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The Impinging Jet Ventilation (IJV) System is an air-conditioning method to form thermal stratification. The
final objective of this work is to establish a simplified prediction method of vertical temperature profile. The
experiments is first conducted to get boundary conditions and true values for CFD. Based on experiments,
appropriate analytical methods of CFD are selected. As a numerical experiment, a parametric study on supply
air conditions is conducted. Assumed those results as true values, the simplified prediction method of vertical

temperature profiles using Block Model is verified, and appropriate turbulent thermal diffusivity is determined,

because it is of great importance on vertical temperature profiles.
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CFD code ANSYS Fluent 14.5, 15.0
Turbulence Model SST k- Model
Radiation Model Surface-to-Surface Model
Algorithm SIMPLE
2 Discretization Scheme for Advection Term| QUICK
Velocity Magnitude : 4.716m/s (600m’/h)
= Inlet Turbulent Intensity : /=10%
: qQQ Turbulent Length Scale : L=21mm
- @Q Temperature : 19.27 deg.C (based on measurement)
© Boundary Condition Outlet Velocity Magnitude : -0.463m/s (600m’/h)
Heating Element Walls (Heat) Heating Element Surface : Heat Flux (625W/m’)
(800x800%800mm) Room Walls : External Temperature
S; try : Free Slij
Walls (Velocity) y.mme =~ ljee By : "
Other Walls : Linear-Logarithmic Blending Law
Bottom End of Supply Air Duct Total Number of Cells 2,023,362
(Inlet Boundary, $300mm)
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— 1620 g CFIl CFIl o A A
£ ° /’ °
= [} o
N 1080
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Temperature [deg.C]
(1) X=900mm (cl)

Temperature [deg.C]
(2) X=2,700mm (c2)

Temperature [deg.C]
(3) X=4,500mm (c3)

Temperature [deg.C]
(5) X=8,100mm (c5)

Temperature [deg.C]
(4) X=6,300mm (c4)
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#& 3 CFDf@#i&# (600m’h, #HIEXER)

Exhaust Opening
(300x300mm) Number of | Supply Airflow| Supply Air CFD code ANSYS Fluent 17.0
Diffusers | Rate [m¥h] | Velocity [m/s] Turbulence Model SST k- Model
Supply Air Duct Case 1-1 1 400 3.14 Radiation Model Surface-to-Surface Model
(¢300mm) Case 1-2 1 600 472 ‘Algorithm SIMPLE
Case 1-3 1 900 7.07 Discretization Scheme QUICK
Case 1-4 1 1,200 9.43 for Advection Term
Case 2-1 2 400 1.57 1-2 2-2 32 4-2
S Case 2-2 2 600 236 Case | (| piffuser) | (2 Diffusers)| (4 Diffusers)| (6 Diffusers)
Z Case 2-3 2 900 3.54 Inlet Vv 4.72m/s 2.36m/s 1.18m/s 0.786my/s
Case 2-4 2 1,200 4.72 I 10% 10% 10% 10%
Case 3-1 4 400 0.786 L 21mm 21mm 28mm 21mm
Case 3-2 4 600 118 oy T Supply Air Temperature : 20deg.C
Case3-3| 4 900 177 Clondiien —= Velocity Magnitude : -0.463m/s
Case 3-4 4 1,200 2.36 Walls Heating Element Surface : Heat Flux (625W/m?)
Heating Element Case 4-1 6 400 0.524 (Heat) Room Walls : External Temperature
* Dimensions in mm (800x800=800mm, 2.0kW) Case 4-2 6 600 0.786 Walls Symmetry : Free Slip
Case 4-3 6 900 1.18 (Velocity) Other Walls : Linear-Logarithmic Blending Law
5 fR#7ZEfE (Case 1, #HMIEEER) Case 4-4 6 1,200 1.57 Total Number of Cells | 2,625,154 | 2936478 | 3632340 | 3.887.170
9,000 4,500 4,500
Exhaust Opening
(300x300mm) g - Supply Air Duct Supply Air Duct =
_ ($300mm) (¢300mm) &
= (Suspgéy Air Duct Supply Air Duct Supply Air Duct | | Supply Air Duct Supply Air Duct
2 $300mm) . ($424mm) . ($424mm) ($424mm) . ($424mm)
Supply Air Duct S
Heating Element ($300mm) :"
(800x800x800mm)

(1) Case 1 (1 Diffuser) (2) Case 2 (2 Diffusers)

(3) Case 3 (4 Diffusers) (4) Case 4 (6 Diffusers)

