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4 ABSTRACT 

Two-dimensional aerodynamic coaxial flow chamber models are analized 
and compared with experimental results. Flow patterns, pressure and 
•velocity profiles, jet entrainment and velocity fluctuations are 
experimentally investigated. Flow patterns are visualized by the 
tracer method. 

•Two-dimensional mathematical models of coaxial flow type furnace are • 
examined and aerodynamic characteristics are investigated analytical 
ly as well as experimentally. The flow entrainment in the jet mixing 
zone is investigated. The flow pattern is compared with that of the 
•corresponding plane models, 

'Numerical calculations using upwind-differencing iterative technique 
are carried out to determine the flow field behaviour. The computed 
results are found to be in fair agreement with the experimental 
.measurements. 

INTRODUCTION 

:Two-dimensional models are common for laboratory experimental invest.: 
.igations [1] . The characteristics of the actual coaxial flow chambers 
are very complicated[2] and j3] . Numerical prediction of flow patter-. 
ns due to a jet issuing into a bounded space brings about an unsatis- -  
factory results if the boundary conditions and the properties of 
.turbulence, are not appropriateN . Experimental observations are 
:therefore indispensable for better understanding of the flow fields 

and j6] . 
In the present paper, the characteristics of jet flow through coaxial 
:chamber, which is often used in boiler furnaces and air conditioning 
'ducts are investigated by means of visualization techniques,velocity_ 
measurements as well as mathematical models[7] and [8] . 

COMPUTATIONS 

•Numerical solutions of Navier-Stokes equation using upwind-different= 
'ing scheme are obtained. The calculations are based on time-dependent 
approach [9] 
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:Parapolic transport equation 
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:Stream function: 

u = 	& v = - 	 (6) ox 
:From eqs. (4) and 	) we get 
'Poisson elliptic equation;  

C = V
2 
 • 411 	 (7) 

Eq. (5) is parabolic in time and it needs initial value. 

Eq. (7) is elliptic in time and it requires boundary value. 
:The finite-difference forms for the vorticity and the stream function are ;  
• n 	4/i.+1,j 
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= - ( ( 8) 
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;Where;  n is the iteration number and h is the node distance. 
Boundary condition;  

The exit flow value A at point B is correlated with four preceding  ;points. Using  Taylor series of expansion to the second derivative. 
Therefore;  

Momentum equations; 
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Wall vorticity;  
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Up stream conditions;  
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EXPERIMENTAL APPARATUS AND DISCUSSION 

.The structure of the jet boundaries in the self-preserved region is 
•visualized by the direct injection of condensed milk. A quantitative 
evaluation of the jet characteristics are recorded by the injection 
of ignited characoal particles in the jet downstream. The flow field 
in the actual chamber is obviously three-dimensional. According to 
extensive observation with 	cold models [101 , however, three- 
dimensional-flow patterns are similar to that of two-dimensional 	• 
model test except for the area near the nozzle. Two-dimensional 

:nozzles issuing in a coaxial chamber are adopted in the experimental 
investigation. Air and water are used as working fluids. 
Fig. 1. shows the generation, growth and diffusion of the vortex- 

:street along the axis are very clearly observed. With the increase of 
velocity, the condensed- milk streak line mixes with the surounding 
water flow with much higher rate. Fig. 2 shows four path line 

.visualization method. In the circulation zone, the velocity is not 
'very high, but it fluctuates due to the generation of different 
scale vortices in the mixing layer. Fig. 3 and Fig. 4. show a 
typical flow velocity measurements for eccentric jet and its corres-: 

!ponding turbulence intensity. Fig. 5. shows three different flow 
patterns at the same Reynolds number, which present clearly a case 
of jet dynamic instability. Fig. 6 shOws two different groups of 	• 
flow patterns demonstrating a fluctuating flow case anda stable flow' 

:condition at a different time of iteration. 

RESULTS AND COMPARISON 

Typical flow patterns observed in the co-axial cylindrical models 	• 
for the air flow. When the outer cylinder diameter (D) is large 
enough compared to the nozzle diameter (d), the main jet reachs the 
end plate of the channel. Unsymmetrical flow is not observed in the 
case of axisymmetrical models. 

From the comparison between the numerical predictions and the exper-
imented flow patterns, it is found that the numerical method employed 
yields a good prediction for the flow field. 

• 

CONCLUSION 

:1. The visualized jet structures reveal a clear understanding of 
the jet behaviour. 

2. The jet flow patterns in coaxial chambers are classified accord- 
ing  

 to the jet stability and the type of jet reattachment. 
3. The numerical predictions are supported by practical results with 

actual types. 

Ht. The criterion of jet flow stability is defined experimentally and 
numerically, within the scope of this research. 

5. The predictions by numerical computations represent satisfactory 
results for the overall flow patterns of thejet coaxial flow • models, even in the cases of jet flow instability. 
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Fig. 3. Velocity Profiles for Eccentric Case 

Fig. 4. Turbulence Intensity 
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