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1. ABSTRACT

Measurements were made of flame height L: on vertical surface burner with side and back walls. Flame
height is represented as a functional relation as, L:/DyocQ.°2”% or Lroc(Q/Du)2”3, where Qu° is dimension-
less heat release rate, Qu" = (Q/Dx)/ (peCoTevgDu372), Dy and Dy are width and height of the burner respec-
tively. The similarity of mean temperature distribution in the flow is assumed in the parameter. Then it
can be rewritten to give mean temperature, 4T/Tecc(X/(Qu*273Dy))~' in the region which heat release entire-
ly finished in. In the region of the local Reynolds number Re(=VX/v)>30,000 of the wall plume along an
adiabatic wall, the flow developes in fully turbulent and the local Froude number Fr (=V/(B 4TgX)! 2)
becomes almost constant. So it provides mean velocity, V/¥goc(Q."273Dy)!“2. Experimental results of mean
temperature and velocity show the same power relation with the estimates. Without side walls there is an
effect of a slight decrease of flame height, temperarure and velocity along the vertical center line.

Then without back wall on the vertical surface burner, flame height L: is represented as Li/DyocQ."'"2,
so that temperature and velocity are estimated similarly as above, 4T/Teoc(X/(Qu"'72Dv)) 4’3 and
V/¥g o (X/Qu"2Dv?) "' “8. Experimental results of mean temperature and velocity in the plume region show the
same power relation with the estimates, too.
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2. INTRODUCTION

Wall fire has been investigated extensively' ©, because it plays an important role in the spread of fire,
Radiative and convective heat flux in the flame and convective heat flux in the plume to wall surface accel
erate the increase of pyrolysis zone. Previous work®'® regards the properties of wall flame as those of
flame on line source. Strictly there are many differences between, for example decomposit gases effluent at
a right angle to plume axis or in experiments line source has some width.

This study is concerned with deterministic properties of turbulent diffusion flames, e.g. flame height, .
temperature and velocity, on vertical surface burner under natural convection condition.

3. EXPERIMENTAL DESCRIPTION

The apparatus was located in an interior room having plan dimensions of 17X11lm and exaust hood height
of 2.5m. The experiments were conducted using two 0.25X0.5m burners combined with, which are mounted ce-
ramic blanket to level their surface. Therefore, the dimensions of the burner, widthXheight are 0.5X%0.5m
0.5%0.25m, 0.25%0.5m and 0.25X1.0m. Liquified Petroleum Gas (CsHs 97%) was used as the fuel. Back
wall was mounted on the burner and side walls with 0.5m width were mounted close to both sides of the burn-
er. The walls was as tall as exaust hood and made by calcium silicate board. The durner was tested on even
condition with the ground whether fuel effluents uniformly before set up. It was verified that exhaust hood
has no influence on the plume up to the hood height.

After steady state of burning, flame was recorded in videotape. Flame height was measured along the ver-
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tical center line of the burner from the lower edge of it, by still pictures on the monitor, at a framing
rate of 30 frames a second, randomly selected sequences corresponding to 180 frames of each experiment.

4. RESULTS AND ANALYSIS

Results of flame height were displayed in Fig.1(a) with heat release rate per unit burner width Q/Du.
Although there is some scatter in data, their trend follows the correlation of those on line source shown
experimentally by Hasemi® and theoretically by Delichatsios' as,

Le oc (Q/Du)273 or L = 0.056% (Q/Du)273 (1)

Without side walls, it was observed that flame fluctuated and soot adhered to back wall and at an angle of
0~15" to vertical from a little heigher than the lower edge of the burner. It indicates the extent of the

plume, so that flame height became lower than that with side walls.
In another way flame height is displayed by dimensionless parameter® Q.° = (Q/Du)/ (PeCoTevgDu32), where

C. is the specific heat of air, pe and Te is the ambient density and temperature, respectively. Fig.1(b)
shows the correlation between L:/Dv and Q.°. The relationship is represented as,
Le/Dy oc Q.°273 or Li/Dy = 6.0%Qu"273 (2)

In this parameter the similarity of the distribution of mean temperature in the flow is assumed. So Equa-
tion (2) indicates the same excess temperature 4T at mean flame heights. Equation (2) is recasted with
exess temperature term at height X as Thomas”, where B is the expansion coefficient, g is the gravitaional
acceleration,
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Note that Equation (3) is applied to the temperature in the plume where heat release is entirely finished.
Cheesewrite? has found that for Grashof number Gr (= (Bg(T.-Te)X®/v2) between 2X10° and 10'®, the flow
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Fig.1 Flame height versus heat release rate with back wall
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origined by natural convection on a vertical wall becomes transitional region from laminar to turbulent,
and fully developed turbulent flow for Grashof number greater than 10'%. Here T. is wall temperature, v is
a kinematic viscosity. Grella and Faeth® have shown this transitional region with the local Reynolds num-
bers Re and turbulent flow for the local Reynolds number greater than 30, 000. The local Froude number is
constant for a fully developed turbulent buoyant flow along an adiabatic wall. In this study all flow is
considered to be fully developed turbulent flow and the local Froude number is to be constant. Then follow-
ing relationship is derived from the constant local Froude number and Equation (3),
V/g < (Qu27%Dy)' "2 (4)