H6 fRFTERTFEE (Case 1~4, HIEXER)

2700
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2160 M ; ;
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540
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22 24 26 28 30 32 34
Temperature [deg.C]
(1) 400m/h - 20deg.C

Temperature [deg.C]
(2) 600m/h - 20deg.C

22 24 26 28 30 32 34

22 24 26 28 30 32 34
Temperature [deg.C]
(3) 900m?/h - 20deg.C

22 24 26 28 30 32 34
Temperature [deg.C]
(4) 1,200m/h - 20deg.C
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EFEERIOND, TIT, AR TIXCFD MMTRR | g geeteedo i
EEEEBELT, 70y 7 EF ML BBy o Vertia 2 |E]

MOTFHFRRP S B —ET D a i/ RIETK
WRIES D, a lZRATHRELRHFT R TH S0, K
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Exhaust A(g‘

Advection between Advection between
Plume Blocks Room Blocks

270 270 270 270 270 270 270 270 270 270

v
Block 10

Turbulent Thermal Diffusion
between Room Blocks

Convective
Heat Transfer

Entrainment Airflow
Turbulent Thermal Diffusion
between Room Block and Plume Block

8 JOvIETIHE

V(1) a v, (d-1.K) | RAOEE V(L) V,(9.K) i -V (10) V,(10,L)
(1) T T (I-1.K) eR() T T(LL) T,(9.K) i C,(10) 7(9) ‘\‘ T(10,L)
4 E'S N N S S S . B [ S
ar ey ' v ‘_V,, (.L) u”* V,,u,(I,K)‘:_ $ $ _»Vp (1,L)f u“*Vo L10.K)1
Adjacent TALK) : T(I’L) ]];IIUOTIS Adjacent TLK) i o] l;;’;zf Agdjacent 710, i
Block 7 (1K) | () ‘\ 1L lock  p (1K) | ) \ ) Block v, (10,K) ]
l, M*T a K)" f &6, f( ) "K)* K™= &G, <|‘0 K 7 (10, K)'."
\ 1 \
e  habai l‘ _______________ === = T T T T T [t shababi i -
| I \‘ l
V,1.K) N eX )] V.(2) [ V, K LG V.(F+1) L VLD v, (10)
7 (1K) ! 702) v T(2L) T (1K) ! T(I+1) v T(IHLL) T, (10)

(1) Top Block (Block 1)

(2) Medium Block (Block 2~9)
9 REBNX - RERXFEOMER

R4 TOVIETIVICKDHERE

(3) Bottom Block (Block 10)

Mass conservation within the wall adjacent block

v..(LK)-V, (I,K)+V,,(I-1,K)-V,,(I,K)=0

out

Airflow rate of plume

1 3
V,=0.005xW> x(h+h, )}

Mass conservation within the room block

S 0(.K)-

K=1

V. (LK)} +V, Z o (LL)+V.(1+1)-V.(1)=0

Heat balance within the room block (Top block)

P A
K=1

N7, (1.K)-

7(1)+ LZ::Cpprm (I,L){T(I)—Tp (L.L)+C,pV (1 +1)T

Mass conservation within the plume block

V,(I+1,L)-V,(I,L)+V,

n(1,L)=0
Heat balance within the plume block (Top block)

ZCppV (1+1,L){r, (1 +1,0)-T,(1,L)}

(7+1)-7(1);

+C,([+0)4,{T(1+1)-T(1)}+ . 4,{ ZC H,B,(

Heat balance within the room block (Medium block)

2-C,oV, (LKNT, (1K)~
K=l

L), (1,L)-7(1)}=0

T} +C,pV (14 )T (1+1)-T(1)}-C, pV (DT (1 -1)-T(1)}

+ Zcprbe (r.L)r(1)-7,(1,L)}=0

Heat balance within the plume block (Medium block)

ZC oV, (T+1,L){T, (1 +1,2)~T, (1,L)}

+C, (N4, {T(1-1)-T(I)}+C, (1 +1)4,{T(1 +1)- Zc H,B,(

Heat balance within the room block (Bottom block)

3¢, 00, (LK), (1,K) -

1LY, (1.L)-T(1)}=0

T(1)j+C, oV, (T (D) -T(D)} = C,pV (1T (1 -1)-T(1)}

+ZC PV, (L LYT(1)-T, (1, L)}

+3°¢, 1,B,(1.L)(1)-T,(1,L)}=0

Heat balance within the plume block (Bottom block)

