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SUMMARY

The report describes a digital analogue written in 1900 Fortran,
which is suitable for computing natural ventilation rates in multi-
storey buildings. The assumptions made, data requirements and output

available are listed. A print-out of the programme is given.



1. INTRODUCTIQN

1.1. Digital analogue techniques are being used to produce design
information on infiltration and natural ventilation in buildings.
This is being done despite the lack of any comparative studies to
establish the accuracy of the assumptions and data used in the analogue
techniques. A major part of the work in the thesis was concerned with
comparative studies between a digital analogue model and full scale and
model scale studies. From these studies it was hoped to gain
information on the inherent accuracy of the digital analogue method
and the data requirements in order to improve design methods.
Consequently a programme was written which calculates natural ventilation
or infiltration rates in a simple building.
1.2, The programme used the same basic assumptions as used by
other natural ventilation prediction programmes. These are:
(1) that the building is considered as a series of compartments,
each of which has a limited number of air flow paths into
and out of it through which natural ventilation or infiltration
may occur.
(2) that each flow path has a characteristic flow resistance,
representing a doorway, window, air duct or open area:
which may be expressed by an equation relating air flow
through it to pressur=difference acting across it.
(3) that there is no resistance to air flow inside each
compartment of the building.
(4) that wind forces and stack effect produce external pressures
outside each external opening in the building which are time-
invariant over the period of time considered in the calculation.

(5) that the internal air temperature in the building is uniform

throughout the building.



2. PROGRAMME SPECIFICATION

2.1. In the programme the maximum number of compartments which may
be analysed was 211. These consisted of a maximum of 200 single rooms,
up to 10 corridors, one for each floor of the building, and one common
stairwell. The single rooms were assumed to be distributed as a
maximum of 20 on each of up to 10 floors, each floor being able to
have a unique number of rooms. The rooms could be of any required
size as ventilation rates were expressed directly in m3/hr from a
knowledge of the room opening characteristics. Each single room was
assumed to have two ventilation openings, one connecting it with the
exterior of the building and one connecting it with the corridor on that
floor. The stairwell compartment was assumed to be linked to each
corridor and to have no other ventilation openings. The stairwell
compartment could be used to represent either one or several stairwells
all opening onto the central corridor. Some representative building
plans suitable for analysis by‘this type of programme are shown in
Figure 2.
2.2. Each room in the building. and the openings in and out of that
room, were identified by a floor number and room number. The lowest
floor is taken to be floor 1. The rooms could be numbered in any
order, thus allowing the user to choose a numbering system suited to
the building‘plan. Each opening in the building was assumed to have
air flow resistance characteristic values which were used in an
equation of the form:

v =c.L. (ap)i/m ...1.
The values of the total leakage coefficient, C x L, and flow exponent,

n,y could be unique for each opening in the building.
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2.3. The input information required by the programme consisted of
the following values:

(1) number of floors in the building,

(2) floor to floor height, m, .
(3) number of rooms on each floor (even number),

(4) values of total leakage coefficient for exterior/room opening
and room/corridor opening for each room, m3/hr/mm ng.6.

(5) values of flow exponent for interior/room opening and room/
corridor opening for each room,

(6) values of total leakage coefficient and flow exponent for
each corridor/stairwell opening;

(7) wind pressure outside each opening expressed as a pressure
coefficient with respect to free stream wind speed at
building roof height,

(8) assumed meteorological wind speed, m/s,

(9) assumed mean intermal/external temperature difference, OC.
One significant limitation of the programme is that corner rooms with
windows opening onto two facades at two different external pressures
are not accurately modelled. In these situations a representative
external pressure should be taken. If this factor is likely to be
important the flow from one window to the other could be considered
separately and an estimation of the extra flow found.

