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APPENDIX A
EQUATICNS FOR ENERGY ANALYSIS

Symbols and Constants

A = Wall area (mz)
BV = Heating value of rubber wood = 13,600 [141 {kJ/kg)
L = Height of door (m)

iy = Input energy to the smoking room (kJ)
1o © Energy loss due to conduction ihrough walls (kJ}
le = Exhaust loss (kJ)
o QSC = Heat stored in rubber and room structure, respectively.
(kJ)
.. = Latent heat of water (kJ)
Ti, TO, Ta = Inside, outside wall surfaces and surrounding
temperatures, respectively (K)

a = Ash content of rubber wood = 0.041 [13]

‘quo, va, Cpa = 3pecific heat of water, water vapor and air,

“ respectively.

Cpr = Specific heat of rubber = 1.84 kJ/kg K [15]
Cph = Specific heat of room structure materials

ty 65°C © Latent heat of water at 65 C
kK = Thermal conductivity (¥W/mK)
m = Mass of dry air (kg)
m_ = Mass of smoked rubber {kg)
m_ = Mass of room structure (kg)
B = Mass of firewood (kg)
m, = Mass of waler removed from rubber (kg)
t = Time {sec)
x = VWall thicknese (m)
¢ = Wood moisture content = 0.422 wet basis [12]
v = Kinematic viscosity {mz/s)
W, w6, = Humidily ratios of inlet air and exhaust, respectively.

i



96

Table Al : Thermal properties of room structure {15,16]
k o Estimated mass| Thickness
Structure material t/m K) | (kI /kg K) (kg) (m)
Brick {left wall) 1.13 0.922 10351 0.075
Brick (right wall) 1.13 0.922 10351 0.075
Brick (back wall) 1.13 0.922 2911 0.075
Gyvpsum board (ceiling) - 1.084 LR2 {.004
Steel (door) - 0.h22 500 g.0012
Concrete (floor) - 0.653 33221 0.200
Maximum temperatures used in heat storage calculation were
obtained {rom the maximum of the averages of '10 consecutive
neasuremenls advancing through the whole range of data. That is,
started with the averaging the temperatures of records 1-10, 2-11,
3-12... then wused the maximum value of these averages for the
calcenlation.
Input Energy
Calculated frowm fuclwood heating value
Q. = HY. m (1-¢) {1
1B L] W
Energy Losses
1. Conduction throngh wallsg
Am
Q,, = I (kAgF At (2)
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2. Radiation and Conveclion of Steel Noor [16]
Daor is made of thin steel sheets which is more accurate
iT emergy loss is calculaled with respect to radialion and

convection.
4

. . 4
Radiation § = X (& oA (T0 - T, Yy . 4t) (3
where € = 0,80
-0, 24
g = 5.67x10 {W/m" K}
Free conveclionp @ = L {Lv A (T - Ta LA {4
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where H f for Gr[ Pr > 107

and GPL Pr = 2 L . Pr

where

oo
!

= 9,81 m/s”

b }/Ta 6 2

v o= 20,76x10 m /s at 350 K
Pr = 0.697 at 350 K

2. Exhaust Loss (with reference to gurroundings

3 )
_ ~ AT
Qle = M bpa AT + B va AT

H

where m Total exhausted gas (kg)

Iy
=m_ * {1-a)(1-¢) m
mo o w Total exhausted vapor (kg)
= - - Tw
(o + (1-a){1-¢) m I @
This o] = 7w o+ fi-ad{t-dgm JATIHC +w {5}
lea El w a @ Py

1, Tatent Heat That Vaporizes Water in Rubber

= m h =
v Wi fa 65 C

i - dm - w

wr Tw ") i a

[m + {1=a){(1-&)m ] &w - dm - m
a ™ e ]

i a
Thus @ = {{m + {1-a)(1-¢) w ] w - ¢ m -« m }h
'Sy a w L] w 1 a

where

=
13

it

(6)

fg 65 C
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5. Heat Stored in Rubber

R =zm C AT 4+ m r AT
51 I prr W pH')O

£

5. Heat Stored in Room Structure

Q@ =% (m C AT)

65 8 ps

{(7)

(8}





