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(1) Case1 (1 Diffuser)

(2) Case2 (2 Diffusers)

(3) Case3 (4 Diffusers)
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(4) Case4 (6 Diffusers)

A Study on Semi-Displacement Ventilation System using Impinging Jet Flow
Part 11. Determination of Turbulent Thermal Diffusivity in a Room with High Ceiling Height
NISHIUMI Toshiya, KOBAYASHI Tomohiro, UMEMIYA Noriko, SUGITA Kazuki
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CFD
540 (Trus Value) 540 540 540
0 0 0 0
22 24 26 28 30 32 22 24 26 28 30 32 22 24 26 28 30 32 22 24 26 28 30 32
Temperature [deg.C] Temperature [deg.C] Temperature [deg.C] Temperature [deg.C]
2reg 2reg 2reg 2reg
s e [M?ls] | 0.0027 a, e [M’/s] | 0.00026 a, e [M’/S] | 0.00020 A upe IM°/S] | 0.00037
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3 reg 3 reg 3 reg 3 reg
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Airflow rate balance of wall downflow Airflow rate and heat balance of room block
Vo 1K)~V (1K) +V (I ~L.K)=V,, (1.K)=0 > W (LK), (LKW V(D)= (D)5 7, (1 L)+ V(1) -7 (1)=0
K=l L=1
Airflow rate of plume
1 ( )5 [Top block]
V. =0.005xW?3x(h+h,)3 m n
! ! Y CoV (LKW, (1K) =T +3 C,p¥,,, (1T, (1, L)-T(D)}+ CopV, (1 + DT (1 +1)-T(1)}
Airflow rate and heat balance of plume block K ! "
VL L)V (1, L4V (1, )=0 +C(T+0)AAT(1+1)=T(1 )+, AT - T(1)}+ LZ. C,H,B, (1,L){T,, (1,L)-1(1)}=0
4 ’ I AN pin\"> =
[Medium block]
[Top block] m
4 . C, oV, (L K)T, (1,K)-T(1)}+ C,pV, (I + )T (1 +1)-T(1)}- C,pV, (I T (1 ~1)-T(1)}
S o8, (LD 141 D)- 1,10+ €, 1,8, (1LY (1)1, (1.} =0 2 Gt KWL K) T, :
L=1 L=1

[Medium block]

Y C,pV, (I+1,L)T, (1 + ],L)—TP(I,L)}+Z”: C, oV, (LI (1)-T,(1,L)}

+C (N, T(T=1)-T(1)+ C, (1414, T[T +1)-T(I)}+ 5. CyH,B, (1, L)T, (1,L)-T(1)}=0
[Bottom block] ‘

é C,pV (LKNT,(1.K)=T(D)}+ C, oV, ()T, (Nt -n)-7()}

(N-1(1)-C,pv.

C,H,B

+Ch(l)Ah{T(I—1)—T(1)}+aLA,,{T,—T(1)}+LZ: JH,B, (LT, (1,L)-T(1)}=0

[Heat transer coefficient by turbulent diffusion]
C,,:a,xCﬂp/Hh C, =10
* The term with underbar is 0 if V_indicates the outflow from the block.

T,
w
h
h,
B
c,

: Supply air temperature [*C] A, * Area of boundary surface of block [m’]

* Heat generation rate of heating element [W] H, :Height of one block [m]

Height above the floor [m] B, : Circumferential length of plume[m]

: Distance to virtual point heat source from floor [m] C, * Heat transfer coefficient between blocks [W/( m?+K)]
: Circumferential length of heating element [m] C,, : Heat transfer coefficient around plume [W/( m’*K)]

p ¢ Volumetric specific heat of air [J/( m*-K)] a, : Turbulent thermal diffusivity [m”/s]

+3 Gy H,B, (LT (DT, (1, L)}=0
L=1
[Bottom block]
Y CopV (LT -T, (L, L+ W+ Y. €, H,B, (1LY (1)-T,(1,L)}=0
L=1 L=1
Nomenclature
V, + Air flow rate of plume [m¥s] V., * Supply air flow rate [m’/s]
V,,  Entrainment air flow rate from block [m’/s] V., *Exhaust air flow rate [m’s]
V,, * Inlet air flow flom of wall down flow [m/s] V. Vertical flow rate between room blocks [m*/s]
V,,  Mixed wall down flow [m’/s] T :Room block temperature [*C]
V.. * Outlet air flow to wall down flow [m/s] T, : Plume temperature ['C]
V,,  Vertical flow rate of mixedflow [m/s] T,, : Temperature of wall down flow [*C]
* 1 RIS RFRFBE LA ERR iR Al e
* 2 KIRHTSLRZE RS TEUERA RS Gl [t (T3
% 3 KPR RFRFLE TP ER iR B B [t (T%)

k4 WM ELHIE T

Graduate Student, Department of Urban Eng., Graduate School of Eng., Osaka City University
Lecturer, Department of Urban Eng., Graduate School of Eng., Osaka City University, Dr.Eng.

Professor, Department of Urban Eng., Graduate School of Eng., Osaka City University, Dr.Eng.
Tohata Architects & Engineers