2.4, The programme was designed to compute ventilation rate either
for one specified set of design meteorological conditions or for an
array of meteorological conditions covering the combinations of wind

speed and temperature difference normally encountered. The array of

meteorological values used consisted of wind speeds 0.001, 1.0, 2.0,
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4,0, 6.0, 8.0 m/s and temperature differences of 0.0, 8.0, 16.0 and
24.0 OC. The design meteorological values may be any values of wind
speed or temperature difference which do not occur in the array. The
meteorological wind speed input was an assuméd wind speed from a remote
site in open country at a height of 10 m., which was then converted to
the site wind speed, assuming the site to be in an urban area. This
form of input may easily be altered as was done in the comparative
tests, to use the site wind speed as a direct input, or to produce
site wind speeds characteristic of suburban or oren sites.
2.5. The output information given by the programme consisted of the
following values:
(1) review of the input information used in the programme,
(2) meteorological wind speed, m/s,
(3) interior/exterior temperature difference, oF,
(4)  total infiltration rate for the building, mo/hr (total of
all air flow rates entering the building through external openings).
(5) average room ventilation rate, m3/hr,
(6) standard deviation of room ventilation rates, m3/hr,
(7) for each room:
pressure differences acting across the external and
internal ventilation openings, expressed in mm.wg. and
as pressure coefficient values,
flow rate and direction of flow, m3/hr
(8) flow rate and direction of flow from the stairwell to the
corridor at each floor level, m3/hr,
(9) pressures in the stairwell and each internal corridor, mm.wg.
The sign convention used for air flow rates and pressure differences
in the programme was:

All flows towards the central corridor on that floor level, from
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any other part of the floor, are taken to be positive.
All pressure differences which would act to cause positive flow
rates are taken to be positive.

3. PROGRAMME DESCRIPTION

o e

3.1. The programme was written in Fortran 1900 language for use
on the Sheffield University I.C.L. 1907 computer. The programme
works on the basis of making successive approximations of the ventilation
rates occuring throughout the building until the estimated rates are
within the required accuracy limits. The approximation techniques
used in the programme are illustrated by the flow charts shown in
Figure 1. These are discussed in more detail in the following section
and related to the appropriate steps in the full programme. A print-
out of the full programme is given in Appendix Al. In the following
paragraphs figures in parentheses refer to line numbers of the
programme shown in Appendix Al.
3.2, The analysis is carried out in three main consecutive steps
in the programme. These are shqwn in Figure 1. Initially the external
pressures outside each of the extermal openings, caused by wind pressure
alone,are found. Each floor is analysed separately, considering it
to be isolated from the rest of the building. The pattern of
ventilation for the floor is found, and also the absolute pressure on
the corridor of each floor. A flow diagram of this section may be
seen in Figure 1(a). The detailed operations are noted below:

(1) Each floor is considered in turn, (74, 152).

(2) The convergency rate figure is set to one, (75).

(3) Initial internal pressures are set up (76 - 85):

the corridor pressure is set to the average of all the external
pressures acting outside that floor,

the room pressures are set to half the difference between the
corridor pressure and the appropriate external pressure.
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(4) The accuracy limits are set up, (86-7):
the current values of two pressure differences are set to
LiMl, LIM2; at the end of the cycle the current values are
compared with L1Ml, L1M2. If the pressure difference
values have changed by more than 1/1000 of their value during
the cycle LIM1 and LIM2 are set to the new current values and
the cycle repeated.

(5) The ventilation rates are calculated through all openings on
the floor and are balanced, (88-10L):

for each room in turn the flow rates in and out are equated,
each being set at the average of the two flow rates,

for the corridor, the net flow is found and the room/
corridor flow rates altered proportionally so that the

net flow is made zero.

the balance of air flow through each room is checked and if
necessary adjusted,

the balance of air flow into the corridor is checked and if
necessary adjusted.

(6) The pressure differences arc re-calculated and balanced, (105-
134): .

they are correlated with the values of the external pressures
and altered so that they are in agrecment with these values.

(7) The number of cycles carried out is checked. If this is over
50 the analysis is stopped, the number of cycles and current
values being written out, (135-6, 141-2).

