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- *
ol COMPUTER PROGRAM FOR CALCULATING THE ELECTRICAL ENERGY *
* CONSUMPTION OF VARIABLE AIR VOLUME SYSTEM(VAV)THAT USE *
* 1: Inlet Guide Vanea(IGV) *
* 2: Variable Speed Drives(VSD) *
* IS THE AIR FLOW MODULATOR. T
L]
- WRITTEN BY *
hd CHARNNARONG ASSAVATESANUPHRP *
® L]
* C816035 *
*t*‘**i**ittli**i*i!*ii*‘i*itttiil‘i’il‘**tl"*"!*ii*i’!iti'itiiiit!iti!*"
SUBROUTINE VAV_CRL(TZDNE,SENSIBLE,ENER,DELTA_P,CFH_HAX,CAP_HAX

+ +AREA, EMAX)
[ee
.C CALCULATION OF VARIABLE AIR VULUME SYSTEM =m===mmssunsme
[
[
[ ASSIGN VARIABLES
[
[ AIR_DENSITY = DENSITY OF ARIR, kg/m~3
[ AREA = FLOOR AREA,m"2
[ ARER_ER = RATIO OF FLOOR AREAR TO COIL LOAD,m"2/Tons
C CAP_MAX = MAXIMUM CAPRCITY OF SYSTEMS
Cc CFM_MAX = MAXIMUM CFM OF SYSTEMS
Cc EFFM = EfFICIENCY OF MOTOR
c EMAX = MAXIMUM FAN POWER CONSUMPTION,W
c ENER = FAN ELECTRICAL POWER CONSUMPFTION,W
C FLOW = DISCHARGE AIR VOLUME FLOW RATE,cfm
Cc MASS_FLOW m MRSS FLOW RATE OF DISCHARGE AIR, kg/s
C PMAX = MAXIMUM PRESSURE DROF IN DUCT SYSTEM, Pa
C PS = FAN SHARFT INPUT POWER,W
C PSMAX = MAXIMUM FRN SHAFT INPUT POWER,W
C \ QMAX = MAXIMUM AIR VOLUME FLOW RATE,cfm
C ' RESIST = PRESSURE DROP IN DUCT SYSTEM, Pa
C SENSIBLE = TOTAL SENSIBLE LOAD,W
c TCOLD » DISCHARGE AIR TEMPERATURE,C
[ TZONE = ROOM AIR TEMPERATURE,C

CHARACTER*20 SHAPE (50)

COMMON /DUCT_S/ MODES, N, SHAPE,W(50) ,H{50},Q(50),L(50),C(50),M
+,POSITION

COMMON /FAN_S/ MODEF,M_TYPE,NUMBER,DF (20}, WF (20),AF{20),NF(20)
+,F(20)},DP{50),P(50),D1,Wl,Al

COMMON /PROP/ ABE(9),ANT{9), PMAX, QMAX

COMMON ICOUNT

REAL L,MASS_FLOW,NF

C.....DISCHARGE AIR CONDITIONS
TCOLD = 12.0

C.....CALCULATE DISCHARGE RIR MASS FLOW RATE, kg/s
MASS FLOW = SENSIBLE/((TZONE-TCOLD}*1000.)
AIR_DENSITY = 101325,/(287.*(273.15+TCOLD)}

C.....CALCULATE DISCHARGE AIR VOLUME FLOW RATE,cfm
FLOW = (MASS FLOW/AIR_DENSITY)*2119,

C.....READ DATAS FROM DATA'S FILE
CALL READ_DAT(}

C.....CHECK MAXIMUM AIR FLOW RATE OF FAN OPERATION
IF (FLOW.GT.CFM_MAX) FLOW = CFM_MAX

C.....CHECK FREQUENCY OF FAN'S PART LOAD OPERATING
PERFLOW = FLOW/CFM_MAX
IF (PERFLOW.GT.0.9) Il=I1+l
IF ({PERFLOW.GT.0.8).AND. (PERFLOW.LE.O
IF ({PERFLOW.GT.0.7).AND. (PERFLOW.LE.O
IF ({PERFLOW,GT.0.6).AND. (PERFLOW.LE.0
IF ((PERFLOW.GT.0.5).AND. (PERFLOW.LE,Q
IF ({PERFLOW,.GT.0.4).AND. (PERFLOW.LE.O

.9)) I2=I2+1
.8}) I3=I3+l
.T}) I4=Id+}
+6)) IS=IS+]1
.5}) IémI6+l
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IF ((PERFLOW.GT.0.).AND. [PERFLOW.LE.0.4)) I7=I7+1
OPEN (789, FILE='FREQ.OUT')
WRITE(789,10) I1,12,I3,14,15,16,17

10 FORMAT(7(2X,Id4))

C.....SET VARIABLES
PMAX = DELTA_P
QMAX = CFM_MAX

AREA_ER = RRER/(0.0002843*CAP_MAX)

C...
C.....DUCT SYSTEM.

..FIND RESISTANCE IN DUCT RUN WHEN SPECIFIED AIR FLOW THROUGH

CALL DUCT {FLOW,RESIST,QMAX, PMAX, AREM_ER)

C.....CONVERT UNIT OF RESIST FROM SI UNIT(Pa} TO ENGLISH UNIT{in WG.)

RESIST = RESIST/997/9.81*100/2.54

C.....FIND FAN SHAFT INPUT POWER FOR OPERATING CONDITION.

CALL FAN({FLOW,RESIST, P3, PSMAX)}

C.....LET EFFM AS FAN MOTOR'S EFFICIENCY

EFFM=0. 90

C...,.CALCULATE FAN ELECTRICAL POWER CONSUMPTION
C.....LET EMAX AS MAXIMUM POWER CONSUMPTION

EMAX = PSMAX/0.9

0

IF {(M _TYPE.EQC.1).0R. (M TYPE.EQ.2}) THEN
ENER = P5/EFFM

EL3E

WRITE(*,*} 'ERROR ON TYPE OF FLOW MODULATOR'

ENDIF

RETURN
END

SUBROUTINE REARD_DAT({)

| THIS SUBROUTINE WILL READ AIR DUCT DATAS FROM INPUT DATA FILE. |

ASSIGN VARIABLES

AF
c

DF

P

F

H

L

M

MODEF
MODES
M_TYPE

N

NF
NUMBER

P
POSITION

Q
SHAPE
w

WF

COONOON0O0OOO00NNO00000NNO00000

FAN HOUSING OUTLET AREA, ft~2

LOCAL LOSS COEFFICIENT

FAN WHEEL DIAMETER, inch

STATIC PRESSURE GAIN, inch H20

VOLUMETRIC FLOWRATE, cfm

HEIGHT OF RECTANGULAR DUCT, inch

LENGTH QF DUCT,m

NUMBER DUCT SECTIONS IN DOWNSTREAM OF FAN
FAN TYPE FOR USER'S SELECTION

DUCT SYSTEM TYPE FOR USER'S SELECTION

TYPE OF AIR FLOW MODULATION'S METHODS
NUMBER DOCT SECTIONS IN UPSTREAM OF FAN

FAN ROTATIONARL SPEED, rpm tr
NUMBER OF DATA POINTS OF USER'S FAN DATA - .
SHAFT INPUT POWER, hp

POSITION OF STATIC PRESSURE SENSOR

AIR FLOW RATE,cfm

SHAPE OF DUCT SECTION

WIDTH OF RECTANGULAR DUCT, inch

FAN TIP WIDTH,inch

CHARACTER*20 SHAPE (50}
COMMON /DUCT_S/ MODES, N, SHAPE, W{50) ,H{50),Q{50),L(50),C(50),M

+, POSITION

COMMON /FAN_S/ MODEF, M_TYPE, NUMBER, DF{20) , WF(20),AF {20} ,NF{20)
+,F{20),DP{50},P(50) .P1,Wl, R

REAL L,NF
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OPEN (100, FILE="VAV.TMP"}
C.....PART I. READ DUCT DATA FROM INPUT FILE
C.....READ MODE OF SYSTEM CHARACTERISTIC CURVE
Civann MODE 1: DEFAULT SYSTEM CURVE
Civnsn MODE 2: USER INPUT DATAS FOR GENERATE SYSTME CURVE

RERD(100,*) MODES
IF (MODES.EQ.2) THEN
READ(100,*) W

DO 100 I=1,N
READ{100, ' {A)') SHAPE(I)
100 READ(100,*) W(I), H(I),Q(I),L(I),C(I)

READ(100,*) M
DO 200 J=N+1,N+M
READ (100, ' (A)'} SHAPE(J)

200 READ(100,*) W{J},H(J),Q{J},L{J},C(I)
REARD (100, *) POSITION
END IF '

C.....PART II. READ FAN DATA FROM INPUT FILE

C.....,RERD MODE OF FAN PERFORMANCE CURVE

Cicuus MODE 1: DEFAULT FAN CURVE

Couves MODE 2: USER INPUT DATAS FOR GENERATE FAN CURVE
RERD(100,*) MODEF
IF (MODEF.E£Q.1) THEM

C....,READ TYPE OF FLOW MODULATCR

Civnns TYPE 1: INLET GUIDE VANES (IGV)
Covenn TYPE 2: VRRIABLE SPEED DRIVE (VSD)
READ{100,*) M_TYPE
ELSE

READ(100,*) NUMBER
DO 300 I=1,NUMBER
300 READ(100,*) DF{I),WF(I),AF(I},NF(I},F{I},DP(I},P(I)
C.....READ USER'S FAN SI2ZFE
READ(100,*) D1,W1,Al
C.....READ TYPE OF FLOW MODULATOR
: . READ (100, *) M_TYPE
END IF
CLOSE (100}

RETURN
END

SUBROUTINE DUCT (FLOW,RESIST, QMAX, PMAX, ARER ER)

PART I

ESTABLISH SYSTEM CHARACTERISTIC CURVE IN VAV SYSTEM
{ DP = C1*Q"2 + C2 )

RSSIGN VARIABLE

C = LOCAL LOSS COEFFICIENT

Cl = COEFFICIENT OF SYSTEM CHARACTERISTIC CURVE
C2 = COEFFICIENT OF SYSTEM CHRRACTERISTIC CURVE
DENS = AIR DENSITY, kg/m"3

Dh = HYDRALIC DIAMETER,mm

DP,RESIST = SYSTEM PRESSURE DROP, Pa

= ROUGHNESS , mm

FRICTION FACTOR

DUCT HEIGTH,in.

DUCT LENGTH,m

NUMBER OF SECTION OF SUPPLY DOUCT

MAJOR LOSS CQEFFICIENT

MINOR LOSS COEFFICIENT

NUMBER OF SECTION OF RETURN DOCT

NUM SEC = TOTAL NUMBERS OF DUCT SECTION

DYNAMIC PRESSURE, Pa

REYNOLDS NUMBER

STATIC PRESSURE SETPOINT, Pa

AIR VELOCITY,m/s

DUCT WIDTH CR DUCT RADIDS, in.

CHARARCTER*20 SHRPE(S0)

COMMON /DUCT_S/ MODES,N,SHAPE,W(50),H(50),Q(50),L(50),C{50),M
+, POSITION

)
m
[N I I B
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COMMON ICOUNT

DIMENSION YI(0:6),X{0:6},Y(0:6)
CHARACTER DMMY*§,CH

REAL L,N_SP

DIMENSION DP(50)

C.....SELECT SYSTEM RESISTANCE CURVE

I¥ (MODES.EQ.1) THEN
IF (ICOUNRT.EQ.0) THEN
C.....MODE 1:DEFAULT SYSTEM RESISTANCE CURVE
C.....ACALCULATE COEFFICIENT(C1,C2) FOR DEFAULT SYSTEM RESISTANCE CURVE
C.....THAT EQUATION FORM AS; DP = C1*Q~2+C2
CALL DUCT_SYSTEM(PMAX, QMAX,C1,C2, ARER_ER)
ICOUNT = 1
END IF
ELSE

CALL DIVIDE()
C.....MODE 2:USER INPUT DATAS FOR ESTABLISHING SYSTEM CURVE
C.....CALCULATE PRESSURE DROP IN EACH DUCT SECTIONS
C.....NUM_SEC AS TOTAL NUMBER OF DUCT SECTION

NUM_BEC = N+M

CALL SECTION{DP,NUM_SEC)

C.....CALCULATE STATIC PRESSURE SETFOINT AT SUPPLY DUCT
MY = "SUPPLY’
CALL GEN_DAT (DMMY, DP, QMAX, SP, N, M, X, ¥}
IF (ICOUNT.EQ.D) THEN

C,....ICOUNT IS USED TO SKIP FOLLOWING QUESTION FOR THE NEXT TIME.

