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Abstract 

 

It is known that the heat transfer consist of conduction, convection and radiation 

and there are many projects and models arises from this heat transfer. We, present 

a model base on optically thick limit. The partial differential equations are 

implemented to be solved. In addition, the results are the temperature (T) and the 

optically thick radiation (Qy). 
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1. Introduction 

 

Radiative magneto-hydrodynamics are term often used to describe the interaction 

between the radiation field and magneto- hydrodynamic field (which itself is 

concerned with the interaction of electrically conducting fluids and 

electromagnetic fields). The fundamental equations governing such energy and 

radiative transfer in the fluid. When all is said in done, the essential models of 

heat are comprised of three models the exchange, viz. conduction, convection and 

radiation, happen at the same time. On the off chance that the temperature is not 

especially high and the thickness of the liquid isn't excessively low, the heat move 

by radiation is known to be insignificant in correlation with the warmth move by  
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conduction or potentially convection. Nonetheless, different examinations have 

been done as of late, explicitly concerning explaining the impact of the different 

systems with the heat motion within the channel stream of a charged leading 

liquid within the viewing attractive area these examinations tend to use in issues 

related with lowering the temperature of atomic reactors just as in progressively 

spacious extending territories including the utilization of magneto-hydrodynamic 

siphons and generators. 

 

Furthermore, they additionally serve to improve our expansive under-remaining of 

movements including plasmas and directing liquids for the most part. In every one 

of these applications, we can understand that the temperature is normally 

genuinely high (to some degree in abundance of 〖10〗^4 deg. K). Along these 

lines, the warm radiation transforms into a significant method of warmth move. 

See for example (Zhigulev et al 1963) and (Armstrong et al 1962). 

 

Statement of the Problem 

 

This problem is about a mathematical model for the interaction between fluid 

flow, heat transfer and radiative optical thick limit through a horizontal channel. 

1) Define a horizontal channel of fluid with a parallel wall. 

2) Apply the heat transfer – radiative optically thick limit field uniformly across 

the channel. 

3) The fluid is with heat shifting via conduction, convection and radiation. 

4) Formulate as a nonlinear partial differential equations. 

5) Apply a radiative through the fluid and separate mathematically. 

6) Apply the linearization method to transform algebraic system, through 

Which we have the results of the radiative optically thick limit or otherwise. 

 

Significance of the Study 

 

We expect that this project is useful for the engineering fieldwork and 

implementation of heat shifting via methods of conduction, convection and 

radiation especially in mechanic applications. 

 

2. Review of related Literature and Studies 

 

The equations required describing the interaction between the radiation field and 

MHD field are stated in this place. In general the radiative MHD governing 

equations lead to one of the most complicated mathematical problems due to the  
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integro - differential formulation of the system,(Sparrow and Cess,1987). 

However, there are many approximating models, which can describe the essential 

features of the actual flow within the context of a simpler mathematical structure. 

Consider the steady fully – developed laminar flow of a fluid between parallel 

horizontal walls, distance 2h apart, and select the coordinate system so the x- axis 

is parallel to the channel and along the direction of the flow. The y- axis is taken 

as vertical coordinate measured position upwards whilst the z – axis is in the 

direction mutually orthogonal to the other two axes. 

The bound the channel parallel to the xy – plane are taken to be splendidly 

regulating electrodes that are set apart limitlessly so zero reliance would be upon 

the z- coordinate in the conductivity. 

The interaction between thermal conduction and radiation in the absence of 

thermal convection (Traugott and Wang1964) and (Jonghwan Lee and Juyoung 

Jang, 2016). 

In this article, concentrating will be on the radiation and especially on the 

optically thick limit, (Mosa, 2015). 

 

Also, in this chapter we can mention that the solutions illustrate the effect of 

variation of a most important parameter, which characterizes the regime of 

radiation, the Bouguer number w, see for example ( Helliwell,1966) and (Juyoung 

and Jonghwan, 2018) . 

When w>> 1, which is well known as the optically thick limit [opaque limit], the 

radiation within the medium becomes effectively diffusive. 

 

3. Methodology 

 

This optically thick radiation limit is a special case from the general model and 

governing equations of the radiative magneto- hydrodynamics.  According to that 

the equations of radiative transfer can be written in the forms: 

 
𝑑𝑄

𝑑𝜂
 + wℰ = 4w𝜃4                                                                                                    (1) 

 
𝑑ℰ

𝑑𝜂
 + 3𝑤𝑄 = 0                                                                                                       (2) 

 

As mentioned earlier when the Bouguer number w is much greater than unity, the 

mean free path of radiation is much smaller than the characteristic dimension, in 

this case the channel width, and then every element of the medium is directly 

affected only by its neighbours and the radiative transfer becomes diffuse,  



 

90                                                                                                Mahdi Fadhil Mosa 

 

 

(Sparrow and Cess,1978), see this so-called optically thick limit leads to particular 

solutions of this problem, which it is interesting to compare with the exact 

numerical solution, which will follow in the last section of this chapter 

 

For optically thick gas, setting w >> 1, it follows that is of an order of magnitude 

larger than 𝑄𝑦
  . 

