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#3& 4 5 Impinging Jet Ventilation J7 28" (LUK 1TV J520)
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2. SHERK CFD f2H7IZ & % $ERER

2.1, TR E R AT

BES Y ClE, BEROBRSFICEREERNLHES
NIERERERZ 5 25 2 L TEANKRMER 2 FE TR
7% CFD M Rk MaT L2, RSS2 L F 4
5HERMBELEELZZ TS, TOH, FEERT
DRT AN v 7 AET 4 TIEREINORESRMS 25/
Sl U, ENEBER O B & R U T RT3 4
B S525, AEITIEX. BB FAED CFD BT 1
Z TG R AEAT 21TV, RSO ERE LD
LR T D, AT RILTE 9.0%5.0%2.7m D =
T, DV E 2 A E 600mm (2722 K 9 I25RE S 1.
HAWmERZE L BVAN & L TERRIZHEER
(2.0kW) #6792 (B1), BETEMFTE & RIkR. Wk JEl
£ 600m’/h, WHIEE 20°C & L, #LIEE T /1ICIE SST
ko EFLEAVE (R, BEFEITEESZEM
WDV« BGELIN W R T A > 3 = 8 D A D B fRAT
(Surface-to-surface €7 /L) & L. A v = fOFER
BlIv A L —2 U FEICTEB L, BREkE L
THEBIRE R X OBER OMMEEE 5 2 1=,

Exhaust Opening 2700
(Outlet Boundary) ﬁ 1 C FD ﬁ’i *ﬁ %14-_
CFD code Ansys Fluent 14.5 2160
Turbulence Model SST k-o Model
Radiation Model Surface-to-surface Model
‘Algorithm SIMPLE T 1620
Discretization Scheme QUICK E Surface
for Advection Term N 1080 temperature
Supply RS Velocity Magnitude : '=4.716m/s , boundary
9 Inlet Turbulent Intensity : 7=10% '
Turbulent Length Scale : L=21mm 540 .tl
Boundary | Outlet Velocity Magnitude : -0.463m/s / External temperature
% Conditions | Walls Room Walls : External Temperature A\ boundary
. (Heat) Heating Element Surface : Heat Flux 0
2009~ 2,500 o« > Walls Symmetry : Free Slip 25 26 27 28 29 30
Ve e SN (Velocity) | Other Walls : Linear-Logarithmic Blending Law
v [mm] Total Number of Cels 2023362 Mean Temperature [deg.C]
5 : : v =a 3
1 fE#TZEM (Validation Model) 2 ERMEEEST
£ Exhaust Openin Supply Duct Supply Duct =
E (300><300n}"1m)< (¢ 424mm) (¢424mm) ?2%"6&'3%3‘ :
S ] ] ] ] i =
b Supp&y Duct Exhaust Opéing Sup3p(% Duct Supply Duct Exhaust O;{l:ing Exhaust Opening | &
YJ - (¢ 300mm) Q (300x300mm) Y‘ - (#300mm) E (#300mm)~gq YJF'X (300%300mm) YJ!_'X (300%300mm) =
=
w
. Heating Element p p Heating Element . Heating Element . Heating Element
(800x800x800mm) - - (800x800x800mm) (800x800x800mm) (800x800x800mm)
. 9,000 mm . 9,000 mm . 9,000 mm 9. 030 mm ,
(1) Case 1 (BRHA 11&) (2) Case2 (MRQA 2 &) (3) Case 3 (KO 4 f&) (4) Case4 (WHiO 6 &)

3 NIAMIYIRETAITE T HBNEMTFER (Case 1~4)

A Study on Semi-Displacement Ventilation System using Impinging Jet Flow
Part 6. Prediction of Vertical Temperature Distribution using Block Model based on Numerical Experiment by CFD
SUGITA Kazuki, KOBAYASHI Tomohiro, UMEMIYA Noriko
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TXLWREENRHDL EE XD,

3. 7OV I ETIIZLEBERNRERESTDOFTH
31. ETILHE
Ty 7TV CIRENZE M AN E T E R D T

-
—

2y ZIZpEL, = BT - AT L—LA0T Ry
7 OB - JEE: & ONTBER TOEEEIC L 58
A L, hERE A 2SI THT 5, AW
Tl FEBREIFRRB L OHUEER & FEROEL2EE L
TE~HEZ 9.0%5.0x2.7m & L, ENZHE T MM
MRIZ10 0B Lz, 7ry 27T VOMEXAZEG6 (2
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DV ICE DRI TEHO7T 1 v 7 10 26470, HEX
Ik B o7 ey 7 1036475, £72. BT L—
LEAE U DRBVRZRE L BT FERP L OVCFD
ERIBRIC 2.0kW & L7z, 72385, BEHR OB R SRMITITAL
SHE R CFD fEMTIC R 2 Kl - RIFm - BEEIRE &
FNFENG 2T, KETILCTIRENEIRE S 2 Tl
D0 B7 0y 7 | ([N BEmICI D TR (B
HUVMT ERWR) #XKBT D [BERT oy 7| BT L —