ICOUNT = 1
WRITE(*,*) 'MAXIMUM STATIC FRESSURE SET POINT = ',SP,' Pa'
660 WRITE(*,*) 'DO YOU WANT TO CHANGE THE SET POINT?[Y/N]'

RERD(*,' (A}') CH
IF ({CH.EQ.'Y').OR.(CH.EQ.'y'}} THEN

C.....DETERMINE NEW STATIC PROESSURE SET POINT
: WRITE(*,*) ' NEW STATIC PRESSURE SET POINT IS = °

READ(*,*) N_SP

SP = N_SP

ELSE
IF {{(CH.EQ.'N').OR. (CH.EQ.'n')) GOTO €70
GOTO 660
670 ENDIF
ENDIF

C.....CALCULATE COEFFICIENT{C1,C2) FOR USER SYSTEM RESISTANCE EQUATION
Ceves . THAT EQUATION FORM AS: DP = C1*Q~2+C2

DMMY =*RETURN'
CALL GEN_DAT (DMMY, DP, QMAX, SE, N, M, X, Y}
DO 25 I=0, 6
25 YI(I)=Y{I}+SP
CALL L_SQUARE(C1,C2,X, YI)
PMAX = DP_VAV (QMAX, C1,C2)

ENDIF

C.....CALCULATE SYSTEM RESISTANCE IN DUCT SYSTEM ¢
RESIST = DP_VAV(FLOW,Cl,C2) . V14

RETURN
END

SUBROUTINE FAN{FLOW,RESIST, PS, PSMAX)

PRRT 1I

ESTABLISH FAN PERFORMANCE CURVE IN VAV SYSTEM

Qoo

CHOOSE 1:DEFRULT FAN CURVE (YORK, BI DWDI)



ASSIGN VARIABLES
ANT = COEFFICIENTS OF TOTAL MECHANICAL EFFICIENCY OF

FAN EQUATION
COEFFICIENTS OF EQUATION OF MEAN ANGLE AT WHICH
GRS EXITS FROM FAN WHEEL
C¥M, FA = AJR FLOW RATE,cfm
REM = FAN ROTATIONAL SPEED, rpm
MIN _FLOW = MINIMUM ALLOWABLE RIR FLOW OF FAN,cfm

-

-

ARE

PEAK MAXIMUM AIR FLOW OF FAN,cfm
P_RISE STATIC PRESSURE GAIN, in H20

aoooaoaaoaooo

COMMON /PROP/ ABE (9),ANT (9), PMAX, GMAX

COMMON /FRN_S/ MODEF,M_TYPE, NUMBER, DF (20}, WF(20),AF{20},NF(20)
+,F{20),DP(50),P(50),D1,Wl,Al

COMMON ICOUNT

REARL NF,NT,LOGNT, LOGBETA, LORANGE

DIMENSION CO(50,50),GM(20},RT(100},BETA(100)

DIMERSION LOGNT(100),LOGBETA (100}

C.....CONVERT UNIT OF PMAX FROM SI UNIT(Pa} TO ENGLISH UNIT (in WG.)
PMAX = PMAX/997./9.81*100./2,54

IF (ICOUNT.EQ.1) THEN
IF (MODEF.EQ.1} THEN

C.....FAN'S CHARACTERISTIC OF DEFRULT FAN CURVE
ANT(1l} = ~1.1192
ANT (2) = ~0.5753

ANT (3} = -0.1044
ABE(l) = 4.2306
ABE(2) = 0.1874
ABE{3) = 0.0384

C.....SELECTION OF FAN'S SIZE
C.....CRITERIA : 1. LOW FAN'S POWER CONSUMPTION
Covvns 2., OPERATING POINT I3 OUT OF SURGE REGION,
.DO 100 I=1,3 '
IF (I.EQ.1l) THEHN
Dl = 30.0
Wl =¢§
Al = 9,31
Cevunn CHECK MINIMUM AIRFLOW LIMIT OF LARGE FAN SIZE
IF (QMAX.LT.4%00.) GOTO 100

ELSE IF (I.EQ.2) THEN
Dl = 24.5
Wl = 4,9
Al = 6.21
C.v.+ . CHECK MINIMUM AIRFLOW LIMIT OF MIDDLE FAN SIZE
IF (QMAX.LT.4200.) GOTO 100

ELSE IF (I.EQ.3) THEN
Dl = 18,25
Wl = 3,65
Al = 3.45
C.....CHECK MINIMUM AIRFLOW LIMIT OF SMALL FAN SIZE
END IF

C.....FIND RPM OF FAN SPEED FROM SUBROUTINE [VSD)
CARLL V3D(Di,Wl,Al, QMAX, PMAX, RPM, PS, PSMAX)

C.....FIND MRXIMUM OF RIR FLOW RATE (RANGE} THAT SPECIFIED FAN'S SIZE
C.....CAN BE OPERATING
C.....LET PEAK AS MAXIMUM AIR FLOW RATE OF FAN,CFM
IM=1
200 FR = QMAX+200*IM
CALL ESTABLSH(D1,W1,Al, FR, RPM, P_RISE)
IF (P_RISE.GT.0.25) THEN
IM=IM+1
GOTO 200
END IF
PERK = FR*0.8

C.....DETERMINE FAN'S OPERATING RANGE FOR HIGH FAN MECHANICAL EFFICIENCY
LORANGE w PEAK*(.6
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UPRANGE = PERAK*0.8

IF ({QMAX.GT.LORANGE).AND. (QMAX.LT.UPRANGE)} GOTC 300
100 CONTINUE
300 CONTINUE

ELSE
c CHOOSE 2:FAN CURVE BY USER INPUT DATAS
c
C ASSIGN VARIABLES
C
c BETA =~ MEAN ANGLE AT WHICH GAS EXITS FROM FAN WHEEL, rad.
c EK = KINETIC ENERGY GAIN/UNIT MAESS, ft~-1b-f/lb-m
c EP = POTENTIAL ENERGY GAIN/UNIT HASS, ft=-1b-f/lb-m
c ET = TOTAL ERERGY GAIN PER UNIT MASS OF GAS, ft-lb-£f/1b-m
c GM = ER/ET RATIO :
Cc NT = TOTAL MECHANICAL EFFICIENCY,%
c WSI = SHAFT INPUT POWER, ft-1b-f/lb-m

C.....FIND TOTAL MECHANICAL EFFICIENCY AND MEAN ANGLE AT WHICH GAS
C.....EXITS FROM FAN WHEEL FROM USER'S INPUT FAN DATA SETS
DO 500 I=1,NUMBER
Vv = 13.3

EK = (F{I)/AF{I))**2/231624.
EP » 5,204*V*DP(I)

ET = EP+EK

E£0 =~ (DF(I)*RE(I))**2/1658726,
EB = (F{I)*NE(I)/WF(I})/9650.

GM (1) = EK/ET
WEI = 33000.*(RP(I}*V/F(I)}
NT(I}) = ET/WSI
LOGNT (I} = LOG(NT(I))
BETA(I) = (ATAN(EB/(EQ-WSI)}*180./(22./7.}}
LOGBETA(I) = LOG({ATAN(EB/{EO-WSI})*180./(22./7.})
CO(I,1l) = LOG(GM({I))
. CO{I,2) = LOG(GM(I})**2
500 CONTINUE
K=2
CALL MREGRESS (NUMBER, K, CO, ANT, LOGNT)
CALL MREGRESS (RUMBER, K, CO, ARE, LOGBETA)
ENDIF

ENDIF

C.....METHODS OF FLOW MODULATION CAN BE DIVIDED TC
IF (M_TYPE.EQ.l) THEN
C.....METHOD 1: Inlet Guide Vanes{IGV)
CALL IGV(D1l,Wl,Al, FLOW, PS, PSMAX)
ICOUNT = 2
ELSE IF (H‘TXPE.EQ.ZJ THENR
€.....METHOD 2: Variable Speed Drive(VSD)
CALL VSD(D1,W1,Al,FLOW, RESIST,RPM, PS, PSMAX

ICOUNT = 2 .
ELSE :
WRITE(*,*) 'ERROR ON CHOOSING FLOW MODULATION METHOD'
ENDIF
RETURN
END sy

SUBROUTINE DIVIDE ()

THIS SUBROUTINE WILL DIVIDE PRESSURE DROP IN THE SYSTEM TO
TWO PARTS:

1.CONSTANT PRESSURE DROP ACROSS THE FLOW VARIATOR.

2.PRESSURE DROP IN THE AIR HANDLING UNIT AND THE DUCT

{
|
|
|
|
i
: ,WHICH VARIES BASICALLY AS THE SQUARE OF THE RIR FLOW,

aaoaaaoaaan

CHARRCTER*20 SHAPE(50)
COMMON /DUCT_S/ MODES,N,SHAPE,W(50},H(50),Q(50},L(50},C(50) M
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+, POSITION
Dznznslon L_DUMMY (50)
REAL L,L_ puMMY,L_1,L_2

T_LENGTH = 0
INIT = N+l
IFINL = N+M
DO 100 I=INIT,IFINL
100  T_LENGTH = T_LENGTH+L(I)
IF (POSITION.EQ.1) THEM
GOTG 7000
ELSE
IF (POSITION.EQ.2) THEN
CHECK_POS = 2./3.*T_LENGTH
L_DUMMY (N) ~= 0O,
ICOUNT = 0
DO 200 I=INIT,IFINL
L_DUMMY (I) = L_DUMMY (I~1)+L(I}
ICOUNT = ICOUNT+1
IF (L_DUMMY(I).LT.CHECK_POS)} THEN
GoTo 200
ELSE
L_1 = L_DUMMY(I)-CHECK_FPOS
L_2 = CHECK_POS-L_DUMMY (I-1)

GOTO 300
ENDIF
200 CONTINUE
300 N = N+ICOUNT

M w M-ICOUNT+1

SHAPE (N+M) = SHAFE(N)
Q(N+M) = Q(N)

W(N+M) = W(N)

H{N+M) = H{N)

L({N+M) = L_1
C(N+M) = C{(N}
L(N) = L_2
. C{N} = 0L
_ ELSE
WRITE{*,*} 'OUT OF MODE OF SENSOR LOCATION'
ENDIF
ENDIF
7000 RETURN
END

SUBROUTINE DUCT_SYSTEM(PMAX,QMAX,C1,C2Z, AREA_ER)
C.....THIS SUBROUTINE WILL ESTABLISH SYSTEM CURVE FOR VAV DUCT SYSTEM.
C.....SYSTEM CURVE FORM:
Cosun DP = C1*Q"2 + C2
Ciavun
C.....SELECT PRESURE DROP IN VAV TERMINAL FROM AREA_ER RATIO,
Cocune
C.....CRITERIAS FOR DUCT DESIGN
C..... = RANGE OF AIRFLOW IS BETWEEN 10,000-20,000 CFM
C....o ~ LINEAR SLOT DIFFUSER
C.vss. =~ PRESSURE DROP OF DIFFUSER+VAV TERMINAL AT MAXIMUM AIRFLOW
Civenn ABOUT 125 Pa.
C..e.. = RASPECT RATIC OF DUCT SIZE AS 1:2(H:W)

C.....CLASS 1, HIGH DENSITY LORD
IF {(AREA_ER.GT.10.).AND, (AREA_ER.LE.15.)) THEN
TERMINAL = 275. T

C.....CLASS 2. MEDIUM DENSITY LOAD
ELSE IF {((AREA_ER.GT.15.).AND.{AREA ER.LE.20.)) THEN
TERMINAL = 194,
C.uuee CLASS 3. LOW DENSITY LOAD
ELSE IF (AREA_ER.GT.20.)THEN
TERMINAL = 152.
ENDIF

C.....CALCULATE COEFFICIENT'S SYSTEM CURVE
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Q = QMAX/2119.
CZz = TERMINAL
Cl = (PMAX~C2)/(Q**2)

. RETURMN

100

200

END -

SUBROUTINE SECTION(DP,NUM_SEC)

i i
| THIS SUBROUTINE WILL CALCULATE PRESSURE LOSS IN DUCT SECTIONS. |
1 !

ASSIGN VARIABLES

RREA = CROSS SECTION AREA OF DUCT,m"*2
DENS = RIR DENSITY,kg/m~2

ph = HYDRAULIC DIAMETER,m

DR = DUCT PRESSURE LOSS,FPa

e = ROUGHTNESS, mm

£ = FRICTION FACTOR

MA = MAJOR DUCT LOSS

MI ~ MINOR DUCT LOSS

NUM_SEC ~ NUMBERS OF DUCT SECTION
PV = DYNAMICS PRESSURE, Pa
SHAPE =~ DUCT SHAPE

v = MEAN AIR VELOCITY,m/s

CHARACTER*20 SHAPE(50)

COMMON /DUCT_S/ MODES,M, SHAPE, % (50}, H (50),0(50),L(50),C(50),M
+, POSITION

DIMENSION V(50),DF{50),Dh(50),MR(50},MI({50),PV (50}

REAL L,MA,MI

DATA DENS,e /1.21,0.09/

DO 100 I=1,NUM_SEC
IF {{SHAPE(I).EQ.'R').OR, (SHAPE{I).EQ.'r'}) THEN
RREA = (W(I)*H(I})/144
Dh(I} = HYD({W(I),M(I))
V(I} = (Q(I)/AREA)*0.00508
ELSE
AREA ({22./7 /74 *W{I)**2) /144
Dh{I} = W(I}*25.4
vIiI) {Q(I)/AREAR}*0.00508
ENDIF
CONTINUE
DO 200 I=1,NUM_SEC
f = FACTOR{e,Dh({I},V(I})}
MA({I}) = F*L{I)/{Dh(I})/1000)
MI(I) = C{I)
PV(I}) = O,.S*DENS*V{I)*V (I}
DP(I} = {MA[I}4MI(I))*PV(I}
CONTINUE
RETURN
END

SUBROUTINE GEN_DAT(DHHY,DF,QHAX.SP,N,H,x,Yf B | ) |- - &

1
THIS SUBROUTINE WILL CALCULATE STATICS PRESSURE SETPOINT AND |

{

|

} AND DATAS THAT ARE USED FORE ESTABLISH THE VAV SYSTEM CURVE. |
l

g =-=-~ EQUATION FORM: ' ]
e -> DP = Cl*Q~2+C2 e
DIMENSION X{0:6)},Y{0:6),DP(50)

CHARACTER DMMY™*6

DO 50 I~0,6
FER = {1.-(I/10.})



IF ((DMMY.EQ.'SUPPLY').AND. (PER.EQ.1.}) THEN
IS=N+]1
IE=R+M
SUM=0,
DO 100 J=I8,IE
100 SUM=SUN+DP (J) * {PER*FER)
SP=8UM
FLOW=(QMAX*PER
GOTO 300
ELSE
IS=0
IE=N
SUM=0.
DO 200 J=IS,IE
200 SUN=SUM+DP (J) * (PER*PER)
FLOW=QMAX *PER
Y({I}=5UM
X{I)=FLOW*FLOW/(2119,*2119.)
: ENDIF
50 CONTINUE

300 RETURN
END

SUBROUTINE L SQUARE(C1,CZ,X, Y}

c
c i |
c | THIS SUBRDUTINE WILL FIND VAV SYSTEM EQUATION BY CURVE ]
c } FITTING METHOD OF LEAST SQUARES. [
[o] | |
o

DIMENSION X(0:6),Y(0:6)

SUMX=( .

