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Performance analysis of single and couple radiant heaters under asymmetric
flow field for providing uniform conditions in an industrial environment
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ARTICLE INFORMATION ABSTRACT

In the present study, the effect of high temperature radiant heaters’ arrangement on providing
appropriate and uniform thermal conditions under asymmetric flow field have been investigated in an
industrial environment. For this reason, a sample industrial environment with one inlet and outlet
opening has been considered with two different types of high temperature radiant heaters’ arrangement:
single radiant heater and couple radiant heaters. For the mentioned conditions, continuity equation,
momentum equations, energy equation and radiative transfer equations have been solved by OpenFoam
numerical solver. Also, energy consumption has been evaluated in the present study. The results show
that in presence of asymmetric flow field, using couple high temperature radiant heaters in comparison
with single radiant heater causes more uniform temperature distribution and decrease of about 10
degrees Celsius in maximum temperature of floor. Also, this can cause a nearly 35 percent decrease in
floor temperature distribution deviation from the average appropriate temperature (27 degrees of
Celsius). Moreover, the results indicate that utilizing couple high temperature radiant heaters leads to
increase in energy consumption of about 10 percent in comparison with single radiant heater.
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Fig. 1 Schematic of case room with (a) single radiant heater, (b)
Couple radiant heaters.
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Fig. 3 Comparison between the results of present study and Tan and
Howell [11] for temperature distribution in considered chamber

@ L abie o Lo @i ogad ) pol> Geiw Sl @l anlie 3 g
[11] Jgle 5 b

———— Present study
20

———— Tanand Howell[11]

10
D 0 , \ X
% [ 0.2 0.4 0.6 0.8
> i
10k
20k
30k

Fig. 4 Comparison between the results of present study and Tan and
Howell [11] for nondimentional velocity profile in considered chamber

P g Cep Jdap pogas 0 ol G Sl mls anlie 4SS
[11] Jslo g )b gl b absime

lo Xl ponlass (sleo 3 Jguzr

Table 3 The set temperature of radiant heaters

(°C) Szl Les (hr") lga Lges olass Kl slass
335 5 o
408 10 A S
267 5 s
300 10 A

399

T 9o o o 2 Jyox
Table 2 Emissivity of surfaces

Joe o
0.9 eriwo s o lg ples
1.0 Ylles sl Kiuls
1.0 lop sloazy )0
C Start )
v

Read mitial and boundary
conditions

v

Solve radiation transfer equation |«

v

H

Solve energy equation

Correct velocities and pressure
by continuity equation

()
2
< 8
- s
<
= 8 v
S g
S g .
= 8 Solve momentum equations
]
L .
= v
£ 5 ¥
S 3
O =
L
=

Satisty the
convergence
criteria?

no

Average of
tloor temp is
appropriate?

Write output data

Fig. 2 Flowchart of solver

Sl o518 2 IS

o 30 glite ol gl Abe xio buse Sy, (g5l By
g 5l S5l eolitwl el g0 g el ;o )L 10 55 slsn iy ges olass
ol Glp omizen Sl BT 3 puip 350 Hln lg L RS 5o
i s ysb oSl (gles (il il S o o yige Al Sl
Oogemds a0 27l smio e S gled mue8 Sl a5 Wiloads
05 o5 1Sl cles ok ot Joe g Sy 5 e Sl
ol I3 Jyazr y3 Jolo polie 5 0gdi oo mend S (o0 J 80 1) 5050

il b Kl glos Kl g0 <l j0 a5 canl S8 LLs el

Yoloo ;b K 5 Slos owyyp-1-5
10 55 I (agn b 55 52 (6lp by bshas g S s ojlail youils
2 6l Lo ygulS (immen Liloas ools ioles B S 0 el jo L
oads ool lis "B s o celw 4o L 10 45 Ign o Sl g
85 > 50 9 d9ss )y T92 99,9 4z s Sl oy Slee Ly Sl
aim>dle "6 KB o a5 jgbiylen 0gd e Las Liali8l s ST ooy
Ol YL Gy b 4 el o lon (agns (L 10 > yo w0gd o
4 Comd Lad Bl glos g 00gs Il ploal> Ol Jl g 00 slse
il alS gl 4300 4 B 2 1o el o T Ly b 5 el
oo 4y 2 el 5 o Sl JE ¢ 5 pslin 4 Jpazr 5 o
bt 5 8 Sy polie oo ol o 55 S 4 S
w55 & o ol Sl 0oy 85 s wll g ols o> JUil e 1) i

5 oolaiis 16 095 1395 sl e (yude SuilSe wlise


https://dorl.net/dor/20.1001.1.10275940.1395.16.5.30.1
https://mme.modares.ac.ir/article-15-8217-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.5.30.1 ]

UblKed 9 0315 (ol lie

G0 buxo S ) Algisy Jogl puib SLxal gddie Ay YLkl Yl pd YlSwe T i 9 55 SIS BB KNG 3 pSas Jukxs

Radiant heater

-10-8-6-4-2 0 2 4 6 8101214161820 o

(b)
Fig. 6 Air temperature contours in chamber with single radiant heater
for (a) 5 air changes per hours, (b) 10 air changes per hours
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Table 4 Rate of radiative and convective heat transfer per unit length of
radiant heater for 5 and 10 air changes per hour
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Fig. 9 Temperature distribution of floor of hall for (a) 5 air changes per
hours, (b) 10 air changes per hours
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Table 5 Rate of radiative, convective and total heat transfer per unit

length of radiant heaters in heating mode by couple radiant heaters with
same power for 5 and 10 air changes per hour
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Table 6 Root mean square of temperature and rate of energy
consumption per unit length of radiant heater
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