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ABSTRACT

This paper presents the predicted results by CFD technique of air flow and contaminant distribution in a full-scale kitchen opened to a living room, ventilated by a exhaust hood. To analyze the characteristics of the indoor environment, the concept of contaminant index was defined. In this study, the locations of the gas range and the window were chosen as the parameters to investigate the indoor environment. The values of the contaminant index for several layout of the gas range and the window were calculated and compared. When the gas range is installed along the wall with specified window location, its position in relation to the wall has unnoticed effect on contaminant index. Once the location of the gas range is fixed, the indoor air quality may deteriorate by the proximity of the window to the gas range. This is due to the shorter distance that external fresh air must travel within the kitchen before it reaches the exhaust fan.
1. Introduction

Cooking smoke from kitchen is given unpleasantness to room occupant. Optimal kitchen ventilation system to blow the contaminant outdoor becomes many concerns to house planer in Korea. As the actual equipment for efficient smoking exhaust, kitchen hood system is applied but scientific target is not approached to sufficient design demand. Kelso et al proposed to install air curtain at upper portion of kitchen ventilation system for  preventing smoke diffusion.

In present study by analyzing the characteristics of air flow and contaminant distribution in a full-scale kitchen opened to a living room, ventilated by a exhaust hood, basic concept for planning the apartment house will be established.

2. Numerical Model

Fig 1 presents the plan view of apartment which area is 98m2. The more detail of space with living room and kitchen is shown in Fig. 2. As raw material for 3 opening gas range, LNG gas was used and its dimension is 0.3m x 0.3m x 0.1m. Heat generation per gas range is 1560kcal/h and carbon dioxide generation per gas range is 0.394kg/h. Air flow rate from inlet(hole1 or hole2) is determined as 3m3/(m2h)
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Fig.1 Plane view of a model apartment.[unit;m]
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Fig.2 Schematic diagram of the kitchen and living room are

3. Governing equation and boundary conditions

3.1 Governing equation

Selected 3-dimensional analytical model's flow and heat transfer technology is based on governing equations in which consists of continuous equation, momentum equation, kinetic energy equation, kinetic energy dissipation equation, and energy equation.
continuous equation;
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momentum equation;
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kinetic energy equation;
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kinetic energy dissipation equation;
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energy equation;
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contamination equation;
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(12)
It is assumed that indoor airflow is turbulence with buoyancy force because of the kitchen size and heating source. In equation (2) Tm is the reference temperature and in this study it is based on the inlet temperature 20℃ of outdoor. 
[image: image18.wmf]T

S

and 
[image: image19.wmf]C

S

means the source of energy and contamination in gas range area, and the value of each is 6.04 ×105W/m3 and 3.65 ×10-2kg/(m3s).

3.2 Boundary conditions

In Table 1, the velocity from inlet is derived from the fan of gas range hood which is controlled as the operating condition of “strong”, “medium”, “low”.

4. Numerical analysis method

In order to analyze the air-flow pattern, based on Patankar’s Finite Volumetric Method was used as a standard procedure to discrete and therefore, it was solved through SIMPLE algorithm. The actual calculations were made by commercial CFD program, PHOENICS. To carry out this research, calculations were made about 5,000 times repeatedly.
Table 1 Boundary Conditions in the kitchen and living room area
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5. Results and discussions

Convenience to discuss “reference kitchen” is determined as shown in Fig.2 and the parameter to study is assumed as fan’s operating conditions as mentioned before. And also the location of the gas range and the location of the windows are selected as the variable, too. Simultaneously, to consider the circumstances of severe generation of carbon dioxide the condition of the fan is determined as “strong” as reference.