LOWBREERST D [FA—0aT 0y 7] O3 FHEEIC
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BEAZ AL, &7 0 v 7 IRE LVIIRE 2 5 2
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7 THELD FRRELIZI EFROREZRH BT 5, &
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. (Ouies Bonadars) &2 CFD@H&H (BIEXR)
CFD code Ansys Fluent 14.5
> Turbulence Model SST k-w Model 2160
| Radiation Model Surface-to-surface Model
: Algomhm SIMPLE — 1620
Discretization Scheme QUICK £
for Advection Term £
Case 1 [ Case2 | Case3 | Case4 N 1080
Supply O et |V [ms1| 4716 | 2358 | 1179 | 0.786
y:// 11[%] 10 10 10 10
> iy L [mm] 21_ 2_1 30 21 540
> Conditions Outlet Velocity Magnitude : -0.463m/s
Walls Room Walls : External Temperature
(Heat) Heating Element Surface : Heat Flux 0
o QQQ‘m Walls Symmetry : Free Slip 23 25 27 29 31
7 [mm] (Velocity) | Other Walls : Linear-Logarithmic Blending Law Mean Temperature [deg.C]
Case 1 Case 2 Case 3 Case 4 —_— N
4 fETZER (Case 1) Total Number of Cells | ) (5154 2036478 3632340 3887170 5 EANHMEREDM (Case 1~4)

Turbulent Thermal Advection Advection
Exhaust Air Diffusion between ) between between Room
4 Room Blocks (upper region) Plume Blocks / Blocks B | Input initial conditions |
= = 14 ¢
- ‘" |
. : E | Calculation of downflow along the room walls |<—
Wall ”_,‘ = ¢
Adjacent <= S . q
Block IS -J- o | Calculation of air flow rate balance for the plume blocks |
<= & 7
»; o
- S | Calculation of heat balance for the plume blocks |
Downflow -‘ =71
along Vertical | =& v
Room Walls = ¢ = | Calculation of air flow rate balance for the room blocks |
<= &
-»‘ o 7
2
I, I | Calculation of heat balance for the room blocks |
= o
I N v
: E | Satisfy convergence criterion N
i o
Supply Air 7 Entrainment Airflow Convective Y Yes
Turbulent Thermal Diffusion Turbulent Thermal Diffusion Heat Transfer | Finish calculation |
between Room Blocks (lower region) between Room Block and Plume Block
H6 JAvYETIHER B7 FHEBERE
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REKTT 5, AFIEICET D REE - ZUEIL K O
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3.3. PHRIFER L BTFHER DL

AT, FhhE R CFD i fr o fs 3 % BAE & K E
LT ey 7T MIEDTPHRERE BT S5, BT
7y 7 W OEREBIEHIRE o, 1L, EO LEE THT
ZAVEI A, pper & Ay oer D 2 DIZXBI L TRLEE 5341 D
FHEMSRENEME KD L BT 2 AaG b &b
THRIEIZ I VAT 2HICRIET Do a4, o (X7 H v
1 ~TD7 2y TER 4 e (TR Y7 T~10D
Tuay7EERE LT, EREN 10T~ 10" OFFH TR
E LTz, ZHUTRHRIRORE L 2T 2 k2 = i
EXBITHZEEBR LD THD,

KA E ST 4 pper & Uy souer TRT &L BT
B O R E OE S AR 9 1ITRT, &
LIZBWT CFD T & 7 a v 7 =T O R
PD—HLTEBY, DV Zxtg L LizGA Gl 2Lk
R AEED FE L FE O 2 fERIC RT3 2 & DY
WP RENTZEFZ D, RETHET VOMLIZITZ
D 2 FEOELRBILEARE & B F A AT D & T AT R

