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Experimental Investigation on the Turbulence Augmentation 
of a Gun-type Gas Burner by Slits and Swirl Vanes 
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The purpose of this paper is to investigate the effects of slits and swirl vanes on the turbulence 

augmentation in the flow fields of a gun-type gas burner using an X-type hot-wire probe. The 

gun-type gas burner adopted in this study is composed of eight slits and swirl vanes located on 

the surface of an inclined baffle plate. Experiment was carried out at a flow rate of 450 [ /min  

in burner model installed in the test section of subsonic wind tunnel. Swirl vanes play a role 

diffusing main flow more remarkably toward the radial direction than axial one, but slits show 

a reverse feature. Consequently, both slits and swirl vanes remarkably increase turbulence 

intensity in the whole range of a gun-type gas burner with a cone-type baffle plate. 
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1. I n t r o d u c t i o n  

Usually, most gas combustors adopt various 

kinds of burners that accompany swirl flow. Swirl 

flow has been widely investigated for several 

decades because it provides flame stabilization, 

short flame, high combustion intensity, and 

enhanced mixing between fuel and air. Therefore, 

the swirl flow is usually used extensively in gas 

turbine, boiler, industrial furnace, ram jet, and jet 

mixer, etc (Beer et al., 1972 ; Froud et al., 1995 ; 

Lefebvre, 1983; Shioji et al., 1998; Syred et al., 

1974; Tsao et al., 1999). 

The combustion characteristics of a gas burner 

are influenced by various factors such as ingredi- 

ent of fuel gas, diffusion of injected gas, flow 

characteristics, and mixing between fuel gas and 

air, etc. Because the mixing rate between fuel gas 

and air was the most important variable among 
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them for perfect combustion state, the swirl flow 

has been coming up as an effective means (Hibara 

et al., 1999). 

Many experiments on swirl flows that are com- 

monly used in a gas burner have been carried out 

from simple single swirl burners to very complex 

actual gas swirl combustors. These studies have 

examined closely the general characteristics of 

swirl flows and revealed the important effects of 

swirl flow on promoting flame stability, increas- 

ing combustion efficiency, and controlling the 

emission of combustion pollutants (Gupta et al., 

1984). 

Beer et al. (1972) and Lefebvre (1983) men- 

tioned that recirculation zone and high turbulence 

level are formed under the adverse pressure gra- 

dient along the axial distance with introducing a 

strong swirl in the ambient air flow of a con- 

centric jet burner. Syred et al. (1974) showed that 

strongly swirling jets in a swirl burner cause a 

large recirculation region around the jet exit by 

vortex breakdown phenomenon corresponding to 

the rapid axial deceleration of the swirling flow. 

In addition, they also revealed that the large 

recirculation region promotes the entrainment 

rate of surrounding fluid, fast mixing between fuel 
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and air, and flame stabilization by shortening 

flame length. Leuckel et al. (1976) conducted var- 

ious measurements of a non-premixed single con- 

centric swirl burner under the condition of put- 

ting an annular pipe to swirling air jet and a 

central one to nonswirling fuel jet, respectively. 

Chen etal.  (1988) examined the enhanced mixing 

characteristics in swirl flows through the forma- 

tion of a central toroidal recirculation zone. 

Gupta et al. (1976) obtained fairly different flame 

stability limits, turbulence levels, volumetric heat 

release rates, and combustion characteristics by 

controlling the axial and angular momentum of 

the jets in the double concentric burner. 

In this study, the gun-type gas burner with a 

cone-type baffle plate was selected for the pur- 

pose of applying to a gas furnace having a heating 

capacity of 15,000kcal/hr. On the other hand, the 

turbulent flow fields for this gas burner have been 

investigated to various ways by author (Kim, 

2001a; 2001b; 2001c; 2003; Kim et al., 2003; 

2004). However, because the gas burner consists 

of eight swirl vanes and slits situated on the front 

of a circular draft tube geometrically, it is neces- 

sary to grasp how much slits and swirl vanes 

contribute to turbulence augmentation in the 

main flow of a gas burner. For this purpose, three 

kinds of burner shape models were considered in 

this study; for example, a main gas burner, a 

burner model with only slits, and a burner one 

with only swirl vanes. Therefore, the mean veloc- 

ity and the turbulence intensity, etc. were 

measured with a hot-wire anemometer system 

without combustion chamber in order to compare 

and analyze the results obtained from three burn- 

er models. 