To compare the indoor CO2 concentration distribution of each case contamination index was defined as follows.
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 means indoor average CO2 concentration and V means volume of the room. The subscript a and b shows reference kitchen and modified kitchen.
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Fig.3 Schematic diagram for parametric study.[unit ; m]
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Fig.4 Distribution of velocity vector at x-y plane, 

reference kitchen.[z=1.5m, unit ; m/s]
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Fig. 5 Concentration of CO2 at y-z plane,

 reference kitchen.[x=2.25m, unit ; ppm]

Fig 3 shows the location of gas range and window for parameter study. The outdoor air to inside make feeble circulation at kitchen and living room. The velocity at living room is under 0.05m/s and this kind of speed cannot give any feeling to dwellers. The air induced through window make short-cut air flow sucking into range hood by dint of the buoyancy force at gas range. This kind of short-cut air flow phenomena present the situation that the fresh air is removed immediately. The temperature distribution around the gas range showed 200℃ but most of the room space represents 20℃. This is due to air short-cut, the air of high temperature was not diffused to room but exhausted by range hood as shown in Fig. 4. As shown in the figure, room contamination tendency appears that the region of gas range is higher than the region of living room. CO2 concentration distribution shows approximately 6562 ppm and as far as air travels from hood, it is known that CO2 concentration is reduced. It is thought that most of the generated CO2 is exhausted to outside due to the ability of the fan through the hood. Also it can be thought that the operating condition of the fan influence the indoor CO2 distribution. At the region except the gas range CO2 concentration appears from 500ppm to 530ppm

Fig. 6 shows average CO2 concentration with operating condition of the fan. In the figure, vertical axis shows average CO2 concentration and horizontal axis shows the working condition of range hood. The average CO2 concentration looks higher in the condition of “low” fan due to the diffusion of CO2 to residential space not sucking to range hood smoothly as shown in Fig 4 and Fig 5. When the fan operating condition is changed from “medium” to “strong” the flow rate of the fan is increased as much as 20%. But room average CO2 concentration showed no big difference, so it is profitable to use the fan as “medium” condition at the point of view of energy efficiency.

5 .2 Comparison of CO2 concentration with the variation of location

When the location of the gas range is L2, the contamination index becomes 1.2 and it is known that room environment becomes worse than reference kitchen. The reason is why that the location of the gas range is nearer than the reference kitchen, the CO2 generated from gas range diffused toward the living room. In case of location L3, the contamination index shows 0.97 and it is similar to the value of reference kitchen. Even though the gas range location is changed, if the gas range is installed near window, the concentration index shows almost the same value.
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Fig. 6 Average CO2 concentration with operating condition fan of range hood
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Fig. 7 Contamination index with location of gas range and hood
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Fig. 8 Contamination index with window location

5 .3 Indoor environment characteristics with the window installation

On indoor contamination, it would be profitable to move the window installation location, because every s location represents the contamination index under 1. In the figure contamination index has a tendency that until s=0.9 it is reduced and after s=0.9 adversely it is increased along with the window location from range hood. When the window and the range hood is close to each other the fresh air can not be induced to indoor but most of the air is sucked to the range hood and exhausted to outside. But if it is kept a proper distance fresh air can be induced to the residential space. When kitchen is planed it is necessary to make important on the gap of window and the gas range.

Conclusion 

The values of the contaminant index for several layout of the gas range and the window were calculated and compared. When the gas range is installed along the wall with specified window location, its position in relation to the wall has unnoticed effect on contaminant index. Once the location of the gas range is fixed, the indoor air quality may deteriorate by the proximity of the window to the gas range. This is due to the shorter distance that external fresh air must travel within the kitchen before it reaches the exhaust fan.
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TALK=T;RUN( 1, 1);VDU=VGAMOUSE

 ************************************************************

  Group 1. Run Title

 TEXT(kitchen ventilation)

 ************************************************************

  Group 2. Transience

 STEADY  =    T

 ************************************************************

  Groups 3, 4, 5  Grid Information

 REAL(X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11)

 REAL(Y1,Y2,Y3,Y4,Y5,Y6,Y7,Y8,Y9,Y10,Y11,Y12,Y13,Z1,Z2,Z3,Z4,Z5)

 INTEGER(NX1,NX2,NX3,NX4,NX5,NX6,NX7,NX8,NX9,NX10,NX11)

 INTEGER(NY1,NY2,NY3,NY4,NY5,NY6,NY7,NY8,NY9,NY10,NY11,NY12,NY13)

 INTEGER(NZ1,NZ2,NZ3,NZ4,NZ5,nf)

 nf=1

 *****************

 X1=1.2

 X2=0.2

 X3=0.2

 X4=0.83

 X5=0.1

 X6=0.135

 X7=0.2

 X8=0.135

 X9=0.46

 X10=0.2

 X11=2.