(8) The relevant pressure differcnces are checkcd against LIM1,
L1IM2 and if not sufficiently accurate the approximation cycle

is repeated, (137-1L40).

(9) The variable values used to calculate the combined ventilation
rates are set up (143-151).

3.3 In the seéond section of the analysis the stack effect, assumed
to be acting alone, is considered. A neutral zone height is found
such that the net flow from all corridors to the stairwell is zero.

The corridors are assumed to be at zero pressure relative to each other
from forces other than stack effect. The stack pressures found by

this analysis are added to all relevant wind induced pressures found

in the initial analysis step. Figure 1(b) shows a flow diagram for
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this section and the detailed steps are again noted below:
(1) Assume an initial neutral zone height of half of the
building height, and calculate the pressures due to stack
effect, (157-160).

(2) Calculate the net flow into the corridor from each stairwell

(161-5).

(3) If the net flow into the stairwell is zero add the relevant
stack pressures to each level of the building assuming the
current value of neutral zone height (166, 189-195).

(&) If the net flow into the stairwell is positive, decrease the
neutral zone height progressively, in steps of 1/500 building

height, until the net flow becomes zero or negative, (166-177,
189-195)

if the net flow becomes zero assume the current neutral zone
height value,

if the net flow becomes negative assume a value half way

between the current value and the value used in the previous

cycle,

add the relevant stack pressures to each level of the building.
(5) If the net flow into the stairwell is negative increase the

neutral zone height progressively, in steps of 1/500 building

height, until the net flow becomes zero or positive, (166,

178-195):

if the net flow becomes zero assume the current neutral zone
height value,

if the net flow becomes positive assume a value half way

between the current value and the value used in the previous

cycle,

add the relevant stack pressures to each level of the building.
3.k, The combined ventilation rates, assuming both wind and stack
effect to be acting simultaneously, are calculated in the third section
of the programme. Each floor is analysed again, this time with the
presence of the stairwell, at the appropriate pressure taken into
account. Flow rates are balanced until the net flow into each central
corridor from the rooms on the floor and the stairwell is again zero.
These results are taken to represent the final estimated ventilation
pattern for the building. Once again a flow diagram is given, (see

in Figure 1(c)) and the detailed steps noted below:

(1) Each floor is considered in turn (200, 256)
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(2)

(3)

(&)

(5)

(6)

(7)

(8)

3.5.

The pressure difference between the relevant corridor and the
stairwell is calculated (201, 202).

The increment value is set, (203):

the ventilation patterm is found by a series of approximations,
altering the corridor pressure by increments; the incremental
values are made progressively smaller and the accuracy limits
are assumed to be met when the incremental values become equal
to preset limiting values.

The stairwell to corridor pressure difference is decreased by
a factor of one increment, (204-5):

as the flow pattern for each floor was prevously balanced,
the introduction of the stairwell at a different pressure
will cause the corridor pressure to be altered, the corridor
pressure becoming nearer in value to the stairwell pressure.

All pressure differences on the floor are re-calculated,
(206-219):

this procedure is carried out by a series of approximations;
the pressures cannot be simply altered in proportion due to
the different possible flow exponent values of the openings.

The flow rates are calculated for these new pressure differences,
the flow for each room balanced, and the pressure differences
re-calculated from the balanced flows (220-239).

The net flow into the central corridor is calculated, (240-250):

if the net flow is positive and the stairwell to corridor
pressure difference is positive or if the net flow is negative
and the stairwell to corridor pressure difference is negative
then the corridor pressure has not been altered sufficiently
to balance the total flow on the floor; the stairwell to
corridor pressure difference is reduced further, if these
conditons are not met then the corridor pressure has been
compensated at least enough and the accuracy check is made.

The value of the increment is checked, (251-25L4):

if this is larger than the preset limiting value then the
value of the increment is reduced by a factor of ten, the
corridor pressure reset to its previous value and the

calculation repeated from step L,

if the incremental value is sufficiently small the analysis
is stopped.