SUMY=0,

SUMXX=0.

SUMXY=(),

DO 100 I=0,6

SUMN=SUMX+X (I}
- SUMY=SUMY+Y (I)
SUMDIX=SUMXX+X (I} *X{I}
100 SUMKY=SUMXY+X {I}*Y (I}

DET# 7" SUMXX - SUMX * SUMX

C2m= { SUMY* SUMNX-SUMXY*SUMK ] /DET

Cl={"1*SUMXY-SUMX*SUMY) /DET

RETURN

END

SUBROUTINE MREGRESS (N, K, CK, XX, CN}
c
C | |
c | THIS SUBROUTINE WILL BE USED TO FIND OUT COEFFICIENTS OF
c | LINEAR EQUATION BY MULTIPLE LINEARR REGRESSION METHOD. |
C | |
¢

DIMENSION X (100,10),Y(100),CN(100), CK(SO,SO)

DIMENSION A{10,10), B(lO),xx(Q) '
Cocnn. READ NUMBER OF DATA SETS N,

C.....NUMBER OF INDEPENDENT VARIABLES X,
C.....AND DATA OF X(I,K) AND Y(I):
DO 100 I=1,N
DO 200 J=1,K
200 X(I,J)»CK(I,J)
Y(I}=CN(I)
100 CONTINUE
DO 300 IR=1,10
B{IR) = 0.
DO 300 IC=1,10
A{IR,IC) = 0.
300 CONTINUE
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C.....COMPUTE SQUARE MATRIX ON LHS AND VECTOR ON RHS CF SYSTEM
C.....EQUATIONS:
C.....CALL SUBROUTINE FOR SOLVING SYSTEM EQS:
DO 400 I=1,N
DO 500 IR=l,K+1
IF (IR,EQ.1) FR = 1.
IF¥ (IR.GT.1) FR = X{(I,IR-1)
DO 600 IC=~1,K+l
IF (IC.EQ.1) FC = 1.
IF {IC.GT.1) FC = X{I,IC-1)
A(IR,IC} = A{IR,IC)+FR*FC
600 CONTINUE
B(IR) = B(IR}+FR*¥(I)
500 CONTINUE :
400 CONTINUE
KPluK+1l
CALL GAUSS (KF1,A,B,XX)

RETURN
END

SUBROUTINE GAUSS (N,A,B, XX}

THIS SUBROUTINE WILL BE USED TO SOLVE LINEAR EQUATION
SYSTEM BY GAUSS ELIMINATION METHOD. .

[sNsEsReNe Nzl

DIMENSION A(10,10),B(10) ,XX{9)

C.....FORWARD ELIMINATION: PERFORM ACCORDING TO THE ORDER OF 'PRIME'
C.ov. .FROM 1 TO N-1:
DO 100 IP=1,N-1
C.....LOOP OVER EACH EQUATION STARTING FROM THE ONE THAT CORRESPONDS
C.....WITH THE ORDER OF 'PRIME' PLUS ONE:
- DO 200 IE=IP+]1,N

RATIO = RA(IE,IP)/A(IP,IP)
C.....COMPUTE NEW COEFF. OF THE EQ. CONSIDERED:

DO 300 IC=IP+1,N

A(IE,IC) = A(IE,IC)~RATIO*A(IP,IC)

300 CONTINUE
B(IE) = B(IE)-RATIO*B(IP)
200 CONTINOE

C..++.SET COEFF. ON LOWER LEFT PORTION TO ZERO:
DO 400 IE=IP+1,N
A(IE,IP) = 0.
400 CONTINUE
100 CONTINUE
C.....BACK SUBSTITUTION:
C.....COMPUTE SOLUTION QF THE LAST EQUATION:
XX (N} = B(N)/A(N,N)
C.....COMPUTE SOLUTIONS FROM EQUATION N-1 TO 1:
DO S00 IE=N-1,1,-1
SUM = D,
DO 600 IC=IE+l,N
SUM = SUM + A({IE,IC)*“XX(IC)
600 CONTINUE
XX({IE) = (B(IE}-SUM)/A({IE,IE)
500 CONTINUE

RETURN
END

SUBROUTINE ESTABLSH(D,W,A,F,RPM,P_RISE}

THIS SUBROUTINE WILL BE USED TO CALCULATE DATA POINT
ON A FAN CURVE,

|

|

I

| GIVEN DATAS :D{inch) Wiinch) A(inch)
1 V{ft~3/1lb} N({rpm)

|

(s XeNeNeNeRs R RsRe Ryl

ASSIGN VARIABLES



oaoa

OO0 0OOO00O0O000000000

C..

c

EBR = DEFINED AS (F*RPM/W)
EO = DEFINED AS (3.1428°*D*RPM)“2/gcC
RPM = FAN ROTATIONAL SPEED, rpm

COMMON /PROP/ RBE{9),ANT(9), PMAX, QMAX

v = 13.3
EO = (D*RPM)**2/1698726.
EB = (F*REM/W} /9650,
EK = (F/R}**2/231624,
..... ASSUME AN INITIAL GM ,S5AY GMA
GMAR = 0,05178
DO 100 I=1,800
GMAOLD = GMA
BETA = ANGLE (GMA]
WSI = EO-EB/TAN{BETA)
EFF = EFFT{GMA)
ET = WSIEFF
GMA = EK/ET
ERR = ABSY ( (GMA-GMAOLD) /GMAOLD*100]
IF (ERR.LT.0.5) GOTO 200
100 CONTINUE
200 CONTIRUE
P_RISE = (ET-EK)/(5.204*V)
BHP = WSI*F/33000/V*745

RETURN
"END

SUBROUTINE IGV(D,W,A,FLOW,FS, PSMAX}

]
l THIS SUBROUTINE WILL CALCULATE FAN ELECTRICAL POWER WHEN
| USE INLET GUIDE VANES IB FLOW MODULATOR.

I '

ASSIGN VARIABLES

BETA = MEAN ANGLE AT WHICH GAS EXITS FROM FAN WHEEL

EK = KINETIC BENERGY GAIN PER UNIT MRSS OF GAS,ft-1lb-f/lb-m
EP = PRESSURE ENERGY GAIN PER UNIT MARSS OF GAS,ft-1b~f/lb-m
ET = TOTAL ERERGY GAIN PER UNIT MASS OF GAS, ft-lb-f/lb-m
DPG = FAN'S STATIC PRESSURE GAIN,in H20,in H20
F = VOLUMETRIC FLOWRATE, ft"3/min
GM = NORMALIZEDL VARIABLE,DEFINED AS EK/(EK+EP)
N = FAN ROTIONAL SPEED, rpm
NT = TOTAL MECHANICAL EFFICIENCY OF FAN
WSI - = SHAFT INPUT POWER, ft-1lb-f/lb-m
COMMON /PROP/ ABE(9),ANT{9), PMAX, QMAX
REAL N,NT
IF (FLOW.EQ.0.) THEN
P5=0.
GOTO 700
ELSE

««.V AS ARIR DENSITY lb/ft*3 '
+«...CONVERT UNIT OF PRESSURE DROP FROM Pa TO in. wg
Vv = 13,3

DPG = PMAX

F = OMAX

EP = 5,204*V*DPG

EK = (F/R)**2/231624

ET = EP+EK |

GM = EK/ET

NT = EFFT(GM)

BETA = RANGLE (GM)

WSI = ET/NT

Q = D**2/1689726

R = F/(9650*W*TAN (BETA))

N = (R+SQRT{R**2+4*Q*WSI}}/(2*Q)

PSMAX = (F*WSI/(33000*V))*745.
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C.....DETEMINE CORRECTION FACTOR FOR FAN SHAFT POWER WHEN OPERATE WITH
C.....INLET GUIDE VANES.

C.....LET PS AS FAN SHAFT INPUT POWER,watt

Covnna PLR AS PART LOAD RATIO OF AIR FLOW RATE

Civenn PWR AS RATIO OF POWER ON PART LOAD TO POWER ON FULL LOAD

PLR = FLOW/QMAX
PWR =~ 1.7868*PLR**3=2,6639*PLR**2+1,5067*PLR+0.3705

C.....LET P5 A5 FAN SHAFT INPUT POWER,watt
PS = PWR*PSMAX
END IF
700 RETURN
END 3

SUBROUTINE VSD{D,W, R, FLOW, RESIST, RPM, PS, PSMAX)

i

{ THIS SUBROUTINE WILL CALCULATE FAN ELECTRICAL POWER WHEN
| USE VARIABLE SPEED DRIVE IS FLOW MODULATOR.
|

ASSIGN VARIABLES

aonoaaaoonoan

FOR FINDING PSMAX VALUE

COMMON /PROP/ ABE{9),ANT (%), PMAX, QMAX
COMMON ICOUNT
REAL N,NT
DUMMY = 0.
v =13.3
IF (ICOUNT.EQ.1) THEN
DPG = PMAX -
F = QMAX
DUMMY = 1.
GOTO 100
END IF

200 CONTINUE

DPG = RESIST
F = FLOW
100 EP = 5.204*V*DFG

EK = (F/R)**2/231624

ET = EP+EK

GM = EK/ET

NT = EFFT(GM)

BETA = ANGLE (GM)

WSI = ET/NT

Q = D**2/1689726

R = F/(9650*W*TAN(BETA))

N = (R+SQRT(R**2+4‘Q'HSI})/(2'0)

DUMMY = DUMMY-1.

IF (DUMMY.EQ.0.) THEN
PSMAX = (F*WSI/(33000.*V)}*745.
RPM = N CON
GOTO 200 3

END IF

IF (FLOW.EQ.0.) THEN
PS=~0.
GOTO 300

ELSE

C.+...LET PS AS FAN SHAFT INPUT POWER,watt
BS = {F*WSI/(33000.*v))*745,
END IF
300 RETURN
END

DUMMY = A VARIABLE THAT USED TO INDICE THE FIRST CALCULATION
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FUNCTION ANGLE (GM1}
C.....FUNCTION FOR CALCULATING MEAN ANGLE AT WHICH GRS EXITS FROM
C.....FAN WHEEL

COMMON /PROP/ ABE(9),ANT(9), PMAX, QMAX

BETA = BXP(ABE(1)+ABE(2)*LOG(GH1)+ABE(3)'(LOG(GHI))"ZL

ANGLE = BETA*{22./7.)/180. ‘

RETURN

END

FUNCTION DP_VAV{FLOW,C1,C2)
C.....FUNCTION FOR CALCULATING SYSTEM PRESSURE DROP IN A VAV SYSTEM
C.....EQUATICON: DP = C1*Q"24C2 (C2=STATIC PRESSURE SETPOINT)

RATE = FLOW/2119,

DP_VAV = C1*RRTE**2+C2

RETURN

END

FUNCTION EFFT(GM1)}

C.....FUNCTION FOR CALCULATING TOTAL MECHANICAL EFFICIENCY OF FAN
COMMON /PROP/ ABE({9)},ANT(9), PMAX, QMAX
EFFT = EXP (ANT (1) +ANT (2) *LOG (GM1}+ANT (3) * (LOG (GM1) } **2)
RETURN
END

FUNCTION FACTOR({e,DIR,VEL}
Civ...PFUNCTION FOR CALCULATING FRICTION FACTOR
C.....A SIMPLIFIED FORMULA DEVELOPED BY ALTSHUL(1975}

Re = REYNOLDS (DIA,VEL)

FX = 0.11*{e/DIR + 68/Re}**0.25

IF ((FX.GT.0.018),0R. (FX.EQ.0.018)}) THEN

FACTORmFEX
ELSE
FRCTOR=0.85*FX+0.0028

ENDIF

RETURN

END

FUNCTION HYD(WIDTH,HEIGTH)
C.....FUNCTION FOR CALCULATING HYDRALIC DIAMETER(Dh) OF RECTANGULAR DUCT
a = WIDTH*2.54/100
b = HEIGTH*2.54/100
FERIMETER = (2=a+2*b}
AREA = {a*b}
HYD = {*ARER/PERIMETER*1000
RETURN
ERD

FUNCTION REYNOLDS{DIA,VEL}
C.....FUNCTION FOR CALCULATING REYNOLDS NUMBER
C.....FOR STANDARD RIR

REYNOLDS = 66.4*DIA*VEL

RETURN

END
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Input File @ w¥uAtuaniAn Heat Extraction rate 9e4ltjsunsu BLN-ESPI

< Building's geometry data file
Project : Siam Cement Co,.Ltd
Date :+ Jan 1 - Dec 31
Comment : This input file is used as an example in thesis,

named A Study on energy saving of the Variable Air Volume
system in office buildings
>
< Input Mode of computation (1,2,3)
l:for computation on a day
2:for computatien on a period
3:for computation in whole a year
>
3
< Exterior wall construction:
Number of WALL

cpl Cp2 cp3 Cpd +..CpB
Kl K2 K3 K4 ...K8
Densityl Density2 Density3 Densityd ...Density8
Thicknessl Thickness2 Thickness3 Thickness4 ...Thicknesss
Absorbesitivity
Cpl Cp2 cp3 Cp4 «..Cp8
K1 K2 K3 K4 ...K8
Denaityl Density2 Density3 Densityd ...Density8
Thicknessl Thickness2 Thickness3 Thicknessd ...Thickneaa$
" hbsorbsitivity
{Note: Layers of material are arranged from outside to inside)
>
2