+C, (D)4, iT(1 1) =T(1)}+a,4,{T, -T(1)}+ ZC H,B,(I

b= p

Heat transfer coefficient by turbulent diffusion

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

$¢The term with underbar is 0
if V¢ indicates the outflow

ZC PV (LN ()-T, (1, L) W

+ ZCbPHbe (rL)r(1)-7,(1,L)}=0

Cy=a,xC,p[H, Cy=10 from the block.
Nomenclature
V. :Inlet airflow rate from wall adjacent block [m?/s] T :Room block temperature ['C] H, :Height of one block [m]
V. .+ Outlet airflow rate to wall adjacent block [m?/s] T, : Plume block temperature [C] B, : Circumferential length of plume [m]
V. Airflow rate of downflow to the lower block [m*/s] T, : Temperature of downflow [’c] C; _p = Volumetric specific heat of air [J/(m*+K)]
¥, : Airflow rate of plume [m?s] T, : Supply air temperature [‘C] C, :Heat transfer coefficient
Vit Entrainment airflow rate from room block [m?/s] W : Heat generation rate of heating element [W] between room blocks [W/(m?+K)]
V.. : Suuply airflow rate [m?/s] h : Height above the floor [m] C 4 - Heat transfer coefficient between room block
V.. : Exhaust airflow rate [m%s] h, : Distance between virtual heat point and the floor [m] and plume block [W/(m?*K)]
V_ : Vertical flow rate between room blocks [m?/s] A, : Area of the boundary section between room blocks [m?] a, : Turbulent thermal diffusivity [m%s]
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22 24 26 28 30 32 34 22 24 26 28 30 32 34 22 24 26 28 30 32 34 22 24 26 28 30 32 34
Temperature [deg.C] Temperature [deg.C] Temperature [deg.C] Temperature [deg.C]
Identification Function Identification Function Identification Function Identification Function
RMSE 0.367 0.982 0.629 0.753 0.620 0.653 0.622 0.628
at_upper 0.00084 0.0076 0.00046 0.000042 0.00022 0.000039 0.000070 0.000039
ar_lower 0.0047 0.016 0.0035 0.0067 0.0020 0.0024 0.0010 0.0013
(a) Case 1-1 (1 Diffuser) (b) Case 2-1 (2 Diffusers) (c) Case 3-1 (4 Diffusers) (d) Case 4-1 (6 Diffusers)
(1) 400m*/h - 20deg.C
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Temperature [deg.C] Temperature [deg.C] Temperature [deg.C] Temperature [deg.C]
Identification Function Identification Function Identification Function Identification Function
RMSE 0.181 0.229 0.256 0.562 0.317 0.360 0.512 0.545
ai_upper 0.011 0.013 0.0019 0.0054 0.0011 0.0017 0.00050 0.00025
ar_lower 0.018 0.032 0.0079 0.013 0.0049 0.0049 0.0058 0.0028
(a) Case 1-2 (1 Diffuser) (b) Case 2-2 (2 Diffusers) (c) Case 3-2 (4 Diffusers) (d) Case 4-2 (6 Diffusers)
(2) 600m’*/h - 20deg.C
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Temperature [deg.C] Temperature [deg.C] Temperature [deg.C] Temperature [deg.C]
Identification Function Identification Function Identification Function Identification Function
RMSE 0.0952 0.723 0.165 0.294 0.0927 0.359 0.216 0.601
ai_upper 0.12 0.019 0.0073 0.011 0.0028 0.0059 0.0011 0.0041
ar_lower 0.14 0.067 0.020 0.026 0.010 0.010 0.011 0.0058
(a) Case 1-3 (1 Diffuser) (b) Case 2-3 (2 Diffusers) (c) Case 3-3 (4 Diffusers) (d) Case 4-3 (6 Diffusers)
(3) 900m?/h - 20deg.C
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Temperature [deg.C] Temperature [deg.C] Temperature [deg.C] Temperature [deg.C]
Identification Function Identification Function Identification Function Identification Function
RMSE 0.0375 0.770 0.177 0.239 0.101 0.178 0.148 0.443
ai_upper 0.24 0.022 0.020 0.015 0.0083 0.0095 0.0035 0.0072
ar_lower 0.096 0.12 0.066 0.044 0.033 0.017 0.021 0.010
(a) Case 1-4 (1 Diffuser) (b) Case 2-4 (2 Diffusers) (c) Case 3-4 (4 Diffusers) (d) Case 4-4 (6 Diffusers)
(4) 1,200m*h - 20deg.C
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