 

Therefore, the term of   
𝑑𝑄𝑦

(1)

𝑑𝜂
 in equation (1) may neglected in comparison with 

other terms. Hence, equation,  
𝑑𝑄𝑦

(1)

𝑑𝜂
 - w 𝜀 = 4w𝜃4, yields 

𝜀 = 4𝜃4.                                                                                                                 (3) 

 

Equation (2) and the relation (3 ) give 

 

𝑄𝑦
 =

16𝜃3

3𝑤
  

𝑑𝜃

𝑑𝜂
 .                                                                                           (4) 

 

 

Equation (4) shows that radiation becomes diffuse with an effective thermal 

conductivity 16θ3/3w . The energy equation, which is 

 

d2θ

d𝜂2  - FN 
dQy

d𝜂 
+ F[ 

du

d𝜂
 ]2 + FM2 [

db

d𝜂
 ]2] = 0                                                           (5) 

 

and equation (4) yield 
 

𝑑

𝑑𝜂
 {[1 +

16𝐹𝑁

3𝑤
𝜃3]

𝑑𝜃

𝑑𝜂
} = −𝐹𝑆(𝜂).                                                                         (6) 

 

Here, 

𝑆(𝜂) = M2 (db. /d 𝜂)2 +  (du/d𝜂)2 

F: is Prantl number 

M: is Hartmann number. 

N= R / BO, Reynolds number/ Boltzmann number 

 

From equation (6), 

Let 𝐾𝑒(𝜃) = 1 +
16𝐹𝑁

3𝑤
𝜃3, 

Introduce a new variable   Φ(𝜃) = ∫ 𝑘0(𝜃′)𝑑𝜃′𝜃

0
, 
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Viz.   Φ(𝜃) = 𝜃 +
4𝐹𝑁

3𝑤
𝜃4. 

 

Then, equation (6) becomes 

 

𝑑2Φ

𝑑𝑛2
= −𝐹 [(

𝑑𝑢

𝑑𝑛
)

2

+ 𝑀2 (
𝑑𝑏

𝑑𝑛
)

2

]                                                                             (7) 

 

Equation (7) and the associated boundary conditions give 

 

𝜃 +
4𝐹𝑁

3𝑤
𝜃4 = 𝐶1 + 𝐶2𝑛 − 𝐹{𝐶3𝑛2 − 𝐶4 𝑐𝑜𝑠ℎ𝑀𝑛 + 𝐶5 𝑜𝑐𝑠ℎ2𝑀𝑛} ,                    (8) 

 

where 

 

𝐶1 =  
2𝑁𝐹

3𝑤
[𝜃4 + 1] + 𝐹[𝐶2 − 𝐶3 𝑐𝑜𝑠ℎ𝑀𝑛 + 𝐶4 𝑜𝑐𝑠ℎ2𝑀𝑛] , 

𝐶2 =
1

2
[𝜃 − 1] +

2𝑁𝐹

3𝑤
[𝜃4 − 1], 

𝐶3 =
1

2
𝑀2𝐶5

2, 

𝐶4 =
2𝑀𝐶10

𝑠𝑖𝑛ℎ𝑀−𝑀𝑐𝑜𝑠ℎ𝑀
  , 

𝐶5 =
𝑀2

(𝑠𝑖𝑛ℎ𝑀−𝑀𝑐𝑜𝑠ℎ𝑀)2 , 

 

The temperature distribution 𝜃 is therefore obtained from the solution of quadratic 

equation ( 8). The Radiative flux Q(1) y  can  be obtained , then directly from 

equation (4). 

 

4. Findings, Results and Discussion 

 

First, a comparison made between the predicted profiles based upon the 

commonly used constant absorption coefficient of radiation, and the more realistic 

coefficient depend upon local density fluid density and temperature. The detailed 

discussions summaries the main points here. Results based upon a model with 

linearized temperature variations, in circumstances when the temperature ratio of 

the walls are approximately taken to be unity, prove to be in better agreement, for 

constant absorption coefficient, with the exact solution than results derived using 

the optically thin or thick radioactive approximation. 

Changes in the coefficient of thermal expansion have a significant effect upon the 
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radiative flux, which is reduced in magnitude when the temperature variation 

leads to rise in fluid density. The temperature distribution is essentially unaffected 

by changes in wall emissivity. 

 

5. Conclusion and Recommendations 

 

The detailed discussions summaries are: 

(1) Results based upon a model with linearized temperature variations, in 

circumstances when the temperature ratio of the walls are approximately taken to 

be unity, prove to be in better agreement, for constant absorption coefficient, with 

the exact solution than results derived using the optically thin or thick radiative 

approximation. 

(2) Changes in the coefficient of thermal expansion have a significant effect 

upon the radiative flux, which reduced in magnitude when the temperature 

variation leads to rise in fluid density. 

(3) The temperature distribution is essentially unaffected by changes in wall 

emissivity. 

(4) Enhancement of radiative flux from a lower wall heated downstream leads 

to a more rapid variation of temperature in the lower half of the channel than in 

the absence of warming; a reversed trend occurs with cooling. 
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