879. -840 879. 000.0 000.0 00O,
0.721 1.731 0.721 000.0 000.0 O0O0O.
1858, 2243 1858. 000.0 000.0 00O.
0.01 0.1 0,01 000.0 000.0 000.
0.90
879, 840 879. 000.0 000.0 000.0 0O00.0 000.0
0.721 1.731 0.721 000.0 000.0 000.0 ©00.0 000.0
1858, 2243 1852. 000.0 000.0 000.0 000.0 000.0
0.01 0.2 0,01 000.0 000.0 000.0 0©000.0 000.0
0.90
< Window construction:

Number of window

000.0 000.0
000,.0 000.0
000.0 000.0
000.0 000.0

(=Nl -]

cpl Cp2 Cp3 cp4d ...Cp8

K1l K2 K3 K4 ... KB
Densityl Density?2 Density3 Densityd ..Densitys
Thicknessl Thickness2 Thickness3 Thicknessd .. Thickness8
Shadding Factor Absorbsitivity

cpl cp2 Ccp3 Cpd «..CpB

Kl K2 K3 K4 ... KB
Densityl Density2 Density3 Densityd +..Density8

Thicknessl Thickness2 Thickness3 Thicknessd ...Thicknesss
Shadding_Factor Absorbsitivity

(Note: Layers of mate;ial are arranged f.om outside to inside)

>
1
0.0 0.0 0.0 0.0
9.17 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.6 0.0
< Partitlon construction:
Number of Partition
Cpl cp2
K1l - K2
Densityl Density2

Thicknessl Thickness2
Absorbsitivity

ocooo
[=NaNaNo)
OO0
=N =Rk~

Cp2

K3
Density3
Thicknesas3

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
cp4 »«.Cp8B
K4 .+ .K8
Density4 ...DensityB

... Thicknes«s

Thicknessd
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AS
B5

Ad
B4

A3
B3

(Note: Layers of materlal are arranged from outside to inside)
Number of Schedule

A2

B2

Absorbasitivity

Bl

< List of Schedule library:
Al

1090
0.415
1249
0.01
0.90

>
1

1.43E5

0.0

0.0

3ES 1,43E5 1,43ES 1.43E5
0.0

0.0

0.0

0.0
3E5 1.4
.0

(=30 =]

25.0
25.0
25.0

25.0
25,0
25.0

25.0
25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0

25.0
25.0
25.0

, CWw(=}}):

< Orentation of the building
{in degree refer to North (gw(+)}

>

210.0

< Number of Zone

Name of Zone 1 (20 character limitation)



Name of Zone 2
Name of Zone 3
>
2
Uncondition Zone
Office Zone

< Zone 1 .
Thermo properties of zone @
V_solarl V_solar2 V_solard
V conductionl V_conduction2 V_conduction3
v_1ightingl V lighting2 V_lighting3
wl wi
KT(14.082) perimeter
Gl . G2 G3 Pl P2
Floox area

Constat_room_temp
Throttling_range

>

0.157 -0.147 0.0

0.681 -0.631 0.0

0.45 -0.40 0.0 =-0.95
14,08 74.€

10.28 ~10.73 0.45 1.0
251.2

28.0 1.0

< Number of_ schedule

0.0

-0.87

Starting_day Starting month Endding_day Endding _month

Sch_No._of sun Sch_No. of mon ...
Sch_No, of_sun Sch_No. of mon ...
Sch_No._ of_sun Sch_No._of mon ...

S5ch_No._of_sat Sch_No._of_hol (ER max)
Sch_No._of_sat Sch_No._of_ hol(ER min)
Sch_No._of sat Sch_No. of hol{thermostat)

Starting_day Starting month Endding day Endding month

Sch_No._of_sun 5Sch_No. of mon ...
Sch_No._of_sun Sch_dNo._of mon ...
Sch_No._of sun 5ch_No._of mon ...

Sch_No._of_sat Sch_No._of_hol (ER max)
Sch_No. of sat Sch_No._of hol (ER min)
Sch_No. of_sat Sch_No._of hol (thermostat)

>
1
1013112 22222222
22222222
3333331323
< Number of wall {in this zone)
Azimuth of wall_l

Wall ref No. Area
Co-orinate X

Co-ordinate ¥

Tilt of wall 1

Co-ordinate 2 Width Height

Wall type {lwexternal wall 2=unsunlit wal}) 3=partition)
Adjacent room (in case of wall type=3, or else Adjacent room=0)
Number of window (on this wall)

Azimuth of window_l

Window ref No.

Co=-ordinate X
Height

Fin offtset to win

Fin prolong

Fin flange

Recess of window

Azimuth of window_2

Window ref No.

Co-ordinate X
Height

Fin offtset to win

Fin proloeng

*Fin flange

Recess of window

Tilt of window_ 1l
Area :
Co-ordinate Y Co-ordinate Z Width
Overhang offset to win

Overhang prolong

Overhang flange

Tilt of window 2
Area
Co-ordinate Y

Co=ordinat. 2 Width

[ + N

'Ovefhang offset to win

Overhang prolong
Overhang flange

Azimuth of wall 2 Tilt of wall_2

Wall ref No. Area

.

000. 080.

91



2 21.24

00.0 00.0 24.4 7.2 2.85
1

[

[

0%0. 0090.

1 120,36

7.2 00.0 24.4 40.8 2.95
3

2

0

180, 090.

2 21.24

7.2 30.6 24,4 7.2 2.95
1

0

0

270, 08%0.

2 120.36

0.0 30.6 24.4 40.8 2.95
1

8]

0

< Number of pecple Sensible factor Radiation factor

Number of Schedule

Sch_No._of sun Sch_No. of men ,.. Sch_No._of sat Sch_No.

>

12 065. (.33 055, 1

101 3112 24444452

< Max kilowatt of lighting Radiaton facter
Number of schedule

> .

0.6 0.5 1

101 3112 26666672

< Max cubic meter per second of ventilation
Number of schedule

Sch_No. of_mun Sch_Nec. of mon ... Sch_No. of sat Sch_No.

Latent factor

_of hol

_of hol

Sch_No._of_sun Sch _No. of mon ... Sch _No._of sat Sch_No._of_hol

>

0.0 1

101 3112 22222222

< Max cubicmeter pre second of infiltratiocon
Number of schedule

>
0.0 1

101 312 211 11 11 11 1% 11 2

< Sensible watt of appliances Radiation factor

Latent watt of appliances
Number of schedule

Sch_No._of sun - Sch No. of mon ... Sch_No. of sat Sch_No.

>
00.0 0.33 000, 1
101 3112 288888292
< Zone 2
Thermo properties of zone :

V_soclarl V_solar2 V_solard
V_conductionl V_conduction2 V_conduction3
V_lightingl V_lighting2 V_lighting3

wl w2

KT perimeter

Gl G2 G3 Pl

Floor_area
Constat_room_temp
Throttling range

>

0.197 =0.147 0.0

0.681 -0.631 0.0

0.45 -¢.40 0.0 -0.95 0.0
32.0 120.6 '

Sch_Mo. of sun Sch_No. of mon ... Sch_No._of_sat Sch_No._of_hol

_of hol

b2
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1
9
2
<

93

0.28 -10.73 0.45 1.0 -0.87
08.8
5.0 1.0

Number of schedule

starting _day Starting_month Endding day Endding_month

Sch_No._of_eun Sch_ Wo. Lof mon ... Bch No._of_wsat Sch _No._of_hol (ER max)
sch No, of sun Sch No. of mon ... Sch | _No. of _sat Sch No. o£ hol{ER min)
seh_No._of_uun Sch_ﬂo._pf_mon e 5ch No. of sat Sch No. o!_hol(thermostat)

Starting_day Starting_month Endding_day Endding_month

Sch_No._of _sun  Sch_No-_of_monp ... Sch_No._of_sat Sch_Ro._of_hol (ER max)
seh_No._ot_aun Sch_No. of_mon ... sch_No._of_sat Sch_ _No,_of _hol (ER min)
Sch_No._of_sun Sch_No._of mon ... Sch_ _No. of sat Sch No. o! hol(thermcstat)

01 311221111112
22222222
23333323232

Number of wall {(in this zone)

Azimuth of wal) 1 Tilt of wall 1

Wall ref Ro. Area
Co~orinate X Co-ordinate Y Co-ordinate Z Width Height
Wall type (l=external wall 2=~unsunlit wall 3=partition)
Rdjacent room {in case of wall type=3, or else Adjacent room=0}
Number of window {on this wall}
Azimoth of window_1 Tilt of window_1l

Window ref No. Area

Co-ordinate X Co-ordinate ¥ Co-ordinate 2 wWidth
Height y

Fin offtset to win Overhang offset to win

Fin prolong Overhang prolong

Fin flange Overhang flange

Recess of window

Azimuth of window 2  Tilt of window_2

Window ref No. Area

,Co=ordinate X Co-ordinate Y . Co-ordinate 2 width
Height

Fin offtset to win Overhang offset to win

Fin prolong Overhang prolong

Fin flange Overhang flange

Recess of window

Azimuth of wall 2 Tilt of wall 2

Wall ref No, Area
>
4
000. 90,
1 87.6
7.2 0.0 24.4. 29,7 2,95
1 .
0
1
1 53.4
7.2 0.0 25.4 29,7 1.8
0.0 0.2 0.0 1.2 9.0 0.0 0.0
90. 90.
1 $0.3
36.9 0.0 24.4 30.6 2.95 )
1
0
1
1 55.08
36.9 0.0 25.4  30.6 1.8
0.0 0.2 0.0 1.2 0.0 0.0 0.0
180, 90,
1 87.6
36.9  30.5 24,4 29.7 2,95

-



53.4

6.9 30.6 25.4 25.7 1.8

0 0.2 0.0 1.2 0.0 0.0 0.0
S0,
20.3

.
N

30.6 24.4 30.86 2,88

94
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o

< Number of pecple Sensible factor Radiation factor Latent factor
Number of Schadule
8ch_No. of_sun Sch_No._of mon ... Sch No, of sat Sch_No._of hol
>
160 065, 0.33 055. 1
101 3112 24444452
< Max kilowatt of lighting Radiaton factoer
Number of schedule
Sch_Wo._of_sun. SCh_No._of _mon ... Sch_No. of sat Sch_No._of_hol
>
3.45 0.23 1
101 3112 2666¢€672
< Max cubic meter psr second of wventilation(l.41l)
Number of schedule
Sch_No. of sun Sch No, of mon ... Sch_No. of sat Sch_No._of hol

>
0.38 1
101 3112 2 10 10 10 10 10 10 2
< Max cublicmeter per second of infilltration
Number of schedule
Sch_No. of sun 8ch_No. of mon ... Sch_No, of sat Sch_Wo._of_hol
>
0.56 1
101 3112 211 11 11 11 11 11 2
< Sensible watt of appliances
Latent watt of appliances
Number of schedule
Sch_No._of sun Sch _No. of mon ... Sch_No._of sat Sch_No._of_hol

Radiation factor

>
41600 0,33 000. 1
101 3112 28888892
< Zone 3
Thermo properties of zone :

V_solarl V_solar2 V_solar3l

V_conductionl  V_conduction2 V_conduction3

_V_lightingl V_1lighting2 V_lighting3

wl w2

KT perimeter

Gl G2 G3 Pl P2
Floor_area

Constat_room temp
Throttling_ range
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Input File AwfuAwamuminslindanuliiisngqunsainossdulussunfnaseinia

wiztfs sealisuns VAV-CAL

< SYSTEM & FLANT DATA FILE
Project : Siam Cement Building
Input by : Mr. Charnnarong Assavatesanuphap
Date : January 1 - December 31 1998
Comment

N .
< Input list of library schedule :
NUMBER OF SCHEDULE ({specified in this file)
HOURL HOUR2 HOUR3 ... HOUR24 {schedule No.1)
HOURL HOURZ HOUR) ... HOUR24 {schedule No.2)

>

5

t.01.01.01l.01,01.0 1,0 .0 1.0 1.01.01.01.,012,01.01,012.01.01.01.,01.0 1,0 1.0 1.0
0.0 0.0 0.0 0.0 0.0 0,0 1.0 1.0 1.01.0 1,0 1,0 1.0 1,0 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0 0.0 0.0
0.0 0.0 0.0 9,0 0.0 0,0 1.01,0 1.0 1,0 1.0 1.0 1.0 1.0 1.0 1,0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0,0 0,0 0.0 0.0 1.0 1.0 1.01,0 1,0 1.0 1.0 2.0 2.0 Q.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
< NUMBER_OF SYSTEM

< Input details of systems :
TYPE_OF_ SYSTEM
MAX CAPACITY (watt) MAX_CFM PRESSURE_DROP_OF_AIRFLOW_IN_SYSTEM(Pa)
NUMBER_SCHDULE
STARTING_DAY STARTING MONTH ENDDING_DAY ENDDING_MONTH SCHED_OF_SUN
SCHED_OF_MON ... SCHED_OF HOL

NUMBER_OF_SERVED_ZONE
SERVED_ZONE_NUMBER

.

'l'it'i'l*tittl’itl’ti’ti*“*t.l’l’il".'i'*I*ttil’il’i.""*t't*'l’l R ERER AT R AW

. FORMAT OF COMMENTS AND INPUT FOR VAV SYSTEM: *
it'l'ti‘***‘i**iii.**i*'*ﬁ**iiil'*‘*“ﬁ*t**iiii!‘l‘i*l‘**tii.i-‘*.*f.*l‘itiﬁiii‘
SYSTEM INPUT DATA FILE FOR CRLCULATING ELECTRICAL POWER CONSUMPTION
OF VARIABLE AIR VOLUME SYSTEM THAT USE ADJUSTABLE INLET GUIDE VANFS

OR VARIABLE SPEED DRIVE IS AIR FLOW MODULATOR.