2. Experimental Apparatus and 
Method 

2.1  E x p e r i m e n t a l  a p p a r a t u s  

Figure 1 represents the details of a gun-type gas 

burner tested in this experiment. This gas burner 

has a cone-type baffle plate inclined about 45- 

degree to the front of a circular draft tube. This 

cone-type baffle plate is composed of eight swirl 

vanes located in the inclined baffle plate and eight 
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narrow slits located just above a swirl vane as 

well as situated radially on the edge of a gas 

burner. Here, the alphabets of X, Y, and Z mean 

an axial distance, a horizontal radial one, and a 

vertical radial one, respectively. 

Figure 2 shows an experimental apparatus for 

measuring flow velocities using a hot-wire ane- 

mometer system. Here, the burner models were 

installed in the exit of the test section of a sub- 

sonic wind tunnel. 

The subsonic wind tunnel consists of a cen- 

trifugal fan and DC motor having a capacity of 3. 

75kW (220V, 3 Phase), a diffuser, a tranquili- 

zation chamber, a contraction, and a test section. 

Moreover, its maximum velocity is 35m/s in the 

test section of 220mm (width) x 220mm (height) 

x 410mm (length) in size. The turbulence inten- 

sity in the central part of the test section is less 

than about 0.4% at the mean flow velocity of 
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about t3m/s. 

On the other hand, a hot-wire anemometer sys- 

tem (Dantec 90N10 Streamline) used for measur- 

ing turbulent flow in the state of non-combustion 

is composed of a constant temperature type hot- 3° 

wire anemometer, a calibrator capable of doing 

velocity and directional calibration at the same 

time (Dantec 90H01 & 90H02), a three-dimensi- 

onal automatic traversing system (Dantec 41T50 

& 41T75), and a personal computer (PC). It was 

controlled by a PC through RS-232C interface, Fig. 3 

and the calibrator is connected with an air com- 

pressor capable of operating up to the extent of 

the effective pressure of 10kg/cm 2. 

2.2 Experimental method 
In this study, an X-type hot-wire probe 

(Dantec, 55R51) was used for measuring flow 

velocity. The calibrated velocities and the mean 

yaw factors required for an X-probe were 

obtained by the calibration procedure of the flow 

velocity and the flow direction, respectively. 

The velocity calibration was carried out from 

zero to 20m/s. Here, the accuracy of velocity was 

obtained below about 0.4~o through the fifth 

order polynomial curve fit analysis. Also, the 

directional sensitivity of the X-probe was check- 

ed by changing the yaw angle from --40 ° to +40 

° at 10-degree intervals for a constant flow veloc- 

ity of 10m/s. In consequence of the directional 

calibration procedure, the mean yaw factors per 

channel, used to calculate the calibrated velocity 

from raw signal data for hot-wires, were obtained 

as 0.064 and 0.074 in the case of Type A as well 

as 0.088 and 0.106 in the case of Type B and Type 

C (Kim, 2001 ; 2003 ; Kim et al., 2003). 

The sampling rate and the number of total 

sampling data per channel are 20kHz and 102, 

400, respectively. Also, the low-pass filter was set 

up with 30kHz per channel. Moreover, the exit 

velocity of a burner model was controlled under 

the static pressure of 164 Pa collected from the 

four pressure taps attached on the surface of the 

circular draft tube of a burner model. Here, the 

static pressure corresponds to the flow rate of 450 

/ /min  utilized for actual combustion air flow 

rate. 
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Three burner models adopted in this study are 

considered as Type B with only slits, Type C with 

only swirl vanes, and Type A corresponding to 

main gas burner (Kim, 2003; Kim et al., 2003). 

The measurement position of an X-probe in 

the X-Y plane (horizontal plane) along the down- 

stream was selected at 10mm intervals from 5mm 

departed from a burner front for protecting a 

sensor to 305mm. On the other hand, as to the 

radial distance (Y), it was changed from --70mm 

to 70mm at 5mm intervals per position around the 

center of a burner model. Here, because the ve- 

locity ejected from the eight narrow slits situated 

radially on the edge of a burner model has the 

largest values, the velocity measurements near 

these narrow slits were carried out with traversing 

X-probe by lmm in order to measure a flow 

velocity in detail. 

The room temperature was controlled under the 

condition of about 19-0.5°C for reducing the 

error due to temperature change. 

