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A Study on Semi-Displacement Ventilation System using Impinging Jet Flow
Part 8. Prediction of Vertical Temperature Distribution using Block Model based on Numerical Experiment by CFD
SUGITA Kazuki, KOBAYASHI Tomohiro, UMEMIYA Noriko
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Air flow rate of plume
v, —ooosxw3 (h=n )

Air flow rate balance of wall down flow
Vv, (I,K)=V,(L,K)+V, (I -1,K)-V,,(I,K)=0

md

Air flow rate and heat balance of plume block
V,(I+1,L)=V,(I,L)+V,,(I,.L)=0

[Top block]
Zc oV (T+1L,L)T, (1+1,L)-

L)+ ZC H,B,(1,LYT(1)-T,(1,L)}=0

[Medlum block]
iCI,pV‘,(I+1,L){TP(I+1 L)-T, (1, L)+ Zc ov,

LL)r()-1,(1.L)}

Air flow rate and heat balance of room block
S WKV, (LK +V, (1)-V, (1) Z (L) +V (1 +1)-V.(1)=0

[Top block]

gcp oV, (LKNT, (1,K)-T(1 )} + icp PV (I,L){T,, (1,L)-1(1)}+ C,pV (T+1){T(1+1)-7(1)}

+C (1 +0)A AT +1)-T(I )+ a4, § Zchp LT, (1,2)-T(1)}=0
[Medium block]
ZCMVW(LK){TM(LK)*T(l)}+ C, oV (T+ (1 +1)-1(1)}-C,p¥, (DT (1 -1)-T(1)}
+C,(NAT(1 =1)=T(1)}+ C, (1 +1)4, {T(1 +1)— zchp B, (LT, (1,L)-T(1)}=0

[Bottom block]
iCpme(l,K){Tm(l,K)*

1)+ C,pV, (DT,

(-1} -c,pr. (1)1 -1)-1(1)}

+ZC,WH B, (1L (1)-T,(1,L)}=0 .
+C, (AT (T -1)=T(D)+ a4, {T, ~T(1)}+ . C, H,B, (I, LT, (1,L)-T(1)}=0
[Bottom block] =
Z CpVpu0:1) {T([) 7,01.L) }+ W Zcb” EAC L){T([) 7,0, L)} 0 2 The term with underbar is 0 if V.. indicates the outflow from the block.
Nomenclature
V, :Air flow rate of plume [m?/s] V., :Supply air flow rate [m?/s] T., : Supply air temperature [‘C] A, : Area of boundary surface of block [m?]
V., :Entrainment air flow from block [m?/s] V., :Exhaust air flow rate [m%/s] W : Heat generation rate of heating element [W] H, :Height of one block [m]
V,, :Inletair flow from wall down flow [m*/s] ¥, : Vertical flow rate between room blocks [m*/s] ~ / : Height above the floor [m] B, : Circumferential length of plume [m]
V., :Outletair flow to wall down flow [m%/s] T :Room block temperature [C] h, : Distance to virtual point heat source from floor [m]  C, : Heat transfer coefficient between blocks [W/(m?-K)]
V,, :Mixed wall down flow [m%/s] T,, : Plume temperature ['C] B : Circumferential length of heating element [m] C, , + Heat transfer coefficient around plume [W/(m?-K)]
V., : Vertical flow rate of mixed flow [m?/s] T,, : Temperature of wall down flow [‘C] C,p : Volumetric specific heat of air [J/(m*-K)]
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