air collectors, 

governed by nonlinear ordinary differential equation of the 

first order (Eq. 7), this equation was solved numerically by 

the Runge-Kutta method of order four and analytically by a 

new approach called the differential multi-step processing 

method (Ms-DTM). The thermo-physical properties of the air 

are shown in Table 2. 

 

Table 2. The thermo-physical properties of the air 

 
Parameter value Parameter value 

𝒂 980.52 
tG  2890, .  w m−  

𝒃 0.083 
aT  323,k  

𝒔 0.015 (m) m  10.06 , .Kg s−  

𝒉𝒓,𝒑−𝒃 7.395(W.m-2 k-1) W  1.2,m  

𝝁 5 1 12.051 10 ,  . .Kg m s− − −  lU  126.5, .  .kW m− −  

𝒌 0.029(W.m-1.K-1)   0.9 

 

From the Figure 2, it is clearly demonstrated that wander 

in case H takes the value (H=-3.87812) is significantly lower 

than the other case (H=1, -3.46302, and -3.66571), firstly, 

and secondly it very clear in the table (2) the accuracy of the 

Ms-DTM method strongly held to the value of the constant H. 

This constant takes different values from 1 in which the 

method converges rapidly with high accuracy (the roam 

becomes small). 

 

 
 
Figure 2. Effects of constant H on the variation of error for 

the different analytical methods 

 
Table 3. Comparison between numerical and analytical 

results of the temperature distribution of the sensor 

when W =  0.6 and m = 0.02 

 
𝛈 Numerical 

RK4 

DTM 

H=1 

Ms-DTM 

H=-3.463 

Ms-DTM 

H=-3.665 

Ms-DTM 

H= -3.878 

5.00 403.549 403.803 403.518 403.508 403.529 

4.00 392.929 393.13 392.913 392.921 392.929 

3.00 380.089 380.229 380.1 380.094 380.089 

2.00 364.558 364.635 364.569 364.566 364.563 

1.00 345.761 345.786 345.766 345.766 345.765 

0.00 323.00 323.00 323.00 323.00 323.00 

 

In Figure 3, we looked at the effect of the width of the 

sensor on the distribution of the collector temperatures when 

m=0.08. It is clearly seen in this figure that there is a 

proportional relationship between the temperature 

distribution and the width of the sensor "W". 

The air mass flow effect on the distribution of the collector 

temperature is visualized in Figure 4 when W=0.6 is 

observed that the temperature distribution decreases with 

increase of air mass flow "m" and the highest temperature is 

shown at the collector extremity. 

Finally, it was investigated the effects of the mass flow of 

air and the length of the thermal efficiency of solar collectors. 

Which are illustrated in the Figures 5- 6, for different values 
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of mass flow of air and the length of the collector. 

 

 
 

Figure 3. Effect of the length of the collector on the 

temperature profile for m=0.08 

 

 
 

Figure 4. Effect of mass flow on the temperature profile for 

w=0.6 

 

 
 

Figure 5. Variation of the thermal efficiency based on the 

collector length for various values of mass flow of air 

 

 
 

Figure 6. Variation of thermal efficiency as a function of 

mass flow for different values of the length of the sensor 

According to figures viewed, it is clear that the thermal 

efficiency of the sensor takes high values for high airflow 

(the thermal efficiency increases with increasing mass flow) 

and therefore the heat useful (Qu) will be diminished. But 

against the dimensions of the collector affected negatively on 

thermal efficiency. 

 
 
6. CONCLUSION 

 

In this article, we will cover a thermal study of a solar air. 

We start with the mathematical formulation of the problem 

studied, then we solve the nonlinear ordinary differential 

equation of the first order that characterizes the temperature 

distribution numerically by the Runge Kutta analytically and 

a new approach was applied to solve the problem considered 

(Ms-DTM). We then show the advantage of the technique 

used (Ms-DTM) than the standard technique (DTM) and the 

effects of parameters, namely airflow sensor and the length 

of the thermal efficiency of solar air collector was done. 

The main conclusions to be drawn from this study are: 

• The thermal efficiency increases with increasing 

airflow. 

• Increasing the sensor length is decreasing thermal 

efficiency. 

• The results show the robustness of the method (Ms-

DTM) proposed over the standard technique (DTM) 

and a comparison shows the applicability, reliability 

and simplicity of the technique used. 

• The presence of the constant H in the solution 

provided by the new approach (Ms-DTM) 

consequently increase the efficiency of the new 

method approach (Ms-DTM) in terms of accuracy and 

convergence rate (decreased the number of iterations). 
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NOMENCLATURE 

 

A surface, m2 

cp Specific heat, J.Kg-1. k-1 

hc convective-exchange coefficient, W.m-2. k-1 

hr radiative-exchange coefficient, W.m-2.k-1 

s channel height, m 

S solar intensity, w.m-2 

l length of the collector, m 

m
•

 mass flow, Kg.s-1 

m Mass, kg 

Q heat flow, w 

t time, s 

T temperature, °C 

w width of the collector, m 

U loss coefficient, W. m-2. k-1 

D hydraulic diameter, m 

 

Greek symbols 

 

 

P  Absorbance 

T  Theraml efficiency 

  transmittance 
  thermal conductivity W. m-1.k-1 

  thickness, (m) 

 

Subscripts 

 

 

a Ambient 

b back plate 

p absorber plate 

g glass cover 

in insulator  

p absorber plate 

Li Derivative operator 
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