3. Resul ts  and Discuss ion  

3.1 Mean velocity profiles 
Figure 3 shows the nondimensional profiles of 

axial mean velocity component normalized by the 

maximum exit velocity (Ue) for each burner mo- 

del, where R is the draft tube radius of a burner. 

These values are equivalent to axial mean velocity 

components (U) for three burner models along 

the centerline in the X-Y plane. 

In case of Type B with only slits, the axial mean 

velocity component along the centerline beyond 
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about X / R =  1.5 increases remarkably because the 

jet flow, spouted from Y / R =  ±0.97 correspond- 

ing to narrow slits, spreads into the central part of 

the burner. However, in case of Type C with only 

swirl vanes, the rotational flow by swirl vanes 

was actually disappeared in axial direction be- 

cause the axial mean velocity component is 

almost zero value except the initial region of the 

centerline. On the other hand, in case of Type A 

composed of slits and swirl vanes at the same 

time, the axial mean velocity component has not 

only the peak value of about 18,%o in the vicinity 

of X/R = 1.5, but also the constant value of about 

11,96o beyond about X/R----3.5. Thus, it can be 

known that while the slits and swirl vanes play a 

role increasing flow speed in the central part of a 

burner until about X/R=3.5 ,  they also play a 

part reducing flow speed of Type B beyond about 

X/R=3.5. 
Figure 4 shows the axial mean velocity profiles 

represented nondimensionally by the maximum 

exit velocity for each burner model. These values 

were also measured respectively for three burner 

models along the radial distance at four axial 

places in the horizontal plane. 

All of the axial mean velocity components pre- 

sent a relatively symmetric distribution with re- 

spect to Y = 0  regardless of the increase of axial 

distance. In case of Type C, because the rotational 

flow by swirl vanes spreads remarkably toward 

the radial direction at the position of X / R = 0 .  

1282, equivalent to the relatively initial flow re- 

gion, the axial mean velocity component shows 

not only the peak value of about 40% larger than 
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Fig, 4 Mean velocity U profiles along the radial 
direction in the horizontal plane 

the maximum exit velocity around the outside 

radius of swirl vanes, but also a relatively larger 

velocity distribution in the outside of a burner. 

However, the axial mean velocity of Type A does 

not exist almost in the outer region unlike Type 

C. This is attributed to the fact that the fast jet 

spouted from slits encircles the rotational flow 

expanding radially toward the outer region by the 

swirl vanes. Therefore, the axial mean velocity 

component of Type A shows a similar magnitude 

distribution to that of Type B in the outer region 

as well as Type C in the central part of a burner. 

On the other hand, the axial mean velocity com- 

ponent of Type C appears changelessly with the 

magnitude, close to an almost zero value regard- 

less of radial distance, as the axial distance in- 

creases. However, for the case of Type B, it shows 

a diffusing tendency toward the outer region as 

well as the central part although its peak value 

appearing in the vicinity of slits is reduced. 

Therefore, the peak value of Type A is smaller 

than that of Type B near the slits, but it shows a 

larger value in the central part. 

Hibara et al. (1999) has pointed that if swirling 

flow jet strongly exists, the axial mean velocity 

component near the nozzle exit shows the peculiar 

velocity profile of swirling flow having the 

smallest value in the vicinity of central jet axis as 

well as the largest value in the outside. As the 

flow goes downstream, they conformed that the 

gradient of axial mean velocity profile in the 

central part decreases because the slow fluid speed 

in the central part accelerates and the fast fluid 

speed in the outside decelerates. Also, Gursul 

(1996) has described that the axial mean velocity 

component near the nozzle exit has a maximum 

value in the central jet axis in the case of 

nonswirling jet, but it shows a velocity profile just 

like a wake that is caved in the central jet axis in 

the case of swirling jet. 

Figures 5 and 6 show the profiles of radial and 

tangential mean velocity components, normalized 

respectively by the maximum exit velocity for 

each burner model. These results were also 

measured with the same experimental method as 

shown in Figure 4. 

In case of Type B, the radial mean velocity 
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component (V) is largely formed in the vicinity 

of Y/R=-----0.97 corresponding to slits, and its 

peak value is distributed with the different sign in 

the left and right radial position. In addition, its 

peak value decreases and develops to the central 

part as the axial distance increases. On the other 

hand, the tangential mean velocity component 

(W) shows a similar distribution, but its peak 

value is larger than that of V at all axial positions. 

In case of  Type C, the radial mean velocity com- 

ponent and the tangential one are only formed 

around the outer region of swirl vanes at the 

position of X/R=0.1282,  and their values have 

the same sign and a similar magnitude each other. 