 NX1=10*nf

 NX2=1*nf

 NX3=1*nf

 NX4=5*nf

 NX5=1*nf

 NX6=1*nf

 NX7=2*nf

 NX8=1*nf

 NX9=5*nf

 NX10=1*nf

 NX11=10*nf

 ****

 Y1=2.41

 Y2=0.2

 Y3=0.91

 Y4=0.6

 Y5=0.2

 Y6=0.6

 Y7=2.07

 Y8=0.2

 Y9=2.07

 Y10=0.1

 Y11=0.175

 Y12=0.2

 Y13=0.175

 NY1=8*nf

 NY2=1*nf

 NY3=4*nf

 NY4=2*nf

 NY5=2*nf

 NY6=2*nf

 NY7=5*nf

 NY8=1*nf

 NY9=10*nf

 NY10=1*nf

 NY11=1*nf

 NY12=2*nf

 NY13=2*nf 

  ****

 Z1=1.2

 Z2=0.1

 Z3=0.5

 Z4=0.3

 Z5=0.9

 NZ1=4*nf

 NZ2=2*nf

 NZ3=4*nf

 NZ4=4*nf

 NZ5=4*nf

  * set the location of the contaminant.

 INTEGER(JJ,NXS,NYS,NXL,NYL,answ)

 MESG(Where is the CO2?

 MESG(If   top,      type  1 !

 MESG(If   middle,   type  2 !

 MESG(If   bottom,   type  3 !

 READVDU(answ,int,1)

 jj=2

 case answ of

 when 1

 NXS=NX1+NX2+NX3+NX4+NX5+NX6+1

 NYS=NY1+NY2+NY3+NY4+NY5+NY6+NY7+NY8+NY9+NY10+NY11+1

 NXL=NX1+NX2+NX3+NX4+NX5+NX6+NX7

 NYL=NY1+NY2+NY3+NY4+NY5+NY6+NY7+NY8+NY9+NY10+NY11+NY12

 when 2

 NXS=NX1+NX2+1

 NYS=NY1+NY2+NY3+NY4+NY5+NY6+NY7+1

 NXL=NX1+NX2+NX3

 NYL=NY1+NY2+NY3+NY4+NY5+NY6+NY7+NY8

 when 3

 NXS=NX1+NX2+NX3+NX4+NX5+NX6+NX7+NX8+NX9+1

 NYS=NY1+1

 NXL=NX1+NX2+NX3+NX4+NX5+NX6+NX7+NX8+NX9+NX10

 NYL=NY1+NY2

 endcase

    * grid in x direction

 NREGX=11

 IREGX=1;GRDPWR(X,NX1,X1,1)

 IREGX=2;GRDPWR(X,NX2,X2,1)

 IREGX=3;GRDPWR(X,NX3,X3,1)

 IREGX=4;GRDPWR(X,NX4,X4,1)

 IREGX=5;GRDPWR(X,NX5,X5,1)

 IREGX=6;GRDPWR(X,NX6,X6,1)

 IREGX=7;GRDPWR(X,NX7,X7,1)

 IREGX=8;GRDPWR(X,NX8,X8,1)

 IREGX=9;GRDPWR(X,NX9,X9,1)

 IREGX=10;GRDPWR(X,NX10,X10,1)

 IREGX=11;GRDPWR(X,NX11,X11,1)

   * grid in y direction

 NREGY=13

 IREGY=1;GRDPWR(Y,NY1,Y1,1)

 IREGY=2;GRDPWR(Y,NY2,Y2,1)

 IREGY=3;GRDPWR(Y,NY3,Y3,1)

 IREGY=4;GRDPWR(Y,NY4,Y4,1)

