PR 1A S8 M 46 5007 A D SR ELIRL S 3 AT 36 L OV EL

PN TRVNE S NE S I TN
B3 sORESE 2019 4F 2 A

I B2 o3 AT D1 5 1Tk

SIMPLIFIED PREDICTION METHOD OF VERTICAL TEMPERATURE AND
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The Impinging Jet Ventilation (IJV) System is an air-conditioning method to form thermal and concentration

stratification. The final objective of this work is to establish a simplified prediction method of vertical temperature

and concentration profile for Impinging Jet Ventilation System. As a numerical experiment, a parametric study

on room conditons and supply air conditions is conducted. Assuming those results to be true values, prediction

accuracy of vertical temperature and concentration profile using Block Model is verified. In addition, an

appropriate method of inputting diffusivity for turbulent thermal diffusion and mass diffusion which greatly

influences the vertical profiles predicted is shown.
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(3) Case3 (4 Diffuser) (4) Case4 (6 Diffuser)
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Airflow Rate Balance of Plume Block
1 5
¥, =0.0005x 3 x(h—h, )i

V,([+1,L)-V,(1,L)+V,,(1,L)=0

Heat Balance of Room Block
[Top block]

>.C,pV, (1K)
K=l

N7, (1.K)-T(1);+C, oV, (T, (I)fT(I)}+LZ:,C,)/JVM(LL){T,,(LL%T(I)}

Airflow Rate Balance of Wall Vicinity Block +CppVe (1 +)=T(}+ C, (1 + )4, (1 +1)-T(1)}+ .4, T - T(D)}+
Vol LK) =V, (1K) +V,,(1-1,K)~V,,(1.K)=0 ZC H,8,(1,LYT,(1,L)-T(1)}=0
Airflow Rate Balance of Room Block [Medium block]
VKL R A ) 3 €, 1KV 1K) =10 )€, (O, (1) Cph (14 0 +1)-T(0)

Z Vo (LL)+V,(I+1)-V.(I)=0
L=l

Heat Balance of Plume Block
[Top block]
C, oV, ([+LL){T,(1+1,L)-T,(1,L)}

+C, H,B, (I, LNT(1)-T,(1,L)}=0

[Medium block]
C,pV, (14 L), (1 +1,)~T, (1,.L)}+ C, ¥, (1T (1)~ T, (1.L)}
+C, H,B,(I,L{T(1)-T,(1,L)}=0

ZC H,B,(

=C,pr ()T -1)-

T+ C, (1), T (1 =1)=T(1);+C, (1 +1)4, {7 (1+1)-T(1)}
1LY, (1.L)-T(1)}=0

[Bottom block]
ZCpP

+C, (D), (1 =1)=T(1)}+ 4, {T, ~T(1)}+ ZC H,B,(

KN, (1K) =T+ C, oV (T (1)-T(D)} = C, oV (DT (1 =1)-T(1)}

LT, (1,L)-T(1)}=0

> The term with underbar is 0 if Ve indicates the outflow from the block.

bp

[Bottom block]
o1, LTV, 51,0, )0) 7011} =0

Heat Transfer Coefficient by Turbulent Diffusion
C,=a,xC,p[H,

Nomenclature
¥, : Air Flow Rate of Plume [m¥/s]

Vo' Entrainment Air Flow from Room Brock [m*/s] W : Heat Generation Rate of Heating Element [W]

¥, : Inlet Air Flow from Wall Down Flow [m?/s] h : Height above Floor [m]
V., : Outlet Air Flow to Wall Down Flow [m?/s] h
v, Vertical Flow Rate of Mixed Flow [m¥s] A,:
V.. : Supply Air Flow Rate [m’/s]

V., : Exhaust Air Flow Rate [m?/s]

H, : Height of One Block [m]

V. : Vertical Flow between Room Blocks [m’/s]

, : Distance between Virtual Heat Point and Floor [m]

B,: Circumferential Length of Plume [m]