As for the properties of the plume above the square and line source, studies of McCaffrey® and Yokoi's'®
above the square source and Yokoi' s'® above line source indicate the validity of the derivation of Equation
(3) and (4).
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Fig.3 V/Yg versus Qu*2"°Dy with back wall
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5. EXPERIMENTAL DESCRIPTION

In order to examine the expected relationship of Equation (3) and (4), the following experiments were
conducted. The apparatus mentioned above was used to operated for at least 30 minites before taking measure-
ments. Measurements of temperature and velocity along vertical center line of the burner at the distance of
5mm from the wall surface were performed with 0.lmm diameter chromel-alumel thermocouples and bidirectional
pressure probes® at the interval of 5 seconds for 5 minutes after steady condition. The distance from the
wall surface was decided by pretests which temperature measurements at 10 points in height were performed
at four distant 1, 5, 10 and 20mm from the wall surface. The data at 5mm were the maxima in them. No correc-
tion for measured temperature has been employed for radiation error by soot adhesion and conduction error.

6. RESULTS AND DISCUSSION

Fig.2 shows the relationship between 4I/Te and X/(Q."273Dy). Alhough there is some scatter in data,
4T/Te in plume region is proprotional to -1 power of X/(Q.°2”3Du) as Equation (3) indicates. Without side
walls, just like flame height, Fig.2 indicates that the extent of the plume made mean temperature lower
than those with side walls. In intermittent flame region 4T/Te shows steeper declination than that in plume
region in contrast with the plume above square source.

Fig.3 shows the relationship between V/¥g and Q.°273Dy. Although.there is some scatter in data, V/Vg in
plume region is proprotional to 1/2 power of Qu*273Dy and independent of the height as Equation (4) indi-
cates. There are larger discrepancy in data using 1.0X0.25m burner, because the data involve those in
intermittent region.

In this study the local Froude number is indicated as a constant value of about 1.22, fairly equal to
the experimental result of Ahmad and Faeth® 1.28 and all the local Reynolds numbers exceeded 30,000 at all
points where velocities were measured, so that they were fully developed turbulent flow.

7. DETERMINISTIC PROPERTIES OF WALL FIRE WITHOUT BACK WALL

As for the plume without back wall, Sparrow’ has derived following relationship theoretically, 4T o
(X/Du) "2”5 and V/ (B 4TgDu) !“2cc (X/Dy) 1“5, But it is possible to consider that at sufficient height above
the burner, the plume becomes symmetric just like the plume on the line source. The buoyancy flux within
the plume is conserved, so that the local Froude number is to be a constant as McCaffrey® reffered. As the
experiments with back walls, from the dimensional relationship between dimensionless flame height and dimen-
sionless heat release rate, the power relation of temperature and velocity can be derived.

Fig.4 shows the experimental results between L¢/Dy and Q.° without back wall. It is represented as,

Li/Dy o Qu"'72 or Li/Dy = 4.0%Q."'"2 (5)

Comparing with flame heights with back wall at the same Q.°, flame heights become lower and the power rela-
tion changes. This is because the air is entrained directly intc the flame at the height of the upper edge
of the burner, so that flame emits stronger light above the upper edge of the burner than below. Without
side walls, there is no effect on flame heights.

Assuming the constant local Froude number, the following relationship of temperature and velocity is
derived from Equation (5),

4T/Te o (X/(Qu'72Du)) 473 (6)
V/ig oc (X/Q."2Dy?) 178 ¥)]
-~
In order to examine the estimated relationship of Equation (6) and (7)., the experiments were conducted.
The apparatus and the method were the same mentioned above.
Fig.5 shows the relationship between 4T/Te and X/(Qu"'“2Dv). Although there is some scatter in data,
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4T/Te in plume region is proprotional to -4/3 power of X/(Q.°'”2Dy) as Equation (6) indicates. Without side
walls, similar to flame height, there is no effect on mean temperature. In intermittent flame region as the
temperature distribution with back wall, AT/Te shows steeper declination than that in plume region.

Fig.6 shows the relationship between V/¥g and X/(Q.°2Dy*). Although there is some scatter in data, V/F
in plume region is proprotional to -1/6 power of X/(Qu°2Dv*) as Equation (7) indicates.

In this study the local Froude number is indicated as a constant value of about 1.03.

8. CONCLUSIONS

Flame heights on vertical source with or without back wall were formulated by dimensionless heat release
rate. In case that the buoyancy flux within the plume is considered to be a constant, mean temperature and
velocity at each height in the plume region are able to be predicted from the relationship between dimen-
sionless flame heights and dimensionless heat release rate.