System Characteristic Curve:

- - - R Sy gy — - - — L4

System Resistance Curve of Variable Air Volume {VAV)

-2 P = Cl*Q~2 + C2

-—--—---—---——--—-——--.--a--——-—-—-—--.-n--—---—.—_-_—--—u--—---—*

-

| H
! |
| can be written in form; [
{ t
! |
-

Input MODE of System Characteristic Curve [1,2]
Choose 1: Default System Curve
Choose 2: User input datas for establishing system curve

Input POSITION of Static pressure sensor in supply duct line [1.,2]



Choose 1: Start point of supply duct line
Choose 2: 2/3 of supply duct line

format:
MODE: [1, 2]
[below input datas for MODE 2 only]

Number of Duct section in longest run of return duct

Typel Widthl Heigthl Flow_ratel Lengthl Minor_loss_coeffl
Type2 Width2 Heigth2 Flow rate5 Length2 Minor_ loss_coeflf2
Typed Widthd Heigthd Flow rated Length3 Minor_loss coeff3

. - .

Number of Duct section' in longest run of supply duct

Typel Widthl Heigthl Flow ratel Lengthl HMinor_loss_coeffl
Typel Width2 Heigth? Flow_rate$ LengthZ Minor_loas_coeff2
Type3d  Width) Heigth3 Flow_ratel Length3 Mineor_ loss coeff3d

NOTE: supply duct sections are arranged from FAN to OUTLET
return duct sections are arranged from FAN to INLET
Rectangular Duct type assign asz 'R’
Circular Duct type assign as 'C’
POSITION: [1,2)
Fan Characteriatic Curve:

Input MODE of Fan Performance Curve
Choose 1 : Default fan curve
Choose 2 : User input datas for establish fan curve

Input METHOD of Flow Modulation
Choose 1 : Adjustable ipnlet quide vanes{IGV)
Choose 2 : Variable speed drive(VSD)
format:
MCODE: [1, 2]

[below input datas for MODE 2 only]

Number of fan's data points {in case of MODE=2}
pl w1l Al N1l Fl DPl Pl

D2 w2 A2 N2 " F2 DP2 P2

pn Wn An Nn n DPFn én

D,sel W,sel A, sel (5el = Selected size)

{(at leaat 3 data points}

note: D = Fan wheel dia,in, F = Volumetric flowrate,cfm
W = Fan tip width, in, Dp = Static >r :ssure gain,in.WG
A = Diacharge area,ft~2 P = Shaft input power, hp
N = Fan rotational speed, rpm

METHOD: (1,2]
>

VAV

143000,0 10480. 994

1

01 01 311253333345

‘R 100 45 10480 O 44



'R' 64 15 10480 2.5 1.22

'R’ 40 19 6966 5.2 c1.21

'R’ 34 12 3492 8.8 1.86

'R* 26 10 2329 & 0.30

'R’ 18 10 1163 10.7 1.32

'R’ 14 8 s8¢ 2.4 1.87

6

‘R' 40 16 10480 2.4 0.12

*R! 24 12 4075 15.6 0.94

‘R' 19 12 2912 8.4 0.08

'R* 15 12 1746 8.9 0.19

c g 0 S80 3.9 0.38

‘c! 8 ¢ 580 c.0 10.27

1

2

8

22,25 17 $.12 1199 8400 2.5 4.98
22,25 17 S.12 1347 11200 2.5 7.35
22,25 7 5.12 1305 9000 3 6,37
22.2% 7 s.12 1471 12200 3 9.6
22.25 7 5.12 1336 7800 3.5 6.46
22,25 1 5.12 1481 11200 3.5 9.57
22,25 7 5.12 1431 8400 4 7.95
22.25 7 5.12 1544 11200 4 10.74
22.25 7 5.12

1

<
NUMBER_OF _PLANT
NAME_OF PLANT_1
NAME_OF_PLANT_2

>
1
CHILLER PLANT

< Input details of plant :
TYPE_OF_PLANT
MAX_CAPACITY
NUMBER _SCHDULE
STARTING_DAY  STARTING MONTH  ENDDING_ DAY
SCHED_OF_MON ... SCHED_OF HOL : P

-

NUMBER_OF_SERVED_SYSTEM
SERVED_SYSTEM_NUMBER

> .

WATER COOLED CHILLER
6540000.00

1

0101 311211111111
1

1

ENDDING_MONTH

SCHED_OF_SOUN

97
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AT A 1 usAHANIIAIAIRaNdEeN VAY terminal u 3UN 22 n3nfnAN 2540

1aY 133 nuaNiEiv T4 VAV terminat (cfm)
1 2 3 4 5 6 7 8 9 | 10| 11 | 2{-13 | 14| 15| 16 17 | 18

700 1753 | 710 | 570 | 810 | 300 | 500 | 700 | 220 | 273 | 328 | 262 | 794 | 701 | 659 { 803 | 791 | 685 620
800 1 758 | 706 | 588 | 801 | 202 | 505 | 701 | 218 | 275 | 341 | 271 | 802 | 714 | 650 | 812 | 816 | 687 634
900 | 631 1 750 | 573 | 16 | 304 | 607 | 714 | 212 | 276 | 342 | 270 | 809 | 678 | 668 { 812 | 798 | 698 | 534
000 | c63 | 785 | 570 | 806 | 304 | 615 | 732 | 219 | 279 | 347 | 252 | 770 | 630 | 675 | 798 } 773 | 635 381
1100 1 477 | 700 | 598 | 813 | 300 | 618 | 753 { 222 | 282 | 345 | 278 | 598 | 802 | 693 | 797 | 642 | 694 232
1200 | a0 | 547 | 592 | 820 | 282 | 615 | 748 | 222 | 270 | 355 | 280 | 748 | 649 | 680 | 750 | 683 } 72 382
1300 | 516 | 648 | 598 | 798 | 203 | 618 | 682 | 222 | 282 [ 369 | 308 { 530 | 547 | 511 | 637 | 640 | 528 306
100 | 477 | 648 | 580 | 800 | 302 | 631 | 674 | 219 | 266 | 350 | 317 | 705 | 672 | 605 | 701 | 615 | 592 334
1500 | 456 | 682 | 592 | 820 | 308 | 619 | 594 | 218 | 276 | 346 | 278 | 716 | 586 | 620 | 715 | 582 | 608 345
1600 | 527 | 630 | 600 | 794 | 202 | 507 | 597 | 212 | 283 | 341 | 297 | 675 | 544 | 608 | 712 602 | 618 | 311
1700 | 521 | 640 | 505 | 763 | 300 | 606 | 573 ) 212 | 291 | 353 {292 | €85 | 565 | 504 | 723 | 631 618 | 332

66
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AT A, 2 uARIAN1IATATRaNAE BN VAV ferminal ©u JuN 23 nINgIAN 2540

;0 1FH0UANIEY 04 VAV terminal (cfm)
1 2 3 4 5 6 7 8 o | 10 ] 11| 121131415 ]| 16| 17 | 18
700 | 565 | 662 | 642 | 830 | 321 | 650 | 792 | 248 | 295 | 356 | 330 | 680 | 592 | 645 | 750 | €32 | 714 | 380
600 | 528 | 652 | 604 | 804 | 209 | 643 | 775 | 222 | 284 | 345 | 305 | 668 | 574 | 633 | 708 | 616 § 707 | 360
900 | 532 | 582 | s98 | 787 | 302 | 630 | 572 | 222 | 283 | 326 | 288 | 717 | 576 | 635 | 722 | 624 | 60G | 268
1000 | 508 | 615 | 580 | 822 | 285 | 615 | 632 | 219 | 284 | 336 | 293 | 604 [ 652 } 615 | 722 | 578 | 621 | 305
1100 | 436 | 618 | 580 | 819 | 201 | 635 | 660 | 222 § 278 | 341 | 205 | 593 | 768 | 615 | 736 | 577 | 607 | 277
1200 | 432 | 638 | 610 | 807 | 311 | 595 | 643 | 222 | 284 | 352 | 267 | 638 | 549 | 540 | 685 | 526 [ 606 | 292
1300 | 427 | 555 | 601 | 514 | 319 | s92 | 595 | 0 | 356 | 448 | 345 | 618 [ 618 | 418 | 605 | 496 [ 469 273
1200 | 502 | 641 | 608.| 655 | 204 | 578 | 636 | 115 | 314 | 382 | 285 | 639 | 645 | 565 | 673 | 589 | 632 | 34
1500 | 285 | 652 | 602 | 643 | 200 | 572 | 619 | o [ 345 | 420 | 335 | 551 | 780 | 566 | 698 | 592 | 602 300
1600 | 461 | 625 | 638 | 555 | 312 | 498 | 515 | 88 | 347 | 426 | 336 | 565 | 766 | 536 | 743 | 545 | 565 | 188
1700 | 502 | 560 | 615 | 511 | 315 | 375 | 533 | 235 | 298 | 366 |292 | 565 | 728 | 497 | 681 | 516 | 518 | 148

001
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A5 A, 3 uAPIHANIATIATARNAEER VAV terminal o1 Fult 24 NINgIAN 2540

A" 13 tuaziEu (U VAV terminal (cfm)
1 2 3 4 5 6 7 8 9 | 10| 11 {12113 14| 15|16 |17 ]| 18

700 | 481 | 530 | 622 | 808 | 205 | 630 | 660 | 224 | 284 { 353 [ 300 | 658 | 572 | 558 | 696 | 613 | 670 | 284
800 | 476 | 572 [ 624 | sos | 313 | 593 | 542 | 231 | 292 | 349 { 308 | 582 | 685 | 565 | 636 | 542 | 599 | 275
000 | 332 | 667 | 603 | 809 | 299 | 655 | 628 | 222 | 284 | 360 | 301 | 585 | 770 | 502 | 693 | 622 | 616 | 388
1000 | 345 | 843 | 603 | 745 | 301 { 635 | 657 | 222 | 279 | 343 | 299 | 582 | 742 | 575 | 692 | 542 | 608 | 367
1100 | 378 | 616 | 605 | 669 | 301 | 632 | 600 | 185 | 308 | 394 | 313 | 692 | 717 | 528 | 708 | 537 | 622 | 324
1200 | 432 [ 602 | 628 | 609 | 304 | 631 | 595 | 67 | 341 | 435 | 338 | 726 | 622 | 468 | 638 | 539 | 579 | 306
1200 | 353 | 515 | 635 | 488 | 332 | 2448 | 488 | 0 | 362 | 456 | 364 | 646 | 486 | 345 | 612 | 415 | 437 | 165
1400 |-413 [ 608 | 616 | 585 | 203 | 498 | 688 | 75 | 334 | 415 | 311 | 560 | 554 ) 519 | 630 | 512 | 580 | 226
1500 | 418 | 568 | 603 | 560 | 306 { 504 | 522 | 0 | 353 | 445 | 345 | 545 | 682 | 531 | 645 | 538 | 581 | 313
1600 | 458 | 565 | 628 | 562 | 316 | 450 | 469 | 130 } 316 | 398 | 302 | 552 | 663 | 507 | 682 | 465 | 539 | 315
1700 | 670 | 447 | s85 | 720 | 306 | 488 [ 500 | o} 351 | 416 [ 301 | 759 | 737 | 625 | 754 | 464 | 557 | 436

Lol
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A199N A. 4 wananRTainaNdIsnen VAV terminal tu 3uW 25 NINgIAN 2540

1987 1550 0Nt T VAV terminal (cfm)

1 2 3 4 5 6 7 8 9 | 10| 11 ] 12| 13| 14| 15| 16} 17| 18
700 | 518 | 576 | 659 | 845 | 232 | 667 | 697 | 261 | 321 | 200 | 337 | eos | eoo [ 505 | 733 | es0 | 707 | 321
800 | 498 | 585 | 588 | 812 | 300 | 623 | 659 | 231 | 289 | 345 | 310 | 678 | 607 | 574 [ 596 | 597 | 661 | 425
000 | 765 | s08 | 587 | 803 | 306 | 624 | 623 | 222 | 282 | 349 | 289 | 652 | 635 | 587 | 567 | 608 | 624 | 399
1000 | 818 | s26 | 607 | 819 | 301 | 615 | 655 | 219 | 276 | 341 | 295 | 645 | 635 | 646 | 700 | 586 | 662 | 473
1100 | 723 | 505 | 624 | 707 | 299 | 622 | 607 | 222 | 284 | 348 | 295 | 666 | 537 | 567 | 640 | 615 | 646 | 405
1200 1 730 | 554 | 615 | 534 | 204 | 578 | 550 | 261 | 285 | 350 | 301 | 710 | 685 | 449 | 656 | 505 | 596 } 347
1300 | 453 | 577 | 568 | 405 | 321 | 448 | 475 | o | 358 | 450 | 351 | 520 | 500 | 421 | 532 | 447 | 438 | 307
1400 | 681 | 555 | 598 | 602 | 300 | 604 | 615 | 93 | 334 § 393 | 303 | 665 | 609 | 522 | 632 | 562 | 596 | 363
1500 | 612 | 601 | 601 | 564 | 208 | 561 | 534 | 98 | 342 | 437 | 350 | 659 | 575 | 548 | ‘645 | 534 | 608 | 362
1600 | 506 | 530 | s97.| 778 | 285 | 582 | 561 | 1 | 341 | 421 | 326 | 649 | 574 | 507 675 | 561 | 586 | 332
1700 | 508 | 542 | 605 | 631 | 306 | 665 | 536 | 92| 353 | 447 324 | 646 | 584 § 520 | 646 | 555 ) 569 | 388

2ol



ar ] - A -
mruﬁ A. 5 UAMNAMIATIAIRANAIAER VAV terminal 6 Fuh 20 unran 2541

v L]

153U 1 VAV teminal (cfm)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 | 17 18

