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Development of Straightforward Method of Estimating LMA and
LMR using Computational Fluid Dynamics Technology
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ABSTRACT

Ventilation efficiency has an important role in agricultural facilities such as greenhouse and livestock house to keep internally
optimum environmental condition. Age-of-air concept allows to assess the ventilation efficiency of an agricultural facility according to
estimating the ability of fresh air supply and contaminants emission using LMA and LMR. Most of these methods use a tracer gas
method which has some limitations in experiment like dealing unstable and invisible gas. Therefore, the aim of this study was to
develop a straightforward method to calculate age-of-air values with CFD simulation which has the advantage of saving computational
time and resources and these method can solve the limitations in experiment using tracer gas method. The main idea of LMA
computation is to solve the passive scalar transport equation with the assumption that the production of the time scalar throughout the
room is uniform. In case of LMR calculation, the transport of the time scalar was reversed compulsively using UDF. The methodology
to validate the results of this study was established by comparing with preceding research that had performed a computing LMA
and LMR value by laboratory experiments and CFD simulations using tracer gas. As a result, the error was presented similarly level
of results of preceding research. Some big errors could be caused by stagnated area and incongruity turbulence model. while the
computational time was reduced to almost one fourth of that by preceding research.
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Fig. 1 Concentration curves measured at a designated point

w9

p after step—up injection of tracer gas

137



4. Ngeold 2 24

7t AlE8o|ld &

ARG A 8 (Computational Fluid Dynamics, CFD)2 &4
£ xsts AA" diste] fA12 sFolu IHY, SFekEt
& o= HFE AlEYoldS Bl AT 4= = A &
Aetoloh, HAMA e BlAY U]—Fv_'— 174191 Navier-stoke
equation> AJEjH}IA A0 2 Sl & <
< HOJsl= Ttoltk. 74|, B, i}ﬁ—}%ﬁ—l, Az, B 9 A5,

ool FAF A 9 24 8 B4 F 5 RopollAe et
0:]:’7-7]- X]oﬂﬂ‘l 011:]—

2 AtollAs B aed Yels A& 5 shl 371499
< AP flal AATA| e A8 2= 138Q) GAMBIT (ver.
2.4.6, Fluent Co. New Hampsher, USA)S E3}o] 7ichat tiat
T2E AABIAL 3AH AP 2 E gt e 1
AP SR frs WA A FLUENT (ver. 6.4.5, Fluent
Co. New Hampsher, USA)E AH&-315{th. GAMBITS 22+ &
2 32| ARpEE AAsk, Adlstalal = 2ol e A
AZAEE J2a5+= GUI (Graphical User Interface) 7|HH]
ZRgolch B dqtofli= et 3xe) i ideS AdAIst

T ARG AR BASIa1A) 5= cased] W AAZRAS

A A=) o]45t), Az J#o] FLUENTE: c0lojE 7]

Hko 2 ukSo0i7l # Al 2o A ofux], 53k

HA W2 7Eko 7 ukEoi) AlAte) o] &E= Aek S5k
oy BE wpyale 7z ohgat 2,

By e ()=8, 5)

jt (p ) EAVAD (p;;) =— VP+VT+p;+; (6)

%@h)w . (W(ph+P) = (7)
V (kv T3, hJ+ (7)) + S,

7N, p= $AI9) LE (kg /m*)E W3k o= 942 &
2 (m/s), P=AY (Pa), 7= S8 BN (Pa), g= F/IBE

(m/s%), Fi= 99 (N/m?), 5, = SFehikgol] ofa) Agsl= 4
a2 (kg/m?), k, f}n_ = 88 AT (kg/m?st), T= 2% (K),
he T AFEY dEuE Uehl= HAET (J/kg), 2w S
91 7o) (m), = ATk (s), = j50) SRS (kg/ (m » 5)),

S, Sshkgolu EAto]] ot Ad"w] S7} (kg/(m « s*)E
o] gict,
Lt AlZ20o]d 2 M
JAF 2= Kwon et al. (2011)9] gt AA= R 29}

