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Abstract: A T-type ejector was developed to replace 

conventional spray nozzle in engineering. The gas of c3h8 

and air gets a complete mixing in the T-type ejector. The 

mole fraction of c3h8 changes from 3.14% to 3.3% as the 

inlet pressures of c3h8 gas change from 20000 to 120000 Pa 

and it revealed that the mole fraction of c3h8 is not sensitive 

to inlet pressure. To evaluate the heat transfer performance, 

the premixed combustion of propane and air was studied by 

both of numerical calculation and experiment. The 

combustion is stable in the case of this article and the 

surface heat transfer coefficient of the paving plate is 

decreased gradually from time 100 s to 800 s. The 

temperature of paving plate shows gradual downward trend 

in 460-385 k after combustion heating 300 s.  As a result, the 

numerical analysis model in this article can be used to 

predict the temperature of the paving plate of asphalt paver 

when using T-type ejector. This paper is supported by 

Hunan Provincial Natural Science Foundation of China 

(14JJ3149). 
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I.   Introduction 

 
The heat convection by combustion is widely used in 

heating plate in industry, such as the line heating abroad in ship 

engineering, and the combustion heating in steel manufacture, 

and the gas-cooker, ext. In conventional combustion heating 

study, the spray nozzle is customarily applied to heat the 

surface plate for its deeply research in experimental parameter. 

But it is obvious that the energy concentrates too much at the 

outlet of spray nozzle and the temperature uniformity which is 

important in industry cannot achieve quickly.  

A new T-type ejector (Fig 1) is analyzed in this article. 

The ejector is fixed on the screed of asphalt paver which is 

used to pave highway. To avoid the damage to smooth paved 

surface from the cold asphalt mixture coagulated on paving 

plate, the paving plate temperature need to be heated up to 100 

C° in 5 to 10 minutes considering the engineering efficiency 

that influence the cost of road construction seriously. The T-

type ejector is made up of a traditional ejector and a side-by-

side distributed nozzle. The gas of c3h8 and air were premixed 

in the T-type ejector. The premixed gas produced by the T-type 

ejector is ejected from nozzle in a form of plane and then 

burned in the combustion chamber (Fig2). The paving plate on 

the bottom side of screed heats up by convective heat transfer 

in the combustion chamber. 

Using computational fluid dynamic, the premixed 

property of the T-type ejector in asphalt paver was analyzed in 

this article. To evaluate the heat transfer performance, the 
premixed combustion of propane and air was studied by both of 

numerical calculation and experiment. 
 

 
Fig 1: T-type ejector 

 

 
Fig 2: The combustion chamber of asphalt paver 

 
II. Numerical Model 

 
The heating process in this study was consisting of two 

stages respectively premix and combustion. At the first stage, 

there is physical mix between propane and air in the eject flow 

region. At the second stage, there is chemical combustion 

between the two species in the chamber flow region. 

In this numerical model, the outlet of T-type ejector was 

set to pressure outlet for the flow region in chamber was 

connected to air environment. Both inlets of propane and air 

were set to pressure inlet. The inlet of air and outlet of T-type 

ejector were set to 0 Pa. The air was sucked into ejector by the 

negative pressure created by the propane gas flow. The two 
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species gases of propane and air were mixed in the turbulent 

area of the T-type ejector. Considering the pressure limits of 

gas cylinder in engineering, the numerical calculation of 

ejector was with varying pressures of inlet in 20000 Pa, 40000 

Pa, 60000 Pa, 80000 Pa, 100000 Pa and 120000 Pa to evaluate 

the premixed property.  

The premixed gas was ejected from nozzle and burnt in 

chamber. The burnt stream transferred heat to the steel paving 

plate by heat convection. In this combustion model, the species 

model of partially premixed combustion was used for the 

combustion process is neither purely premixed nor purely non-

premixed. The premixed gas from ejector was set to be fuel 

and the air in chamber was set to be oxidizer. The reference 

temperature was set to 288.16 k. As the flow region in ejector 

and chamber is irregular, the RNG κ-ε model was used to 

calculate the turbulent flow.  

 
III. Results and Discussion 

 

Effect of inlet pressure on the species properties 

In combustion theory, the mole fraction of c3h8 in 

theoretic complete combustion is 0.0403, and the burning 

condition of mole fraction of c3h8 is from 0.022 to 0.095. The 

combustion extinguishing takes place in other parameters. 

Fig 3 shows the contours of mole fraction of c3h8 in 

condition of 40000 Pa in T-type ejector slices. On the bottom 

circle region of flow channel, the mole fraction of c3h8 comes 

to be a steady value in the range of 3%-3.5% after mixing. It 

means that the two streams gas of c3h8 and air get a complete 

mixing in the ejector.  

 

 
 

Fig 3: Contours of mole fraction of c3h8 in 40000 Pa in T-type 

ejector slices 

 

Fig 4 shows the contours of velocity magnitude. The high 

pressure gas of c3h8 ejects from a tiny orifice in high speed and 

generates negative pressure zones where the air is inhaled, is 

slowed down in the expansionary circle channel. The 

completely mixed gas is transported to the flow region of the 

nozzle which is 1meter long and ejected to combustion 

chamber through the nozzle in velocity of 1-2 m/s. 