7.00 156 | 450 | 606 | 813 | 294 { 632 ( 760 { 201 | 292 | 356 | 282 } 792 | 589 | 668 | 808 | 816 | 777 0
8.00 163 { 495 | 566 | 6556 | 284 { 367 | 532 ] 231 ] 293 | 368 | 314 | 459 | 636 | 480 | 621 | 585 | 542 | 628
9.00 162 | 365 | 468 | 698 | 298 | 307 | 689 | 241 | 300 | 371 |} 310 563 | 385-) 458 | 609 | 528 | 568 | 640
10,00 153 | 418 | 467 | 631 ] 305 | 301 | 526 0 372 | 465 | 365 | 496 | 698 | 420 | 606 | 485 | 519 | 652
r—_‘-1‘1 00 150 [ 445 | 486 | 642 | 304 271 } 505 0 364 | 452 | 337 | 492 | 696 | 452 | 635 | 492 | 515 | 636
12.00 150 | 418 | 506 | 460 | 321 | 325 [ 445 0 366 | 456 | 365 | 462 | 617 | 392 § 562 | 529 | 515 | 675
13.00 146 | 419 | 435 | 351 | 314 | 287 | 401 0 372 | 462 | 353 | 399 | 584 | 268 | 542 | 312 | 417 | 656
14.00 135 | 432 | 449 | 558 | 298 | 283 | 557 0 347 | 426 | 328 | 426 | 638 | 342 | 485 | 401 | 444 | 614
15.00 133 | 386 | 418 | 571 ] 301 | 253 | 404 0O (350 | 437 | 335°'| 490 | 735 | 409 { 597 | 502 | 497 } 615
16.00 143 | 427 | 464 | 585 | 293 1 284 | 495 V] 355 | 451 | 334 | 478 ) 755 | 381 | 566 | 452 | 465 | 623
17.00 135 | 442 | 482 | 551 | 205 | 335 [ 395 | 202 | 304 | 371 | 204 ]| 495 | 722 | 478 | 653 | S33 | 590 ] 630

£ok
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MTHN A. 6 UARIHANITATIFIRANAISEN VAV terminal 1 Ui 21 unsAN 2541

261 Furnuasiniu 62 VAV terminal (cfin)
1 2 3 4 5 6 7 r 9 | 10| 11| 12)] 13|14 15]16] 17 | 18

700 | 135 | 4509 | 583 | 803 | 253 | 593 | 724 | 206 | 290 | 320 | 267 | 679 | 546 | 644 | 815 | 810 | 678 | 623
800 | 162 | 345 | 456 | 358 | 301 | 233 | 774 | 0 | 388 | 481 | 382 | 473 | 565 | 363 | 503 { 411 | 472 | 671
| 900 | 150 | 389 | 414 | 565 | 310 | 231 | 568 | 0 | 966 | 456 | 345 | 482 | 596 | 325 | 610 | 355 | 432 | 6%
1000 | 145 | 370 | 482 | 556 [ 300 [ 268 | 530 [ 0 | 356 | 440 | 329 | 492 [ 603 | 354 | 579 | 421 | 455 | 629
11.00 | 137 | 458 | 555 | 424 | 306 | 278 | 428 | o0 | 366 | 458 | 343 | 513 | 655 | 275 | 572 | 421 | 450 | 644
1200 | 135 | 407 | 469 | 335 | 306 | 281 [ 420 | O | 366 | 465 | 356 | 490 [ 648 | 195 | 548 | 495 | 428 | es52
13.00 | 121 | 401 | 420 | 260 | 248 | 260 | 371 | 0 | 352 [ 453 | 313 | 422 | 575 | 132 | 480 | 352 | 380 | 560
1400 | 143 | 427 | 485 | 562 | 306 | 283 | 377 | 0 | 351 | 448 | 345 | 550 | 718 | 348 | 534 | 518 | 488 | 635
1500 | 135 | 454 | 434 | 562 | 318 | 285 [ 395 | 0 | 355 | 455 | 342 | 550 | 787 | 402 | 568 | 442 | 491 | 639
1600 | 134 | 412 | 480 [ 470 | 312 | 272 | 401 | 0 | 357 | 442 | 341 | 488 | 754 | 442 | 632 | 515 | 499 | 628
17.00 | 135 [ 482 | 566 { 456 | 207 | 308 | 492 | 2367|204 | 362 | 278 | 602 | 702 | 495 | 713 | 586 { 632 | 634

14018



A - L] J - - - 4
AN A. 7 LARWIANITATIAIAANANR SN VAV terminal U AUyl 22 unsAu 2541

a1 1NN U VAV terminal (cfim)
1 2 3 4 5 6 7 8 9 10| {12134 151617 ] 18

700 | 162 | 445 | 639 | 772 | 271 | 697 | 544 | 205 | 292 | 348 | 202 | 509 | 586 | 472 | €55 | 645 | 732 | 667
800 | 162 | 392 | 532 | 391 | 305 | 252 { 692 | 67 | 365 | 455 | 363 | 528 | 564 | 241 | 575 | 435 | 425 | 636
900 | 151 | 435 | 518 | 502 | 338 | 233 | 782 | 0 | 398 | 496 | 362 | 458 | 545 | 469 | 549 | 295 | 429 | 637
1000 | 150 | 341 | 444 | 472 | 311 | 253 | 608 | o | 360 | 450 | 358 | 438 | 610 | 192 | 475 | 275 | 372 | 648
1100 | 148 | 392 | 422 | 470 | 292 | 240 | 566 | O | 358 | 457 | 362 | 429 | 563 | 203 | 509 | 299 | 355 .| 642
1200 | 145 | 336 | 444 { 396 | 323 | 232 | 449 ) O | 366 | 465 | 347 | 559 | 606 | 316 | 423 | 372 | 427 | €60
1300 | 133 | 415 | 435 | 238 | 299 | 242 | 463 | ©0 | 352 | 453 | 365 | 482 | 675 | 132 | 480 | 352 | 424 | 648
1400 | 133 | 425 | 420 | 562 | 300 | 277 | 385 | O | 361 | 458 | 347 | 516 | 577 | 365 | 582 | 499 | 504 | 662
15.00 | 136 { 447 | 492 | 584 | 308 | 262 [ 448 | 0 | 366 | 462 | 343 | 538 | 739 | 543 | 567 | 514 | 540 | 635
16.00 | 132 | 464 | 436 | 601 | 305 | 282 | 378 | 0 ) 360 | 452 | 341 | 542 | 726 | 554 | 562 | 520 | 592 | 635
17.00 | 135 | 500 | 532 | 472 | 292 | 310 | 494 | 95 | 351 | 408 | 315 | 548 | 723 | 549 | 613 | 578 | 640 | 617

SoL
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A1919N A. 8 UAMINANITATIANARNASAIEN VAV terminal 04 UM 23 UNTIAN 2541

R 1B urnuaudiy QU VAV terminal (cfm)
1 2 3 4 5 6 7 8 o | 10| 11 | 12| 13] 14| 15| 16| 171 18

700 | 148 | 348 | 642 | 578 | 208 | 482 | 309 | 222 | 306 | 365 | 295 | 635 | 523 | 484 | 415 | 487 | 462 | 675
800 | 150 | 357 | 334 | 318 | 366 | 199 | 514 | o | 361 | 455 | 342 | 423 | 568 | 242 | 518 | 233 | 372 | 634
900 | 150 | 352 [ 323 | 477 [ 309 | 278 | 664 | O | 368 | 458 | 368 | 497 | 590 | 260 | 515 | 356 | 370 | 644
1000 | 148 | 405 | 222 | 545 | 302 1 276 | 732 | o | 372 | 463 | 242 | 425 | 675 | 397 | 566 | 403 j 465 | 650
1100 | 133 | 401 { 371 | 465 [ 300 | 235 |- 475 | o | 366 | 458 | 347 | 478 | 685 { 199 | 520 | 278 | 434 | 636
1200 } 135 | 376 | 441 § 480 | 206 | 263 | 557 | 0 | 363 | 472 | 345 | 655 | 725 | 383 | 515 | 372 | 453 | 649
1300 | 135 | 333 | 239 [ 331 { 305 | 255 | 496 | O | 362 | 463 | 349 [ 412 | 666 | 341 | 518 | 340 242 | 644
1400 | 133 | 352 | 474 | 302 | 297 | 258 | 455 | O | 357 | 444 | 339 | 592 | 598 | 442 | 595 | 455 | 472 | 633
1500 | 135 | 443 | 468 | 430 | 305 | 248 405 | o | 361 | 445 | 338 | 579 | 696 | 499 | 638 | 453 | 522 | 638
1600 | 135 | 431 | 422 | 456 | 308 | 254 | 407 | 0 | 362 | 446 | 345 | 565 | 735 | 456 | 575 | 479 | 518 | 636
1700 | 133 | 435 | 475 | 502 | 272 | 282 | 475 | o | 357 | 445 | 336 | 519 | 727 | 505 | 573 | 518 | 589 | 629

901
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A9 A. 9 LARINAMIIATTULIANRNIEY 0 Fuf 22 nIngAN 2540

Time Troon Air side Water side Heat Extraction Rate] Fan Power
Flow rate coil,in coil,out Flowrate| T, Ta [Sens. Heat| Total Heat] Consumption
°C m¥%s | TCC) | RHCA) | TCC) | RHGG) | ms °C °C kW KW W
7.00 26.7 498 274 55.7 141 80.4 0.0089 10.7 15.0 82.1 155.5 7566.0
8.00 26.5 5.03 27.1 53.1 139 79.9 0.0089 11.0 149 82.0 143.3 7624.0
9.00 26.5 4.96 26.9 519 137 85.5 0.0091 11.0 14.4 80.7 128.2 7597.0
10.00 26.4 482 26.9 51.1 126 899 0.0107 9.7 12.7 85.6 1324 7508.0
11,00 26.1 4.65 269 497 12.1 90.6 0.0110 9.5 12.2 853 125.4 7058.0
12.00 25.9 465 26.8 49.4 128 90.7 0.0100 10.4 13.1 80.5 113.6 6986.0
13.00 25.5 427 26.3 48.2 12.6 87.5 0.0099 10.3 12.8 72.5 102.4 65510
14.00 25.7 4.42 26.4 50.0 127 87.1 0.0099 10.2 129 75.0 1116 6668.0
1500 | 258 | 4.43 26.5 50.4 12.8 875 { 00097 | 102 13.0 5.1 112.8 6660.0
16.00 25.7 4.36 26.5 496 12.6 85.0 0.0099 10.2 . 13.0 75.1 114.7 6665.0
17.00 25.5 4.39 257 50.1 129 88.0 0.0098 10.3 12.8 69.6 100.1 6658.0

101
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AN A. 10 uamnaNMnsruudanEfniy o dun 23 NINJIAN 2540

Time Troom Alr side Water side Heat Extraction Rate ] Fan Power
Flow rate coil,in coil,out Flow rate Te Tee [|Sens. Heat| Total Heaﬁ Consumption
°C m¥s | T(C) | RHCA) | T(C) | RH(%) | mYs °C °C kW kW w
7.00 26.0 4.76 26.8 56.2 137 784 | 0008991 11.0 14.7 713 141.3 7571
8.00 25.7 4.60 26.5 53.8 13.0 800 ] 0.00967] 107 14.0 7.3 133.7 6849
9.00 256 437 26.4 514 12.5 8a7 | oo00973f 104 13.3 75.2 117.0 6638
10.00 256 4.39 26.5 51.2 12.5 87.8 | 000991 102 13.2 76.1 119.4 6580
11.00 25.6 4.49 26.4 51.8 12.3 886 | 000999 ] 102 13.0 76.6 116.0 6642
12.00 25.4 424 .| 265 50.5 123 864 J 0.01000] 10.2 130 4.7 1144 6377
13.00 25.1 3.89 259 4938 12.0 858 | 0.01002] 10.1 126 67.0 1023 6137
14.00 25.3 427 26.6 496 123 872 | 0.00984| 104 13.2 75.4 114.6 6512
1500 | 254 4.28 26.5 50.8 126 87.2 | 000977 104 13.2 74.1 113.5 6578
16.00 25.4 4.11 26.3 50.7 12.1 882 | 001027 f 102 12.9 726 112.] 6180
17.00 253 389 | 265 50.6 123 867 ]| 0.00984 | 106 13.1 68.3 103.9 6122

801
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ATHN /. 11 UAMNANTIATSULISIAAERUILEY TU TUN 24 ﬂ?ﬂ{]’]ﬂu 2540

Time Troom Air side Water side Heat Extraction Rate | Fan Power
Flow rate coil,in coil,out Flow rate T Tuw, |Sens. Heat| Total Heat] Consumption
°C m¥% | TeC) | RH(%) | TC) | RH®) | m's °C °C kW kW w

7.00 256 436 26.3 549 12.8 765 | 0.0099 10.5 138 2.9 134.1 6590
8.00 254 424 | 263 54.0 125 80.8 | 00102 | 105 135 72.7 126.9 6444
9.00 254 436 26.3 50.7 12.3 837 0.0101-§ 103 13.4 5.6 118.4 6451
10.00 254 437 26.3 50.2 125 83.5 0.0100 10.3 13.1 4.6 116.0 6446
11.00 254 4.35 26.3 49.3 122 83.5 0.0105 10.3 13.1 75.9 119.3 6348
12.00 25.3 418 26.4 49.2 12.2 83.0 0.0102 10.1 12.9 B3 116.0 6319
13.00 24.9 3.56 258 49.4 116 81.7 | 0.0105 9.8 122 62.7 101.1 5787
14.00 25.1 3.92 26.3 50.5 12.1 828 [ 0.0101 10.2 13.0 68.9 113.9 6073
1500 | 252 4.00 26.2 50.2 12.2 848 | 00102 | 102 12.8 69.4 107.8 6058
16.00 252 3.93 26.1 497 121 889 | 0.0103 10.3 128 68.0 102.0 6084
17.00 25.5 431 26.1 55.5 15.1 91.2 0.0088 130 15.3 58.5 83.6 6257

60t
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A9M A. 12 uamanan FassuLsI RNyt AuR 25 nanyIAN 2540