At

Zo]H, o]&= Kwon et al. (2011)9] A+ A= A4
MA, LMR gt} 2 dt9] 2yt AME LMA, LMR 4=
Ut xdstol| HlaL- #A517] igto|ct. wbA] 2 Ao of
F2E CFD A8 Z2I#9] GAMBITS o]&3lo] Fig. 29}
Zo| Zo] .1 =o|7} 1.2 m, Zo]7} 1.8 mel AHA|= A
9} H7]5t= 0] 0.1 m, #°7} 0.025 m, Z0]
AEHAR AA . B3 Y712 $1A]= Fig.
HE wi7]5-9] $*]+= Casel, Case2, Case3 ¥
25 919} LEF o, dZ ofefol fIX|3Ht vHEo
AL Table 13} Zo] Z}2+9] case™E Inlet?} Outlet
7:'74]7\744 U] WallF-29] ZAz70] A=}k
Fig. 20l Yehd PHE2 37195 4kel LMAS LMRgo] AF
AEl= HFlol ZH2 0] 0.24 m, % 0.36 me] 574
e s A5kl

ox OPH rlt offt

Ct. AlS2{|0[M Ak ditd

A[Edo] A o] HARS Q)8 FLUENT Z2139] 98 5o
Table 29} 7P°] ARSI L5 = Kwon et al. (20119 4
TollA & AE FA] AFEA 2R ARl 288.16K= AH

Outlet
Inlet (case 1)
0.1lm - 1= r__
m7 =
P1-1 P1—2:l: P1-3 P1-4 P1-5
2.4m
1.2m Oo+="0 O
P2-1 P2-2 pP2-3 P2-4 P2-5
o
3.6m
P3-1 P3-2 P3-3 P3-4 P3-5
PA-1 P42 P43 P4-4 P4-5
—|
1 &= =g
L |
outlet | e { Outlet
(case 3) (case 2)

Fig. 2 The designated study points for the CFD simulation

Table 1 Boundary Conditions for the CFD simulation model

Case | Wall Inlet Outlet1 Outlet? Outlet3
Case 1 | pressure outlet wall wall
Case 2 | wall ve;ﬁ;ty wall pressure outlet wall
Case 3 wall wall pressure outlet
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Table 2 Constant input values of the CFD simulation model

Content Value Unit
Operating temperature 288.16 K
Gravitation accelaeration 9.81 m/s’
Specific heat of air 1006.43 Jkg-K
Density of air 1.225 kg/m’
Velocity Magnitude at inlet 2.88 m/s
Viscosity of air 1.86x107° kg/(m-s)
Molecular weight of air 28.966 g/mol
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(a) The concept of pathway to compute the value of LMR
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(b) The technically backtracking concept of pathway to
compute the value of hypothetical LMA
Fig. 3 The concepts of estimating LMR values using hy-
pothetical LMA values
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Fig, 4 The flow chart designed for calculation of age—of—air
values
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(a) The results of calculation LMA values at case 1
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c) The results of calculation LMA values at case 3

Fig. 5 Comparison of LMA values according to estimating
methods among lab experiment using tracer gas
method, CFD simulation using tracer gas method
(Kwon et al., 2011) and CFD simulation using PSTE
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Table 3 Average error of LMA values between lab experi—
ment and CFD simulation (Exp means the values
of LMA from lab experiment (Kwon et al., 2011),
Kwon means the values of LMA from simulation
results (Kwon et al., 2011) and Park means the
values of LMA from this study)

Exp vs. Kwon (2011) (%) Exp vs. Park (%)
Case 1 12.14 11.02
Case 2 14.65 16.65
Case 3 19.94 39.24
18 mis

Omis
Fig. 6 Computed velocity—magnitude fields from CFD sim-—
ulation in Case 3
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Fig, 7 Comparison of LMR values according to estimating
methods among lab experiment using tracer gas
method, CFD simulation using tracer gas method
(Kwon et al., 2011) and CFD simulation using PSTE
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