C, : Heat Transfer Coefficient between Room Blocks [W/(m?-K)]
Chp : Heat Transfer Coefficient around Plume [W/(m?-K)]
a,: Turbulent Thermal Diffusivity between Room Blocks [m?/s]

T: Room Block Temperature [‘C]

Boundary Surface Area between Room Blocks [m?] T, : Plume Block Temperature [C]

T, : Temperature of Downflow along Wall [C]
T, : Supply Air Temperature ['C]
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Mass Balance of Plume Block
[Top block]
V(1 +1,L){Cr, (I +1,L)-Cr, (1,L)}
+k, H,B, (I, L)Cr(1) = Cr, (I,L)}+ M, (I,L)=0

Mass Balance of Room Block
[Top block]

D1 KR (1 K)=CH V)i, (1)~ Crla) 320, 1 1)en (1))

+V (1+1){Cr(1 +1)-Cr{(D)}+ k(1 +1)4, {Cr(T +1)-Cr(1)}

[Medium block]

V(1 +1,L)Cr, (1 +1,L)=Cr, (1, L))+ 7, (1, L){Cr(1) - Cr, (1,L)}
+k, H,B, (I, L){Cr(1) = Cr, (I, L)}+ M, (I,L) =0

[Bottom block]

V(1L LYer(n)-cr, (1, L)}

+k,H,B,(I, L){Cr(l)— cr, (1, L)}+ M,(1,L)=0

Mass Balance of Wall Vicinity Block
[Top block]
Vol LKWCH(1) = Cr, (1K)} + M, (1K) =0

K=1
[Medium block]
[Bottom block]

V(I =LK)Cr, (I -1,K)-Cr, (1K)}

+ Z":k(prBp (r.L)cr, (1,L)=Cr(1)}+ M, (1)=0

[Medium block]
21/ (1,K)Cr (1,K )= Cr(D)}+V, (1)(Cr., (1) - Cr(D)}+ V. (1 +1){Cr(1 +1)-Cr(1)}

—V.(IXCr(1 =1)=Cr(1)}+ & (1), {Cr(1 =1) = Cr(D)}+ k(1 +1)4, {Cr(1 +1)-Cr(1)}

+Z":kEPH,,Bp(I,L){CrI} (1,L)-Cr(D)}+ M, (1)=0

[Bottom block]

0 KNCr (1K)~ CrD} 7, (DCr (1) - )=, ()er(r -1)- (D)

+k (14, o1 —1)7Cr(])}+Zn:k(FH,,B,](I,L){Cr,,(I,L)7Cr(])}+ M(I)=0

* The term with underbar is 0 if V¢ indicates the outflow from the block.

+V, (LK) Cr(1)-Cr (1,K)}+ M, (I,K)=0

Mass Transfer Coefficient by Turbulent Diffusion
k.=D, / H,

Nomenclature
¥, : Air Flow Rate of Plume [m¥/s]

Vo' Entrainment Air Flow from Room Brock [m*/s] 4, : Boundary Surface Area between Room Blocks [m’]

¥, : Inlet Air Flow from Wall Down Flow [m¥/s]
V.., : Outlet Air Flow to Wall Down Flow [m?/s]
¥, Vertical Flow Rate of Mixed Flow [m?s]

H, : Height of One Block [m]

V.. : Supply Air Flow Rate [m’/s]
V.. : Exhaust Air Flow Rate [m?/s]

V. : Vertical Flow between Room Blocks [m’/s]

B : Circumferential Length of Plume [m]
k. : Mass Transfer Coefficient between Room Blocks [m/s]

k[,7 : Mass Transfer Coefficient around Plume [m/s]

: Contaminants Emission Rate in Room Block [kg/s]

: Contaminants Emission Rate in Plume Block [kg/s]

: Contaminants Emission Rate in Wall Block [kg/s]

: Contaminants Concentaration of Room Block [kg/m?]
o Contaminants Concentaration of Plume Block [kg/m?]

Cr, : Contaminants Concentaration of Wall Block [kg/m’]

D, : Turbulent Mass Diffusivity between Room Blocks [m*/s] Cr, : Contaminants Concentaration of Supply Air [kg/m’]
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