Time Troom - Air side Water side Heat Extraction Rate } Fan Power
7 Flow rate coil,in coil,out Flow rate Ty T,, [Sens. Heat{Total Heat Consumption
°C m¥s T(°C) | RH(%) | T(°C) | RH(%) m’/s °C °C kW kw w
7.00 256 468 26.8 56.3 13.8 93.5 0.0089 1.1 145 75.2 121.6 6980
8.00 254 4.43 26.5 53.8 133 | 906 0.0094 10.7 136 2.6 114.2 6697
9.00 253 | 445 26.3 520 13.1 g6.9 | 00097 | 106 13.4 729 112.6 6794
10.00 254 463 265 54.8 134 885 0.0097 106 | 136 754 121.3 6987
11.00 254 4.39 26.3 515 13.0 88.3 0.0097 10.6 134 723 110.8 6592
12.00 25.1 4.20 26.4 51.4 13.1 86.7 0.0102 10.2 127 69.0 105.9 6396
13.00 24.7 as? 254 52.2 126 86.2 0.0101 10.2 123 56.5 852 5842
14.00 25.1 426 26.1 526 13.1 86.2 0.0100 10.4 13.1 68.5 107.2 6421
15.00 252 4.21 259 53.0 134 855 0.0097 10.4 13.2 67.0 107.5 6204
1600 | 25.1 4.20 26.0 51.8 13.1 846 0.0096 10.3 13.1 67.3 106.3 6296
17.00 25.0 4.21 258 50.8 14.7 88.0 0.0086 13.0 15.2 51.9 76.1 6031
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Time Toom Air side Water side Heat Extraction Rate } Fan Power
Flow rate coil,in - coil,out Flow rate T T, [Sens. Heat] Total HeagConsumptiony
°C m¥s TeO) | RH) | TCO) | RH®%) | mYs °C °C kW kW w
7.00 26.6 4.39 26.7 624 12.0 £2.9 0.0093 104 14.8 79.6 167.2 6267
8.00 25.6 3.88 26.6 549 12.8 84.9 0.0087 11.6 14.6 66.5 111.5 5805
9.00 25.7 3.76 26.5 53.1 11.6 81.2 0.0096 10.3 13.5 69.5 124.6 5741 _
10.00 25.7 3.2 26.5 50.8 11.4 84.6 0.0099 10.0 12.8 69.7 1143 5715
11.00 25.6 in 26.2 49.5 11.3 85.5 0.0097 10.3 i3.0 68.6 107.6 5652
12.00 256 3.57 264 50.3 11.6 84.5 0.0090 10.3 13.0 65.3 102.6 5637
13.00 251 3.16 25.8 51.9 11.4 84.6 0.0093 10.3 12.7 564 92.0 5290
14.00 254 3.38 26.0 503 113 B5.3 0.0097 10.2 12.7 61.6 98.6 5381
15.00 254 3.51 26.2 494 113 85.5 0.0102 10.2 12.6 65.1 101.3 5422
16.00 25.5 3.56 262 49.8 11.5 84.8 0.0099 10.3 12.9 64.7 103.8 5530
17.00 256 KK] 26.4 519 13.6 384 -0.0076 12.6 154 59.1 87.8 5690
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Time Troom Air side Water side Heat Extraction Rate | Fan Power
| } Flow rate coil,in coil,out Flow rate T Two | Sens. Heat| Total Heat] Consumption
°C m’/s TCC) | RH%) { T¢C) | RH(%) | mYs °C °C kW kW w

7.00 26.2 4.45 26.7 66.3 11.0 828 0.0106 9.2 134 86.2 188.6 6412
8.00 25.1 3.46 26.2 53.2 11.8 82.5 0.0093 10.8 136 61.7 107.5 5520
9.00 25.3 3.42 26.2 516 1.3 829 0.0094 10.3 13.0 62.9 105.7 5465
10.00 254 345 26.2 50.9 11.3 83.2 0.0096 10.2 128 | 637 105.7 5489
11.00 253 3.44 26.2 51.6 1.3 83.0 0.0094 10.3 13.0 63.3 106.3 5469
12.00 252 330 26.3 513 17 83.3 0.0090 106 13.2 59.6 98.4 5482
13.00 25.1 2.82 26.2 52.0 1.7 83.3 0.0094 104 124 50.7 81.8 5050
14.00 25.3 3.55 26.2 51.2 1.3 83.7 0.0096 10.4 132 65.5 110.3 5473
15.00 254 3.59 26.4 50.4 11.1 832 0.0098 102 13.0 68.2 113.7 5481
16.00 254 3.58 26.4 52.0 11.6 83.9 0.0096 104 13.2 65.8 1.5 5601

- 17.00 255 3.90 26.4 55.5 157 { 875 0.0074 14.6 17.0 517 76.2 5766

AR
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Time Tro0m Alr side Water side Heat Extraction Rate§ Fan Power
Flow rate coil,in coil, out Flowrate] T, Teo |Sens. Heat] Total Heat) Consumption
°C ms T(CC) | RH(%) | TCC) | RH(%) | m¥%s °C °C kW kW w
7.00 256 422 26.6 63.8 12.2 83.5 0.0104 10.7 14.1 75.4 152.2 5935
8.00 25.0 3.48 26.5 59.0 14.0 85.2 0.0083 126 153 53.9 95.6 5476
9.00 252 359 26.5 58.4 12.7 84.0 0.0087 11.6 146 61.1 111.0 6025
10.00 251 319 26.2 56.3 12,0 833 0.0092 10.9 135 55.9 100.2 5373
11.00 25.1 3.21 26.2 54.3 1.6 83.7 0.0098 10.5 13.0 58.1 101.3 5320
12.00 25.1 3.24 26.2 54.9 12.3 85.5 0.0085 1.3 14.0 55.6 94.3 5426
13.00 248 a1 259 56.9 12.1 84.7 0.0090 11.2 136 ) 532 91.4 5295
14.00 252 348 26.1 53.3 121 85.0 | 0.0089 110 13.9 60.5 103.4 5608
15.00 253 3.74 26.2 54.3 12.3 839 0.0091 1.0 140 643 111.9 5673
16.00 25.3 372 26.3 534 12.2 84.4 0.0090 10.9 14.0 65.1 112.6 5646
©17.00 255 3.86 26.2 57.4 15.8 88.7 0.0071 14.8 17.3 49.7 74.5 5850
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Time Tooem Air side Water side Heat Extraction Rate] Fan Power
Flow rate coil,in coil,out Flowrate} Ty Teo |Sens. Heat| Total Heat] Consumption
°C | m¥ TCC) | RH%) | T¢C) | RH®%) | m’s °C °C kW kW w
7.00 255 3.66 267 67.4 10.8 829 0.0085 9.4 135 723 162.2 5815
8.00 24.7 3.01 258 57.8 117 83.1 0.0096 10.6 130 52.6 96.1 5188
9.00 25.1 329 26.2 53.7 11.3 820 0.0099 10.3 13.0 60.9 108.5 5394
10.00 25.3 3.49 26.2 535 11.4 84.0 0.0099 10.3 13.4 64.0 1122 5526
11.00 252 3.20 266 518 11.3 840 1 00100 102 12.7 60.7 102.6 5393
12.00 252 3.49 26.6 50.1 11.5 832 { 0.0094 10.4 134 65.3 105.6 5530
13.00 248 3.18 26.2 50.3 11.4 83.0 0.0096 10.4 12.7 58.3 93.0 5287
14,00 25.1 3.40 26.6 49.3 1.1 83.2 0.0100 9.8 123 65.3 104.2 5414
15.00 25.1 359 2638 48.9 115 83.7 00098 §{ 105 13.2 68.2 108.6 5547
16.00 25.2 355 26.9 49.1 1.1 83.1 00104 | 102 12.8 69.7 112.4 5562
17.00 253 367 26.8 50.9 14.4 86.7 | 0.0070 139 16.6 56.3 80.9 5545

FLi
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o al »>
210 uss A P, iflumndugruasiinnadenginaalifnfnmeinilaienia

® N1EATMAMAI AP,

mM2AnuA AP, sundiunsiuenmnmiusugdasd Jaduseusudiiidi
nsinwumAY Static pressure set-point  TRIAMILANMIRMTIBRLINTARnIRY
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Duct Fitting Type of Parameters Loss
CoefTicient
section | Number Fitting C

1 T [Fire Damper™ 0.120
2 7 Wy AJA.=0.65,A/A,=035,Q/Q.=04]| 0375
3 [ElbowT H/W=035,/W=0.75 0.520

4 |Diverging Tee™ 6=90,V,/V,=0.71 0.040

3 5 [Transition® 8=30,A,/Al=0.8 0.020
6 Diverging Tee!"! 8=90,V,/V, =06 0.060

4 7 [Transition® 0=30,A,/A, =08 0.020
8  |Diverging Teo'! 8=90,V,/V,=03 0.170

5 9 |Transition® 0=15.A,/A, =028 0.051
10 |EibowD /D=0.75 0.330

6 tr |Wyel AJA,=0.5,A/A.=0.5,Q/Q.=05 | 0050
12 [Transition™ 0=30,A,/A, = 1.66 0.924

13 [wyed 8=90,V,/V.=0.75 0.030

7 14 |Transition® 0=30,A,/A, =08 0.024
15 [wy™ 5=90,V,/V,=03 0.100

8 16  |Transition™ 8=30,A,/ A, =0875 0.015
17 [Wyd 8=90,V,/V,=025 0230

9 18 |Transition® 6=15,A,/ A, 028 0.051
19  |Elbow™ t/D=0.75 0.330

10 20  |Wyeld AJA,=0.65,A/A. =035,Q/Q.=04| 0375
21 [Elbow™ H/W=05,/W=0.75 0.520

22 [Wye™? 6=90,V,/V.=0.71 0.040

11 23 [Transition® 0=30,A,/Al=08 0.020
24 Diverging Tee!" 6=90,V,/V.=056 0.060

12 25 [Transition 0=30,A,/A, =08 0.020
26 Diverging Tee'' 8=90,V,/V.=03 0.170

13 27 |Transition® 8=15,A,/A, =028 0.051
28  [Elbow™ /D=0.75 0.330
VAV terminal{ Audit) 10.270

(] ASHRAE HANDBOOK FUNDAMENTALS. 1985
[2] ASHRAE HANDBOOK FUNDAMENTALS. 1993

[3] Heating and Cooling of Buildings:Design for efficiency,
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Duct Duct Airflow Duf:t Size | Equivalent | Velocity | Velocity Press. | Duct length | Summary of | Total | Section Press.
Section| Element m'/s W’mch H |Diameter,m| m/s Pa m Loss coeff. | Losss , Pa Pa
1 Duct 4.947 40 16 0.685 12.0 87.20 24 0.05 447
Fittings 4.947 - 12.0 8720 - 0.12 10.46 14.93
2 Duct 1.923 24 12 0.464 104 65.10 9.7 0.34 21.87 A
Fittings 1.923 - - 10.4 65.10 - 0.94 60.86 82.73
3 Duct 1.374 19 12 0.417 9.3 52.98 8.4 0.34 17.717
Fittings 1.374 - - 93 52.98 - 0.08 4.24 20
4 Duct 0.824 5 12 0.372 7.1 30.59 89 0.42 12.89
Fittings 0.824 - - 7.1 30.59 - 0.19 531 18.71
5 Duct 0274 - 0.203 8.5 431.73 39 0.38 16.59
Fittings | 0274 - X 85 YERE) - 038 16.66 3325
6 Duct 1.099 20 10 0.387 B.S 4409 22 0.10 428
Fittings 1.099 - - 8.5 44.1 - 1.00 44.27 48.55
7 Duct 0.324 16 i0 0.349 30 372 8.4 042 1640
’ Fittings 0.824 - - 8.0 38.72 - 0.12 480 21.20

6LL
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Duct Duct Airflow Duct Size | Equivalent | Velocity | Velocity Press. | Duct length | Summary of | Total | Section Press.
Section | Element m*/s W’mcll H |Diameterm| m/s Pa m Loss coeff. | Losss, Pa Pa
8 Duct 0.550 14 10 0.327 é.l 22.50 89 0.50 11.27
Fittings 0.550 - - 6.1 22.50 - 0.25 551 16.79
9 Duct 0274 - 0.203 8.5 43.73 39 0.33 16.59
Fittings 0.274 - - 8.5 43.73 - 0.38 [6.66 3325
10 Duct 1.923 24 12 0.464 10.4 65.10 15.6 0.54 35.17
Fittings 1.923 - - 10.4 65.10 - 0.94 60.86 96.03
11 Duct 1.374 19 12 0.417 9.3 52.98 84 0.34 17.77
Fittings 1.374 - . - 9.3 52.98 - 0.08 424 22.01
12 Duct 0.824 15 12 0.372 7.1 30.59 8.9 042 12.89
Fittings 0.824 - - 7.1 30.59 - 0.19 5.81 13.71
I3 Duct | 0.274 - 0.203 ‘ 85 43.73 : -39 0.38 16.59
Fittings 0.274 - -~ 8.5 43.73 - 0.38 16.66 33.25
VAV 0214 - - 85 43.713 . - 1027 447.60 447.60

oci
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Duct Fitting Type of Parameters Loss