The radial mean velocity component of Type A 

shows a quite different distribution from that of 

Type B and Type C. Especially, its peak value 

formed around the region of Y / R = ± 0 . 9 7  is 

larger than that of Type B and Type C. In addi- 

tion, the radial mean velocity of Type A shows a 

comparatively symmetric distribution with respect 

to the center point until X/R----1.4103. The mean 

velocity V has a decreased peak value in absolute 

magnitude and develops to the central part due to 

the flow diffusion as the axial distance increases. 

The mean velocity W of  Type A shows a similar 

development process as the axial distance incre- 

ases although it has a different absolute magni- 

tude around the region between slits and swirl 

vanes. Here, the mean velocity W of Type A is 

more largely distributed than that of V, and it 

shows more symmetric distribution with respect 

to the center point than V. It can be known that 

W depends on the rotational flow by swirl vanes 

more than V. 
The extraordinary thing in Figs. 5 and 6 is that 

the mean velocities of V and W of Type A formed 

in the central part mix more actively than those of 

Type B and Type C due to the interaction 

between slit jet and swirling flow. 

3.2 Turbulence intensity profiles 
Figure 7 shows the turbulence intensity profiles 

of each directional component for three burner 

models along the centerline in the horizontal 

plane. These turbulence intensities (namely, u /  

Ue, v/Ue, w/Ue) were obtained by dividing RMS 

(Root-Mean-Square)  values (namely, u, v, w) of 

axial, radial, and tangential fluctuation velocities 

respectively with the maximum exit velocity. 

In case of Type B, the turbulence intensity 

components of each direction show the smallest 

value in the vicinity of X / R = 1 . 5  and abruptly 

increase with the axial distance until about X/  

R=3.5.  In addition, they show the largest value in 

the vicinity of X /R=3 .5 ,  but they are slowly 

reducing since X/R-----3.5 even though the magni- 

tude difference of then:l does not appear greatly. In 

case of Type C, the turbulence intensity com- 

ponents of each direction seem to be nearly 

disappeared in the whole range of axial distance 

except about X / R <  1.5 because they are distri- 

buted with a very small value, almost equal to 

zero apparently, since about X / R = I . 5 .  On the 

other hand, in case of Type A, the axial turbu- 

lence intensity component is distributed with the 

largest value. However, while the turbulence in- 

tensity component of Y-direction shows a larger 
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value than that of Z-direction in some regions, it 

is similar in magnitude to that of Z-direction as a 

whole. Specially, turbulence intensities of each 

directional component show their own maximum 

value in the vicinity of X / R = I . 5  respectively 

because the turbulence mixing phenomenon of 

each direction acts the most greatly in the vicinity 

of X / R = I . 5 ,  and what is more, they keep de- 

creasing gradually and a fixed magnitude beyond 

the position of X / R =  1.5. Here, it can easily be 

known that these results are quite different phe- 

nomena from those of both Type B and Type C. 

Figure 8 shows the turbulence intensity profiles 

of axial component for three burner models along 

the radial distance respectively at four axial 

places in the horizontal plane. These values were 

also calculated with the same method as shown in 

Fig. 7. 

In case of X/R--0.1282 corresponding to the 

nearly initial region of a burner, the axial turbu- 

lence intensity component of Type B has a much 
smaller peak value than that of other two burner 

models because of undeveloped turbulence at Y/  

R=-t-0.97 equivalent to slits. Also it shows a very 

small value distribution along the all radial dis- 
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tance except Y / R =  +0.97. Moreover, in case of 

Type C, the axial component of turbulence inten- 

sity shows a larger value distribution from the 

outside of swirl vanes, and also it presents a larger 

value distribution, compared with other two 

burner models at the outer location departed from 

slits. This can be regarded as a factor that the 

rotational flow by swirl vanes raises turbulence 

effectively in spite of nearly initial region of a 

burner. In case of X/R=0.6410, the axial turbu- 

lence intensity component of Type A accom- 

plishes the largest value distribution among all 

models in whole radial area. However, in case of 

Type C, it shows an almost zero value at all 

radial positions except some outer region of a 

burner. On the other hand, for the region beyond 

X / R =  1.4103, the axial turbulence intensity com- 

ponent of Type A is distributed with a com- 

paratively larger value than that of other burner 

models, covering whole radial area with the 

central part, except some region near the slits. 