 
Fig 4: Contours of velocity magnitude in T-type ejector slices 

 

The mole fraction of c3h8 in nozzle was calculated in 

different inlet pressures in 20000 Pa, 40000 Pa, 60000 Pa, 

80000 Pa, 100000 Pa and 120000 Pa. As shown in fig 5, in a 

condition of determinate inlet pressure, the mole fraction of 

c3h8 in middle of T-type ejector is more than that were in two 

sides. But it also shows a harmonization that is less than 3% 

differences between the maximum and minimum. The mole 

fraction of c3h8 changes from 3.14% to 3.3% as the inlet 

pressures change from 20000 to 120000 Pa. As a result, this 

case reveals that the mole fraction of c3h8 in this T-type ejector 

is not sensitive to inlet pressure under these determinate 

pressure conditions. It means that the pressure control is not 

demanded much in precision and is low-cost in engineering 

when using this kind of T-type ejector. 

 

 
Fig 5: Mole fraction of c3h8 in different inlet pressure 

 

In another combustion index, the over-fire air ratio 

calculated is about 1.344-1.152. It also means that the 

combustion should be complete as the inlet pressures change 

from 20000 to 120000 Pa. 

 

The distribution of surface heat transfer coefficient 

Fig 6 shows that the surface heat transfer coefficient of the 

paving plate. The paving plate region in width between -0.15 m 

to 0.05 m is the major combustion region where the flow has 

higher speed, and thus makes the surface heat transfer 

coefficient in this region greater than others.  At the beginning 

100 s, the surface heat transfer coefficient is mostly above 500 

w/m-2k which is greater than that in other times. The surface 

heat transfer coefficient is decreased gradually from time 100 s 
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to 800 s as the subtracter between the paving plate temperature 

and the reference temperature decreased gradually. The fig 6 

also shows that there exists a region that is relatively poor in 

heat transfer ability./ 

 

 
Fig 6: Distribution of the surface heat transfer coefficient in 

times from 100 s to 800 s 

 

The flow field of combustion 

Fig 7, the premixed gas ejected from the nozzle was 

completely burned in the combustion chamber. The flame 

temperature reached to 2000 ℃ or above. The combustion gas 

flowed along the paving plate to the two outlets, and 

transferred heat to the paving plate by convection. The gas 

flow temperatures showed a gradual downward trend along the 

direction from the nozzle to the outlet where it dropped from 

2000 ℃ to 1000℃. 

 

 
Fig 7: Streamtraces of nozzle colored by temperature 

 

In the red rectangle zone of the combustion region, the 

flow shows an eddy flow with low temperature.  This eddy 

obviously took effect in bringing lower temperature gas from 

the outlet side to the nozzle, making low temperature gas 

staying too much time upon the saddle, thus decreasing the 

temperature difference of heat transfer between combustion 

gas and the paving plate. The temperature distributing in 

paving plate is comparable to that in gas flow. As a result of 

these phenomena, there is a distinct temperature saddle on the 

paving plate compare with the eddy in combustion region. 

 

Comparing the numerical result with experiment 

As shown in fig 8, the experimental setup was assembled 

in an asphalt paver which was composed of machine frame and 

several 0.5-1.5 m screeds. A gas cylinder was fixed on one of 

the screeds. The T-type ejector was bolted in the combustion 

chamber of the screed. The propane in gas cylinder was 

supplied to the T-type ejector by the pipe and set to 40000 Pa 

by an adjustable throttle valve. The temperatures on the paving 

plate of one 1 m screed were measured using an infrared 

thermal imager which has an infrared rays sensor in size 

120×160. The accuracy of temperature measurements is 0.1 k. 

 

 
Fig 8: Experimental setup 

 

Fig 9 shows that the flame is similar in 5 minutes and 10 

minutes. It indicates that the combustion is stable in this case. 

The blue colour of the flame also shows that there is a complete 

combustion near the nozzle as is predicted by the numerical 

result. It is obviously that the flame extended from the nozzle to 

the 2/3 paving plate. 

 
Fig 9: The flame in 5 minutes and 10 minutes 

 

As shown in fig 10, the temperature of paving plate in 5 

minutes was measured comparing with simulation. The 

contours of temperature field shows gradual downward trend in 

460-385 k. The temperature in the region near the nozzle is 
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higher than that in others as compared to the distribution of 

surface heat transfer coefficient. 

 

 
Fig 10: Comparing the simulation with experiment in 

temperature of paving plate 

 

As a statistical  result, the correlation coefficient of line A 

and line B in Fig 11 is 0.985. The value of mean, standard 

deviation, min and max of line A are 440.5 k, 20.99 k, 395.11 

k and 463.91 k, and the value of mean, standard deviation, min 

and max of line B are 440.45 k, 12.24 k, 418.37 k and 457.24 

k. It indicates that the numerical analysis model in this article 

can be used to predict the temperature of the paving plate of 

asphalt paver when using T-type ejector. 

 

 
Fig 11: Comparing the temperature of line A and Line B 

in Fig 10 

IV. Conclusion 

 

Based on the CFD analysis and the experimental 

investigations presented in this paper, the conclusions are 

follows   

1. The two streams gas of c3h8 and air get a complete mixing in 

the T-type ejector.  

2. The mole fraction of c3h8 changes from 3.14% to 3.3% as 

the inlet pressures of c3h8 gas change from 20000 to 120000 Pa. 

The pressure control is not demanded much in precision and is 

low-cost in engineering when using this kind of T-type ejector. 

 

 

 

 

 

 

 

 

3. The surface heat transfer coefficient of the paving plate is 

decreased gradually from time 100 s to 800 s. The combustion 

flow temperatures show a gradual downward trend along the 

direction from the nozzle to the outlet where it dropped from 

2000 ℃ to 1000℃. 

4. The combustion is stable in the case of this article. The blue 

colour of the flame also shows that there is a complete 

combustion near the nozzle as is predicted by the numerical 

result. The flame extended from the nozzle to the 2/3 paving 

plate. 

5. The numerical analysis model in this article can be used to 

predict the temperature of the paving plate of asphalt paver 

when using T-type ejector.  
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