In case with a wall on the vertical burner, side walls have an effects on flame height, temperature and
velocity. But in case without a wall on the vertical burner, side walls have no effects on them.

REFERENCES

1.Delichatsios. M. A. :Flame Heights in Turbulent Wall Fires with Significant Flame Radiation, Combustion
Science and Technology, Vol.39 pp.195-214, 1984

2.Cheesewright,R. :Turbulent Natural Convection from a Vertical Plane Surface, Transactions of the ASME,
Journal of Heat Transfer 2 pp.1-9, 1968

3. Abmad, T. , Faeth, G. M. : Turbulent Wall Fires, Seventeenth Symposium (International) on Combustion, 1978

4.Sparrow, E. M. . Patankar, S. V., Adbel-Wahed, R. M. :Development of Wall and Free Plumes Above a Heated Vertical
Plate. Transactions of the ASME, Journal of Heat Transfer Vol.100 pp.184-190, 1978

5.Hasemi, Y. :Experimental Wall Flame Heat Transfer Correlation for the Analysis of Upward Wall Flame Spread,
Fire Science and Technology Vol.4 No.2 pp.75-90, 1984

6.Grella, J. J. ,Faeth, G. M. :Measurements in a Two-Dimensional Thermal Plume along a Vertical Adiabatic Wall,
Journal of Fluid Mechanics Vol.71 part 4 pp.701-710, 1975

2 T L T ¥ ¥ i ]
Duv * Du Qv
m® (w) )
101: 0.50 + .50 .12 - .21 e

Le/Du (-)
ﬁ i S w
%

eL.0+ .25 .07- .16 R s
11y 2 2977 oo umper e of the bucrer
5 _

[ solid : with Side Wall
open : without Side Wall

RN R s T e T

=(Q/Dn)/ (PeCoTavaDu®-2) (-)

Fig.4 Flame height versus heat release rate without back wall

-243-



7.Thomas, P. H. , Webster, C.T. , Raftery, M. M. : Some Experiments on Buoyant Diffusion Flames, Combustion and Flame
5 pp.359-376, 1961

8.McCaffrey, B. J. :Purely Buoyant Diffusion Flames:Some Experimental Results. NBSIR 79-1910, 1979

9.McCaffrey,B. J. ,Heskestad, G. :A Robust Bidirectional Low-Velocity Probe for Flame and Fire Application.
Combustion and Flame 26 pp.125-127, 1976

10. Yokoi, S. :Study on the Prevention Fire-Spread Caused by Hot Upward Current, Report of the Building
Research Institute, Japanese Ministryt of Construction, No.34, 1960

101 r T T T T T p
mean height solid : with Side Wall ]
sk open : without Side Wall ]
& 4
® ong

2F Dy * Du Qu -
= m)  (w (kW/m)
.50 + .50 46.89, 62.52. 50.02. 84.40
= ol a.25+.50 25.00, 37.51, 50.02, 62.52 . i
B 10°F asosi25 37.51 s0.02, 62.52, 75.02. ]
S ; 81.53

w.50 & .25 37.51, 62.52, 87.53

s} ©1.0+.25 75.02, 100.03, 125.04,
150.05, 156.30, 175.06

1.0 % .25 75.02, 125.04, 150.05,
175.06

2._ -
Intermittent 3
-1 " PN AP | i TR PR | ‘. T I
10 107 5 40° 5 10! I

X/@'2Dv) ()

Fig.5 4I/Te versus X/(Q."'“2Dy) without back wall

10' L L L] hd T M M ML L\l p

[ Du * D« Qu Du # D« Qu 3

m® (=) (kW/m) W  (w) (kW/m) .

5 .50 # .50 46.89, 62.52, 50.02, 84.40 w.50 & .25 37.51, 62.52, 87.53 .

. (X=1.22. 1.76) (x=1.22, 1.58) ]

4.25 % .50 25.01, 37.51, 50.02, 62.52 ©1.0 # .25 75.02, 100.03, 125.04, 150.05,

(X=.97, 1.51) (X=1.50, 1.75) 156.30, 175.06 ]

0.50 # .25 37.51, 50.02, 62.52, 75.02, 1.0 # .25 75.02, 125.04, 150.05, 175.06
& 2FF  (X=1.25. 1.50)  87.53 (X=1.72, 2.08) 1
)
© Qg

2 10° Roatds *00 E
N AR oF 8,

= L u ¢u0 OOy Qes 4

[ . “ dgq. :

5 "\ a a .

L 5 4

2F -

solid : with Side Wall
open : without Side Wall
10" N PO | " P T 1 a1 "
5 102 5 103 5 104 -

X(/Qu2Dv?)  (m3)

Fig.6 V/¥g versus X (/Qu."2Dv*®) without back wall

-244-