Figures 9 and 10 show the turbulence intensity 

profiles of radial and tangential components re- 

spectively for three burner models along the radi- 

al distance at four axial places in the horizontal 

plane. These values were also obtained with the 

same method as the axial turbulence intensity 

component was calculated. 

Although the turbulence intensities of radial 

and tangential components respectively along the 
radial distance are some different from those of 

axial component in magnitude, they show a very 

similar distribution on the whole. Specially, in 

case of Type A, it can easily be known that the 
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turbulence intensities of axial component shown 

in Fig. 8 is distributed with a little bit more 

larger value than those of radial and tangential 

components shown in Figs. 9 and 10 respec- 

tively according to the increase of axial distance. 

Consequently, it is evident that above facts are 

also in accord with the tendency of turbulence 

intensity profiles along the centerline. On the 

other hand, all turbulence intensity components 

along the radial distance still include two peaks 

near the slits at four axial places like Type B 

model. However, Type A shows no prominent 

peak beyond X/R = 1.4103• This may result from 

the fact that the fast jet by slits encircles the 

rotational flow expanding radially toward the 

outer region by the swirl vanes and drives the 

mixed flow between slit jet and rotational flow 

toward axial downstream. Therefore, the slow 

rotational flow located in the boundary front 

interrupts the fast slit jet. As a result, the gradient 

of the mean velocity decreases along the radial 

distance, and then the turbulence intensity com- 

paratively decreases a little beyond the position of 

X/R--1.4103. Therefore, the influence by slits 

decreases more and more. On the contrary, beca- 

use the influence of rotational flow in the central 

part comparatively increases, the turbulence in- 

tensity increases due to an active turbulence 

mixing. On the whole, the turbulence intensity 

profile of Type A along the radial distance be- 

comes more flat in the central part except the edge 

as the axial distance increases. 

3.3 Turbulent kinetic energy profiles 

Figure 11 shows the turbulent kinetic energy 

profiles |br three burner models along the 

centerline in the horizontal plane. These values 

were obtained by dividing the turbulent kinetic 

energy KE=(u2+vZ+w2) /2  with the square of 

maximum exit velocity (Ue2). Here, the square of 

RMS value of axial fluctuation velocity compo- 

nent involved in the above parenthesis, for exam- 

ple, means the variance of axial fluctuation ve- 

locity component. 

The turbulent kinetic energies of Type A, 

which are formed along the centerline of the same 

axial position, were distributed with larger values 

than those of Type B or Type C, and it shows the 

largest value of about 0.35% in the vicinity of X/  

R =  1.5. Moreover, it shows an up and down trend 

in front of and behind X/R----t.5. Here, the reason 

why the turbulent kinetic energy of Type A shows 

larger peak values than that of any other burner 

model in the centerline of about X / R = I . 5  is 

attributed to the fact that both slits and swirl 
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vanes increase turbulence level largely in the ini- 

tial region, compared with other models in con- 

sequence of their flow control due to their coe- 

xistence in this region. 

Figure 12 shows the turbulent kinetic energy 

profiles obtained respectively for three burner 

models along the radial distance at four axial 

places in the horizontal plane. These values were 

also obtained with the same method as the 

nondimensional turbulent kinetic energies shown 

in Fig. 11 are calculated. 

The turbulent kinetic energy of Type A shows 

not only the largest value of about 2.7% near the 

slits at the position of X/R=0.1282, but also the 

same magnitude distribution as that of Type C 

because of rotational flow by swirl vanes located 

in the inner part of a baffle plate. Moreover, the 

turbulent kinetic energy of Type B hardly exists at 

all radial positions except that it only shows a 

very small value near the slits. Especially, the 

turbulent kinetic energy of Type C does not exist 

regardless of the increase of axial distance except 

near the slits at the position of X/R=0.1282. On 

the other hand, in case of Type A, while the peak 

values of turbulent kinetic energy near the slits 

decrease with axial distance, they increase rela- 

tively in the central part. Also, in case of Type B, 

the peak values near the slits beyond X / R = I .  

4103 is distributed with a much larger magnitude 

than that of Type A because the effect of swirl 

vanes is excluded. 

3.4 Reynolds shear stress profiles 
Figures 13 and 14 show the Reynolds shear 

stress profiles normalized by the square of 

maximum exit velocity for each burner model at 

four axial positions in the horizontal plane. 