 IREGY=5;GRDPWR(Y,NY5,Y5,1)

 IREGY=6;GRDPWR(Y,NY6,Y6,1)

 IREGY=7;GRDPWR(Y,NY7,Y7,1)

 IREGY=8;GRDPWR(Y,NY8,Y8,1)

 IREGY=9;GRDPWR(Y,NY9,Y9,1)

 IREGY=10;GRDPWR(Y,NY10,Y10,1)

 IREGY=11;GRDPWR(Y,NY11,Y11,1)

 IREGY=12;GRDPWR(Y,NY12,Y12,1)

 IREGY=13;GRDPWR(Y,NY13,Y13,1)

   * grid in z direction

 NREGZ=5

 IREGz=1;GRDPWR(Z,NZ1,Z1,1)

 IREGz=2;GRDPWR(Z,NZ2,Z2,1)

 IREGz=3;GRDPWR(Z,NZ3,Z3,1)

 IREGz=4;GRDPWR(Z,NZ4,Z4,1)

 IREGz=5;GRDPWR(Z,NZ5,Z5,1)

 ************************************************************

  Group 6. Body-Fitted coordinates

 ************************************************************

  Group 7. Variables: STOREd,SOLVEd,NAMEd

 SOLVE(P1,U1,V1,W1,TEM1,C1)

 STORE(PRPS,DEN1,ENUT,EL1,EPKE)

 SOLUTN(P1  ,Y,Y,Y,N,N,Y)

 SOLUTN(U1  ,Y,Y,N,N,N,Y)

 SOLUTN(V1  ,Y,Y,N,N,N,Y)

 SOLUTN(W1  ,Y,Y,N,N,N,Y)

 SOLUTN(TEM1 ,Y,Y,Y,N,N,Y)

 SOLUTN(C1  ,Y,Y,Y,N,N,Y)

 TURMOD(KEMODL)

 ************************************************************

  Group 8. Terms & Devices

 ************************************************************

  Group 9. Properties

 RHO1  = GRND10

 CP1   = GRND10

 ENUL  = GRND10

 PRNDTL(TEM1) = -GRND10

 REAL(SC);SC=1.0

  * ex. coef=rho*enul/(enul/diffu)=rho*enul/(schmidt number)

 PRNDTL(C1)=SC

 ************************************************************

  Group 10.Inter-Phase Transfer Processes

 ************************************************************

  Group 11.Initialise Var/Porosity Fields

 * FIINIT(P1  ) =  READFI    ;FIINIT(U1  ) =  READFI

 * FIINIT(V1  ) =  READFI    ;FIINIT(W1  ) =  READFI

 * FIINIT(KE  ) =  READFI    ;FIINIT(EP  ) =  READFI

 * FIINIT(C1  ) =  READFI    ;FIINIT(BLOK) =  1.000E+00

 * FIINIT(EPKE) =  READFI    ;FIINIT(EL1 ) =  READFI

 * FIINIT(ENUT) =  READFI    ;FIINIT(DEN1) =  READFI

 * FIINIT(PRPS) =  0.000E+00    ; FIINIT(TEM1) =  READFI

 FIINIT(KE  ) =  4.000E-04

 FIINIT(EP  ) =  1.314E-04

 FIINIT(PRPS) =  0.000E+00

 FIINIT(TEM1) =  300.

  #  RIGHT BOTTOM BLOCK

 PATCH (B1      ,INIVAL,#1,#1,#1,#3,1,NZ,#1,#1)

 INIT  (B1      ,PRPS, 0.000E+00, 1.98E+02)

  *  LEFT UPPER BLOCK

 PATCH (B2      ,INIVAL,#9,#11,#7,#13,1,NZ,#1,#1)

 INIT  (B2      ,PRPS, 0.000E+00, 1.98E+02)

  * SINK PLATE

 PATCH (B3      ,INIVAL,#1,#8,#11,#13,#1,#1,#1,#1)

 INIT  (B3      ,PRPS, 0.000E+00, 1.98E+02)