Coefficient
section | Number Fitting C

14 29 Enbw A/ W,=035, W,/ W,=0.6 1.752

30 [Eibow™ H/ W= 033, WiW, =1 1.222

31 Fire Damper™ 0.120

15 32 |Converging Wye,Rec!'l | AJA. = 0.75 AJ/A.=0.5 QyQ.=0.33 | - 0.300

16 33 [Converging Wye,RecT| AJA,= 0.75 Ayh, =05 Q/Q.=0.5 | 0.120

34 Transition'"! 0=15,A,/A, =119 0.043

35 |Elbow™ H/W,= 048, W/W, =1 1210

17 36  |Converging Wye,Rec!' | AJA.= 0.5 AJA,=0.5 Q/Q.~0.5 0.350

37  [Transition"! 6=15,A,/A, =093 0.018

38 |Entry™ _ 1.440

18 39 [Elbowd H/ W, =048, W, /W, =1 1210

19 20 |Elbo H/ W, =055, W/W,=06 1.736

41 |Fire Damper® 0.120

20 42 [Converging Wye,Rec!' ] AJA_ = 0.75 AJA,=0.5 Q/Q,=0.33 0.300

21 43 Converging Wye,Rec'l| AJA_ = 0.75 A/A =0.5 Q/Q.=0.5 0.120

44 IElbowm H/W,=0.55, W/W;,=1 1.204

22 45 Converging Wye,Rec'!| AJA = 0.5 AJA.=0.5 Q/Q.=0.5 0.350

46 Transition*" 0=15,A,/A =14 0.08

47 Entry!" 1.440

23 48 Transition!'] 8=20,A,/A =21 0.200

49 |Elbow H/ W, =035, W/W,= 1 1222

50 [Firc Damper®™ 0.120

24 51 IConverging Wye,Rec!"| AJA, = 0.75 AJ/A.=0.5 Q/Q.=0.33 0.300

25 52 PConverging Wye,Rec!! | AJ/A. = 0.75 AJA,=0.5 Q/Q.=0.5 0.120

' 53 [Transition(] 8=15,A,/A,=1.19 0.043

54 Elbow!'#! H/W,=048, W,/W,=1 1.210

26 55  [Converging Wye,Rec''| AJ/A = 0.5 AJA.=0.5 Q/Q.=0.5 0.350

56 LTiﬂnsitionm 8=15,A,/A,=093 0.018

57  [Entryl!) 1.440

27 58 |Elbow 1.220
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Duct Duct Airflow Duct Size | Equivalent | Velocity | Velocity Press. | Duct length | Summary of |  Total Section Press.
Section | Element m’/s W’mChH Diameter,m | m/s Pa m Loss coeff. | Losss , Pa Pa
14 Duct 1.648 | 40 | 14 0.527 4.6 12.65 12 0.40 5.00
Fittings 1.648 - - 4.6 12.65 - 3.09 . 39.13 4413
15 Duct 1.099 1 30 | 14 0.485 41 9.99 6 0.22 223
Fittings 1.099 - - 4.1 ' 9.99 - 0.30 - 223
16 Duct 0549 | 25 12 0412 2.8. ‘ 490 10.9 0.52 2.56
Fittings 0.549 - - 28 4.90 - 1.37 6.72 928
17 Duct 0275 | 18] 10 0.327 24 340 22 0.15 0.49
Fittings 0.275 - - 24 340 - 1.81 6.15 6.64
18 Duct 3207 1 40 | 19 0.654 6.7 2146 52 0.13 344
Fittings 3297 - - 6.7 2746 - 1.21 33.23 36.67
19 Duct 1.648 | 34 12 0.451 63 23.82 88 - 0.34 1.99 -
Fittings 1.648 - - 6.3 23.82 - 1.86 44.31 - 5231
20 Duct 1099 | 26 10 0.367 6.6 26.07 6 0.29 7.61
Fittings 1.099 - - 6.6 26.07 - 030 - 71.61

gel
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Duct Duct Airflow Duct Size | Equivalent | Velocity | Velocity Press. | Duct length | Summary of| Total | Section Press.
Section| Element m/s W,m.:ll H {Diameterm| m/s Pa m Loss coeff. | Losss , Pa Pa

21 Duct | 0549 | 18 | 10 0327 | 47 13.60 10.7 0.63 8.55

Fittings 0.549 - - 4.7 13.60 - 1.32 18.01 26.55
2 Duct 0274 14 8 0.259 38 8.76 24 0.19 1.70

Fittings 0.274 - - 3.8 8.77 - 1.87 16.40 18.11
23 Duct 1.648 40 14 0.527 4.6 12.65 94 0.31 3.92

Fittings 1.648 - - 4.6 12.65 - 1.54 19.50 2342
24 Duct 1.099 30 14 0.485 4.1 999 6 o 2.23

Fittings | 1.099 - - a1 9.99 : 030 : 223
25 Duct 0.549 25 12 0.412 283 490 10.9 0.52 2.56

Fittings 0.549 - - 2.8 4.9 - 1.37 6.72 9.28
26 Duct 0275 18 10 '0.327 24 340 22 0.15 0.49

Fittings 0.275 - - 24 340 - 1.81 6.15 6.64
27 Duct 4947 | 64 19 0.744 6.3 24.16 1.0 0.02 0.50

Fittings 4947 - - 6.3 24.16 - 1.22 29.47 29.97

Cooling Coil] 4.947 - - 1.7 1.69 - 44.00 74.27 74.27
& Filter

oA
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NATIT 1.5 usE ATl 4.6 Aan@eniemisdurieaniiisauFugaRennigadui
Unu Lﬁﬂlﬂummhmummﬂmcamﬁnrm:ﬁmu (System characteristic curve) Enﬁ'lu
druvaiasudzfanevesumudumadui 3 uasdwiLveaundusnifanievieny
mudumedud 2 Dufumumudis q'\n&mzﬁ'\mﬁ'\mmw\aum:ruamqmﬁ'nnm:
snavieaumuaNnITiuandlitreiu Toaluduraanisdnundt AP usr AP, asfivnis
ﬁﬂmmﬁhnmuﬁ'uqmLﬁﬁﬁﬁmﬂmﬂuammmmmh»: 1 fiu Fefuranisduacusipndu

. J d
gauduraNTeesLLYesuaNInuans AR RN 3,7

d t] - 1] "
AT 4.7 ussdtmAugEuTalusEIviesy o Snsnasluasing 1

) . AP AP, AP, AP,
m’/s Pa Pa Pa
4,95 245.50 632.50 878.00
3.96 163.60 632.50 796.10
2.97 99.70 _ 632.50 732.20

+ 1.98 53.80 632.50 686.30
0.99 ‘ 26.00 632.50 658.50
0.58 19.80 632.50 652.30

L | |. 4 -~ L4
nnyadeynmAriugydesnseszuutiesy fdnmnsluasing 9 Kammed o7 $redu
L - i ‘ [ ]
snTowBIAMMAIdNEENE C, usr C, teeannsusmIaudnTssuLiony A
L3 .
1938 Least -squares Method #eil

. AP, = C,Q'4C,
Taei n = dmaugmdieys

Z(Cz +C,Q;* -AP;,)* = minimum

uasineyiudtontesaunisdredufuudiui C uez C, iy gud Wewrntiaefiganes
CHTGE |
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az":(c, +C,Q% -APy,)

=l = ZZ(C2+C1Q2i"APT,i) =0
aC,

53°(C, +C,Q4 -AP, )’

T = T2C, +C, Q4 AP QS = 0
1

wsannridiudon 2 ufadaguuuuressunsiudlbidly
nC+C Q% = X AP,
CLQ5+C2Q4 = 2 QIAPy

in APT.i Q‘i Qli APT.i
24.5 878.0 600.4 215132
15.7 796.1 245.9 12484.1

8.8 732.2 77.8 6458.7

3.9 686.3 15.4 2690.6

1.0 658.5 1.0 645.4
0.3 652.3 0.1 2194
54, 4403.4 940.5 440441
uetn=46

6-C,+542-C, = 44034
542-C, +9405-C, = 440441

|
W e

whrzuuaunisinaduaclden C =946 warC, = 648.42  Aaiu

AP, = 946.Q" + 64842 Sl S
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WineTwufatuildrzevianmunu (Pay-back period) Dudmaregmanii
5 i L4
Wudrtedanufusrteinisaauesdssyudsieanduuunininseiniaulsdu(VAY)
Y -l H . - ]
wWisuisufuscuuuuniBoneiniami(CAY)  TandumeulunisAuamssuziannug
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anunsouanslidell

1899 INNISAUTEUL(incremental initial cost)

TUZORIAUU = —— .
s fugniissdqil(incremental operating cost)

o TEFILINNITAINUIEUL (incremental initial cost)
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seuudisnuivuuuFAseInIMuleiy 1«1'Hq1.lntnfuﬂm.lnumﬁmmﬁmmwnnu
(flow modulator) uuy Inlet Guide Vanes(IGV) , qunrafufinfBsmsaimmlaiemis(VAV

terminal) i{hiuv pressure independent uazfissuumaumuuuy Direct Digital Control
(DDC)

-l . -l . |
swni® 2 dursiudaseduund 1 TaamsldgunsafilfnFunaseanamlatamng
(VAV terminal) 1lMuvy pressure dependent 1~1ﬂ?:u1.|muqmﬂum.l1.l Electronic Control

Tnu#qﬂnmiuﬂnﬂ’a'umﬁmmaummﬁmﬂu (flow modulator) flapniluuuy Inlet Guide
Vanes(IGV)

IR -l ° -l -
azuwn® 3 durtuudinesuin® 2 Taunsld  Inverter Wugunsafinlsulany
Ui unanreaiaan. (flow modulator) QuUnrallfutfunmseinimUaIen1a(VAV terminal)

Wiuuy pressure indcpehdcnt i:ﬂr:uumuqmﬂuuuu Direct Digital Control(DDC)

L
v -
Trededuacdaidurersuun 3 annsoudalumaresat
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dom

deudly

o
uLULLY 1

- guqtoRmdefueTeduYey BAS
. <

M lfdrusenitrtaedeuuasiiasuy
wdaanmianu

- pgniipausiutinlunivinaugs

- AnenIAnATUssuEANaI e
fiow modulator wUY IGV @7

- VAV terminal H5A1ung

LB 2 - AWsrunaraauzzuLn - Llawndnsefiatetieses
BAS
- Arwsiudglunmineudi
- Anuamsdzsudand e
flow modulator WL IGV fin
FTULLLT 3 - guntonedefuwietiutas BAS | - AdlfdwniramuIzLLQ

v -
mMiddudonitarisasuuasitaey
uaInamnu
- AnugnABdwiud tunImiasmg

- AnuntnnirUrsugawaIIuTe

flow modulator WL knverter {3

1 -' L1 - J i
susrpsnnraIursuLindausssgUnsnlifadindmiunalfeussuudsiuay

- . = v -
Wi RuaarenAudsfiy wnursinnFussemninmam AIMFUITLLTIN TR0

a:ﬂ'lﬁ’ﬁﬁmru
MEn? ST
1 2 3

qunsafilsuBeiBaunniey () 20,4000 20,400 50,000
pamsaafAINANATA (L) 8,000 8,000 8,000
qunsaltfunFansetmmlateme (uam) | 281,700 214,200 281,700
FaRmde (L) 36,000 36,000 36,000

my 346,100 278,600 375,700
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o mefugnitszdrD(incremental operating cost)

ﬁunmhm]r:iﬂi!dﬂuﬁnzuuﬁaiﬂuﬂmﬁuuufmﬂm'umnmﬁ‘ aufiounwdlss
dmFursuusuu st nasU ey dwdulingfinudiasRansannidndaau
mu1:'ludw1m:_=uuﬁq-iwamﬂudmmmmmﬁ'\“ﬁ@ﬁa‘lﬂﬁ

g - J
susulszdntidmursun Buanseninag

- nedleenuuusunmsesszuy CAV dwitaimensdiAinmiauistiunnifueinia
aeniflu 4 Toudeg uszdAruommAnszmndeuggatuudiazinulanlusunsy BLN-ESPI
denfuufinufunisesnuuusnasesssuy VAV Fuflunisdrusniuuy Block Load §az
nsdesnuasdusesssULasis ULz 2,000 cfin Fnl¥nsinend full load vesszuy
CAV gandnzzuu VAV FafuindslvifinsasinausmfuszunBinaemansicieiin
# full load ax¥fu 8,040 W ilefisizandatuslunsinsunaeasiluinty 2,008 Fatus
B lindsnuintimeanistlaziiniu 24,308 kW-h uazdledndrlidindewiouiedy
Wil 2.7 1WAW-h mesandszdaidnuiusnnfanaseanansfiazinfy 65,634 11m

Z4 v 71
(1541 ) (V.05 A} (32 W)
"""""""
(7.78 i)
d
(n) svuy CAV (v) svuu VAV

1 <. 1 wammnkiunsfuenisiewsunaeesssuugesoady
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usrutssdrildmiursuuiRunarenAuleiu

- ﬁmsmﬁﬂé'q‘lﬂﬂﬁaqqmmﬁmuéwﬁmuufmwmqmﬂmﬂm'-'\ﬁu 7454 W
druaudatuslunsinen 2,908 dati |

N2 Inlet Guide Vanes ugnsafutny@euiBsnmuay Funumsiindenuln
Hmneaflwinfiu 18,006 kW-h , A lifinsemictefuwinfu 2.7 um / KW-h Fadu
usnszdntiviniy 48,616 um

el Tnverter (SugunsnfutlsufnuFumas Pnaunsdndsniifineens
Twinfiu 16,430 kW-h ,ﬁnﬁﬂﬂﬂwﬁwﬁqumﬁmﬁqﬁu 27 U/ kW-h  Fedurusess
iy 44,361 U

safusefugnidszarlidviunisldrzuudsdruaniduuuuiininsenimu sdu

asrouamalifam
nsodld IGV n2aitd Inverter
musngUszintldwiussuu CAV (uan) 65,634 65,634
PusnlrzdntidwmFussuu VAV (uan) 48,616 44,361
mufugnitlszdntl (um) 17,018 21,273

sryzomAupEIIrTLLLLI Ranse nAuisfussn rouanlddans

ToUL
1 2 3
PILANLINNITRMNUITLL (1) | 346,100 278,600 375,700
efugnitszdn (umAl) 17,018 17,018 21,273
suzompuu @) 20.3 16.4 17.6
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