The Reynolds shear stresses uv and uw of Type 

B have very small values due to undeveloped 

turbulence intensity even around the region of Y/  

R----±0.97, equivalent to slits at the initial loca- 

tion of X/R=0.1282. However, the Reynolds 

shear stress uv shows a remarkably increased 

peak value around the region of slits at the 

position of X/R=0.6410, Moreover, as the axial 

distance increases, its peak value shows a gradu- 

ally decreasing tendency and shifts itself toward 

the central part. Here, compared with the 

Reynolds shear stress uw of Type B, the uv dis- 

tribution shows a little larger value near the slits 

and in the central part at all axial positions. In 

case of Type C, the Reynolds shear stress uv as 

well as uw have large values, nearly same magni- 

tude and pattern around the region of swirl vanes 

only at the initial location of X/R=0.1282. On 

the other hand, for the ease of Type A, the 

Reynolds shear stresses uv and uw show a quite 

different distribution, compared with those of 
Type B and Type C This seems to be caused by 

the interaction between slit jet and rotational flow 

by swirl vanes, developing turbulence intensity 

effectively. Especially, the Reynolds shear stresses 

uv and uw formed at the initial position of X / R =  

0.1282 for Type A show large positive and nega- 

tive peak values near the slits due to the gradient 

of radial and tangential mean velocity compo- 

nent, respectively. In addition, they have a second 

peak value around the outer region of swirl vanes. 
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As a whole, because the Reynolds shear stresses 

uv and uw develop and diffuse to the central part 

as the axial distance increases, their peak values 

decrease in the region near the slits, but increase 

in the central part. Therefore, they show a very 

small value having a gentle slope difficult to dis- 

criminate the magnitude difference on the whole 

range beyond the location of X/R=2.4359, 

compared with the magnitude of initial region. 

On the other hand, the Reynolds shear stress uw 

for Type A in the central part until X/R=0.6410 

exists more largely than uv in magnitude and 

slope. It may be thought that this is attributed to 

the fact that the tangential turbulent velocity 

component acts more largely in these regions due 

to swirling flow by swirl vanes. 

Kihm et al. (1990) found that the Reynolds 

shear stress has a negative and positive value 

according to the positive and negative gradients 

of the mean velocity profiles. For swirling flows, 

the turbulent shear stress distribution is strongly 

anisotropic (Lilley et al., 1971). 

4. Conclusions 

The gun-type gas burner adopted in this study 

is generally designed as the arrangement of eight 

slits, eight swirl vanes, and a cone-type baffle 

plate, etc. Thus, in order to analyze the effects of 

slits and swirl vanes on the turbulence augmen- 

tation in a main burner, axial mean velocity 

component and turbulent characteristic values 

were measured by using an X-type hot-wire 

probe for three burner models. The results can be 

summarized as follows. 

(1) As the axial distance increases, the axial 

mean velocity component of Type A decreases 

near the slits, but it increases in the central part of 

a burner. Especially, both slits and swirl vanes 

increase an axial mean velocity component in the 

central part more highly than that of Type B until 

X/R<3.5 ,  and vice versa beyond the location of 

X/R >3.5. Consequently, the axial mean velocity 

component of Type A along the centerline shows 

not only a peak value of about 18~o larger than 

the maximum exit velocity at about X/R--=I.5, 

but also a comparatively constant value of about 

11~o beyond about X/R=3.5 .  

(2) All turbulence intensities measured for 

Type A have not only larger values than those of 

Type B or Type C in the central part of a burner, 

but also a peak value at about X / R = l . 5 .  There- 

fore, the slits and swirl vanes can be regarded as 

a useful tool to increase turbulence intensities 

remarkably in a gun-type gas burner. 

(3) The turbulent kinetic energy of Type A is 

distributed with a fairly larger value than that of 

Type B or Type C near the slits in spite of 

comparatively initial region until X/R~0.6410 

because rotational flow by swirl vanes and fast jet 

flow by slits coexist in order to increase turbu- 

lence intensities effectively, and it shows a much 

larger value than any other burner model in the 

central part beyond X/R=0.6410. 

(4) The Reynolds shear stresses uv and uw of 

Type A show a quite different magnitude and 

distribution from those of Type B and Type C 

because the interaction between slit jet and 

rotational flow by swirl vanes develops the tur- 

bulence intensity effectively. They show a large 

positive and negative peak value near the slits in 

spite of the initial region of X/R=0.1282. On the 

other hand, the Reynolds shear stress uw of Type 

A in the central part until X/R=0.6410 exists 

more largely than uv in magnitude and slope. 
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