. ) ' Block (I-1)
Vea(l) Tc Vmd(I-1,K) o Ve(l) Vp(l) .
h Tim(I-1,K) : Ch() () Tp(l) Vind(9,K) | Block 9, 10 Vp(10)
r L 2N I I . S Tm(9,K) ! Cb(10) 7(10) Tp(10)
1 Vout(1,K) t
Vim(1,K) l Td(LK) Block 1 Wmt(] K) N T e
Tm(1,K) Ying1 ) (1) Vin(.K) L) Block (I) P Wmmo K)
Tm(1.K) Tm(LK) k) () Vfin(l,L) ymox) | 1 LAA0K) Block 10
» £ 1()
o _l' T---——-l---- HT‘"”'K) ORI vingro.) e
. t t \ Tm(10,K)
vmd(LK) c v e T8 [ VA R (14 4 4
Tm(LK) ! Block 2 Vmd(LK) . Ch(1+1) Ve(l+1)  Vp(I+1) T
Tm(,K) , _— 1T)(1+1) Tp(I+1) Vsa(10) T
(1) BEHTOyY 2) BRETOvY (3) BFHTAYY
H8 JavsETLISETZARNE - RENLHER

£3 JOVIETIVCBITAHERE

Air flow rate of plume

v, —0005xW‘ (h- h)

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

11111

Air flow rate and heat balance of plume block
V,(I+1,L)=V,(I,L)+V,,(I,.L)=0
[Top block]
Zc oV (I+1L,L)T, (1+1,L)-

L 3t 8, (1.1 1)-1, 1.2} =0

[Medium block]
ic AV ([+L LT, (1 +1,L)~T, (I,L

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

Je 2oV L), ()
+Zc H,B,(

[Bottom block]

Zc oV (L) -T, 7,(I,L)}=0

7,(1,L) }+W+ZC H,B,(LLT(D)-T,

Air flow rate and heat balance of room block

S K) V(1K V1) Fol0) =3, 21,1 1) (1)=0

[Top block]
2Co V1K1 K) T () 22, (0.1, 1.1) -

(1)}

T(D)}+C,pV, (1 + )T (1 +1)-
+ C (1404, T+ ) -T(+ o, T, - T+ €, H,B, (1, LT, (1.L)-T(1)}=0

[Medium block]
3C, 00, (1L K)T, (1K) -

T(1)}=C,pr. (DTl =1)-1(1)}

+3¢, H,B, (1LY, (1.L)-T(1)}=0

T(1)}+C,pV, (1 +1{T(1 +1)-

+C,(NAT(1 -1)=T(1)}+C, (1 +1)4,{T(1 +1)-T(1)}

[Bottom block]
ZCPPVM(LK){T”,(LK)*T(I)}+C PV (T, (D)= T(1)} - C, pV (T (1 -1)-T(1)}

+C, (A1 =)-T(D+ a4, T, ~T(1)}+ ZC»; 10T, (1.L)-T(1)}=0

$The terms 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,
V,, :Entrainment air flow from block [m?/s] V., :Exhaust air flow rate [m%/s] w
V,, :Inletair flow from wall down flow [m¥s] ¥/, : Vertical flow rate between room blocks [m%/s] &
V., :Outletair flow to wall down flow [m*/s] 7" : Room block temperature [‘C] hy
V,, : Mixed wall down flow [m%/s] T, : Plume temperature ['C] B
v, T,

.o - Vertical flow rate of mixed flow [m?/s] ", Temperature of wall down flow [C]

: Heat generation rate of heating element [W]
: Height above the floor [m] B
: Distance to virtual point heat source from floor [m] ~ C,

: Circumferential length of heating element [m]

: Supply air temperature ['C] : Area of boundary surface of block [m?]

: Height of one block [m]

: Circumferential length of plume [m]

: Heat transfer coefficient between blocks [W/(m?+K)]

: Heat transfer coefficient around plume [W/(m?+K)]

C,p : Volumetric specific heat of air [J/(m**K)]
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Arg, & 4,y THZOMEMITIRAOND L OD, E B
T D & 4, e DEITRE < FREMZ I 2 T
b EDEE TEIGRVATREMEN & D, T X5
IS E VB TFETIIERDREMEESND Z LB
BLTWDHEEZLND,

x4 RDIFEICKYERE LELRAILERRE
Case 1 2 3 4

At upper [mz/ s] 0.011 0.0021 0.0013 0.00064
a; lower [mz/S] 0.021 0.010 0.0062 0.0072
10! 10!
Ay ypper = 0.00084r,,,,,07% Case 1
. Case 1 . Case 2
Z 102 Z e Case 4
.% X, Case 3 Eﬁ Case 3
% 103 Case 2%, % 1073
N Case 4 N
104 10
0.01 0.10 1.00 10.00 0.001 0.010 0.100
At oo [] Argy [-]
(1) =Lk (2) =T

X 10 EREBMLEREE TILFATRAHEOE R

2700

CFD
2160 (True value)
E 1620
E Block
N 1080 Model ;"
\
540 CFD

(True value)

22 24 26 28 30 32 22 24 26 28 30
Temperature [deg.C] Temperature [deg.C]

(1) Case 1 (2) Case?2
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