   * HOOD CANOOPY1

 PATCH (B4      ,INIVAL,#5,#8,#10,#10,#4,NZ,#1,#1)

 INIT  (B4      ,PRPS, 0.000E+00, 1.98E+02)

  * HOOD CANOOPY2

 PATCH (B5      ,INIVAL,#5,#5,#11,#13,#4,NZ,#1,#1)

 INIT  (B5      ,PRPS, 0.000E+00, 1.98E+02)

 INIADD  =    F

 ************************************************************

  Group 12. Convection and diffusion adjustments

   No PATCHes used for this Group

 ************************************************************

  Group 13. Boundary & Special Sources

 real(vel,rref,kein,epin)

 rref=1.189

 MESG(How much flow rate comes in? [CMH]

 MESG(Which one? 291CMH, 382CMH, 450CMH?

 readvdu(vel,real,1.0)

 VEL=VEL/(3600.*0.2*0.1)

 kein=0.5*(0.02*vel)**2

 epin=0.1643*kein**1.5/(0.2)

 fiinit(ke)=kein; fiinit(ep)=epin

 PATCH (NW      ,NWALL ,1,NX,NY,NY,1,NZ,#1,#1)

 COVAL (NW      ,U1  , GRND2    , 0.000E+00)

 COVAL (NW      ,W1  , GRND2    , 0.000E+00)

 COVAL (NW      ,KE  , GRND2    , GRND2    )

 COVAL (NW      ,EP  , GRND2    , GRND2    )

 COVAL (NW     ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (SW      ,SWALL ,1,NX,1,1,1,NZ,#1,#1)

 COVAL (SW      ,U1  , GRND2    , 0.000E+00)

 COVAL (SW      ,W1  , GRND2    , 0.000E+00)

 COVAL (SW      ,KE  , GRND2    , GRND2    )

 COVAL (SW      ,EP  , GRND2    , GRND2    )

 COVAL (SW     ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (WW      ,WWALL ,1,1,1,NY,1,NZ,#1,#1)

 COVAL (WW      ,V1  , GRND2    , 0.000E+00)

 COVAL (WW      ,W1  , GRND2    , 0.000E+00)

 COVAL (WW      ,KE  , GRND2    , GRND2    )

 COVAL (WW      ,EP  , GRND2    , GRND2    )

 COVAL (WW     ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (EE1      ,EWALL ,NX,NX,1,NY,1,NZ,#1,#1)

 COVAL (EE1      ,V1  , GRND2    , 0.000E+00)

 COVAL (EE1      ,W1  , GRND2    , 0.000E+00)

 COVAL (EE1      ,KE  , GRND2    , GRND2    )

 COVAL (EE1      ,EP  , GRND2    , GRND2    )

 COVAL (EE1     ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (EE2      ,EWALL ,NX,NX,15,18,1,#4,#1,#1)

 PATCH (LW      ,LWALL ,1,NX,1,NY,1,1,#1,#1)

 COVAL (LW      ,U1  , GRND2    , 0.000E+00)

 COVAL (LW      ,V1  , GRND2    , 0.000E+00)

 COVAL (LW      ,KE  , GRND2    , GRND2    )

 COVAL (LW      ,EP  , GRND2    , GRND2    )

 COVAL (LW     ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (HW1      ,HWALL ,1,NX,1,NY,NZ,NZ,#1,#1)

 COVAL (HW1      ,U1  , GRND2    , 0.000E+00)

 COVAL (HW1      ,V1  , GRND2    , 0.000E+00)

 COVAL (HW1      ,KE  , GRND2    , GRND2    )

 COVAL (HW1      ,EP  , GRND2    , GRND2    )

 COVAL (HW1    ,TEM1, 7.00E+00, 3.000E+02)

 PATCH (OUT     ,HIGH ,#6,#8,#11,#13,NZ,NZ,#1,#1)

 COVAL (OUT     ,P1  , FIXP    , 0.000E+00)

 COVAL (OUT     ,TEM1  , ONLYMS  , SAME)

 COVAL (OUT     ,C1  , ONLYMS  , SAME)

 PATCH (dust   ,VOLUME ,NXS,NXL,NYS,NYL,#2,#2,#1,#1)

 COVAL (dust   ,TEM1  , FIXVAL ,  873.)

