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A Study on Semi-Displacement Ventilation using Radial Wall Jet
(Part 8) Prediction of Vertical Temperature Profile by Block Model
and Determination of Turbulent Thermal Diffusivity
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The Impinging Jet Ventilation (IJV) system is an air-conditioning method to form thermal stratification. This system mixes

air more moderately within the occupied zone than the Displacement Ventilation. The final objective of this work is to

establish a simplified prediction method of vertical temperature distribution based on the Block Model. As a numerical

experiment, a parametric study on supply air momentum is first conducted by CFD in this paper. Based on those results,

appropriate turbulent thermal diffusivity in the Block Model corresponding to the supply air condition is determined,

because it is of great importance on vertical temperature distribution.
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Air flow rate balance of wall down flow [ Top block]
V. LK)V, (LLK)+V, (I -1,K)-V,,(I,K)=0

Air flow rate and heat balance of plume block

V,(I+1,L)-V,(I,L)+V,,(I,L)=0
[Top block]

S C, oV, (T +LLINT, (T +1.0)-T, (1

L)+ ichp H,B,(1,LYT(1)-T,(1,L)}=0
[Medium block]

S C, oV, (T + LT, (T+1,1)-T, (1
L=1

e 2,0, (L)1), (1.1
+ icthth (rL)fr(n)-r,(1,L)}=0

[ Bottom block]

Z":Cpme (ro)fr()-r, (@, L)+ + ichp H,B8,(1,LYT(1)-T,(1,L)}=0

gCPPK,,(I,K){Tm(LK)*T(I)}+ gCPpV,,m(LL){T,,(LL)* T(D)}+C,pV, (1 + 1T (1 +1)-7(1)}
+C (1 +10)4, T +1)=T(1)+ e, 4, (T, -T(1)}+ iC,,thBP (1,0, (1,L)-T(1)}=0

[Medium block]
ZQP%(LK){TH,(LK)* T(1)+C,pV (1 + )T (1 +1)-T(1)} = C, oV (1T (1 =1)-T(1)}

7(1)}=0

+C, (DA, (1 =1)=T(1)}+ C, (1 +1)4, {T(1 +1)-T(1)}+ z”:C,,‘,H,,B,, (I,L){TP (1,L)-

[Bottom block]
ngPVm(LK){Tm(LK)* 7(1+C,pV, (N, (1) - T(1)} = C, oV (1T (1 =1)-T(1)}

+C (DA, (=) =T(+ @, T, ~T(D}+ S, 1, B, (1L LT, (1,1)-T(1)}=0

% The term with underbar is 0 if 7, indicates the outflow from the block.

Nomenclature
|4

", +Air flow rate of plume [m’/s] "o Supply air flow rate [m¥s]

i : Entrainment air flow from block [m¥s] . - Exhaust air flow rate [m%/s]

v

V,, :Inlet air flow from wall down flow [m?/s] : Vertical flow rate between room blocks [m?/s]
V.. :Outletair flow to wall down flow [m®/s] : Room block temperature  [C]
v,
v,

v,
14
V.
T
", Mixed wall down flow [m%/s] T, : Plume temperature ['C]
. Vertical flow rate of mixed flow [m¥/s] T, : Temperature of wall down flow [1C]

T,

w
h
hl}

: 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)]
B : Circumferential length of heating element [m] C, w Heat transfer coefficient around plume [W/(m?+K)]

Cpp : Volumetric specific heat of air [J/(m*-K)]
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