 COVAL (dust   ,C1  , FIXVAL ,  1.)

 PATCH (BUOYANCY,PHASEM,#1,#NREGX,#1,#NREGY,#1,#NREGZ,#1,#NREGT)

 COVAL (BUOYANCY,U1  , FIXFLU   , GRND3    )

 COVAL (BUOYANCY,V1  , FIXFLU   , GRND3    )

 COVAL(BUOYANCY, W1, FIXFLU, GRND3) 

 BUOYA   = 0.000E+00 ; BUOYB =0.000E+00 ; BUOYC = -9.800E+00

 BUOYD   = GRND10

 BUOYE   = 587

 MESG(Where is the INLET?

 MESG(If   kitchen window, type  1 !

 MESG(If   door,           type  2 !

 MESG(If   living window,  type  3 !

 READVDU(answ,int,1)

 jj=2

 case answ of

 when 1

 PATCH (IN      ,NORTH ,#3, #3, NY, NY, #2, #2, 1, 1)

 COVAL (IN      ,P1    , FIXFLU, rref*vel)

 COVAL (IN      ,V1    , 0,  -vel)

 COVAL (IN      ,KE    , 0,  kein)

 COVAL (IN      ,EP    , 0,  epin)

 COVAL (IN      ,TEM1 , 0,  300.)

 COVAL (IN      ,C1    , 0,  0.0)

 when 2

 PATCH (IN      ,EAST ,NX, NX, #5, #5, #2, #2, 1, 1)

 COVAL (IN      ,P1    , FIXFLU, rref*vel)

 COVAL (IN      ,U1    , 0,  -vel)

 COVAL (IN      ,KE    , 0,  kein)

 COVAL (IN      ,EP    , 0,  epin)

 COVAL (IN      ,TEM1 , 0,  300.)

 COVAL (IN      ,C1    , 0,  0.0)

 when 3

 PATCH (IN      ,SOUTH ,#3, #3, #1, #1, #2, #2, 1, 1)

 COVAL (IN      ,P1    , FIXFLU, rref*vel)

 COVAL (IN      ,V1    , 0,  vel)

 COVAL (IN      ,KE    , 0,  kein)

 COVAL (IN      ,EP    , 0,  epin)

 COVAL (IN      ,TEM1 , 0,  300.)

 COVAL (IN      ,C1    , 0,  0.0)

 endcase

 EGWF    =    T

 ************************************************************

  Group 14. Downstream Pressure For PARAB

 ************************************************************

  Group 15. Terminate Sweeps

 LSWEEP  =    3000

 SELREF  =    T

 RESFAC  = 1.000E-03

 ************************************************************

  Group 16. Terminate Iterations

 ************************************************************

  Group 17. Relaxation

 RELAX(P1  ,LINRLX, 0.8)

 RELAX(U1  ,FALSDT, 10.)

 RELAX(V1  ,FALSDT, 10.)

 RELAX(W1  ,FALSDT, 10.)

 RELAX(KE  ,FALSDT, 10.)

 RELAX(EP  ,FALSDT, 10.)

 RELAX(TEM1  ,FALSDT, 10.)

 RELAX(C1  ,FALSDT, 10.)

 KELIN   =       3

 ************************************************************

  Group 18. Limits

 ************************************************************

  Group 19. EARTH Calls To GROUND Station

 ************************************************************

  Group 20. Preliminary Printout

 ECHO    =    T

 ************************************************************

  Group 21. Print-out of Variables

 ************************************************************

  Group 22. Monitor Print-Out

 IXMON   =       15 ;IYMON  =      10 ;IZMON  =       6

 NPRMNT  =       1

 TSTSWP  =      -1

 ************************************************************

  Group 23.Field Print-Out & Plot Control

   No PATCHes used for this Group

 ************************************************************

  Group 24. Dumps For Restarts

 ************************************************************

 STOP 
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