Summary ventilation rate values are calculated from the final

calculated detailed ventilation rates (257-274). and the results are
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printed (275-306) . The values of temperature difference and wind
speed assumed in the input are cycled in turn, and in that order, if
this type of analysis is required (308-327). Each time the temperature
difference is changed the second and third steps are repeated. Only
when the wind speed is changed is the first step repeated in addition.
3.6. One further approximation is made in the programme which has
not been discussed. The stairwell pressure in the final analysis is
set to the mean wind-induced corridor pressure and the flow rates into
and out of the stairwell are not balanced by the programme. However the
stack pressures are calculated from the estimated neutral zone heighf so
that the stack induced ventilation through the staircase would be
balanced (paragraph 3.5.). As these ventilation forces are likely to
produce the major part of the vertical air movement it was decided that

the added accuracy which might be achieved in balancing the stairwell

air flow system would not justify the increase in computing time required.
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Figure 2. Typical plan forms suitable for analysis by
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Appendix Al A print-out of the Digital Analogue Programme

Developed to Determine Building Ventilation

Rates

The following are the major abbreviations used in the programme:

N(J) Number of rooms on floor J

M Room number

K Number of floors in building

J Floor number

FLTOFL Floor to floor height, m

HT Building height, m

WINDMET Meteorological wind speed, m/s, at 10 m height in

open country

WIND Site wind speed, at building roof height, m/s

TDIFF Interior/exterior temperature difference, °c

SP Pressures generated by stack effect, mm.wg./m/oC
VE(J,M) or Volumetric flow rate through the external opening in
VEI(J,M) room M, floor J, m3/hr

PDE(J,M) or Pressure difference acting across the externmal

PDEI (J,M) opening in room M, floor J, mm.wg

PCOEFEE (J,M) Pressure difference acting across the external

opening in room M, floor J, expressed as a pressure
coefficient

CLI(J,M) Total leakage coefficient for the external opening
in room M, floor J, m3/hr/mm.wgl/n

ZI1(J,M) Reciprocal of the flow exponent for the external
opening in room M, floor J

PE(J,M) External pressure outside room M, floor J, caused by
the wind speed, mm.wg

CE(J,M) External pressure outside room M, floor J, caused by

the wind, expressed as a pressure coefficient
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vC(J,M) or

VCI(J,M)

PDC(J,M) or

PDCI (J,M)

PCOEFFC (J,M)

cL2(J,M)

z2(J,M)

VSTAIR(J)

PSTAIR(J)

CLS(J)

zs(J)

PDCS (J)

PC(J)

ZTOTVENT

ZINFILT

ZAVVENT

ZSTDEV

relative to the free stream wind speed at the

building roof height

Volumetric flow rate through the in#ernal opening
in room M, floor J, m3/hr

Pressure difference acting across the internal
opening in room M, floor J, m3/hr

Pressure difference acting across thé internal
opening in room M, floor J, expressed as a pressure
coefficient

Total leakage coefficient for the internal opening
in room M, floor J, m?'/hr/mm.wgl/n

Reciproval of the flow exponent for the internal
opening in room M, floor J

Volumetric flow rate through the corridor/stairwell
opening, floor J, m3/hr

Pressure difference in the stairwell, mm.wg

Total leakage coefficient for the corridor/stairwell
opening, m?'/hr/rnm.wgl/n

Reciprocal of flow exponent for the corridor/
stairwell oéening, floor J.

Pressure difference acting across the corridor/
stairwell opening, floor J, mm.wg

éorridor pressure, floor J, mm.wg

Sum of ventilation rates for all rooms, m3/hr
Sum of ventilation rates for all rooms where the flow
direction is into the building, m3/hr

Average room ventilation rate, m3/hr

Standard deviation of all room ventilation rates, m3/hr
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Appendix Al Digital analogue progamme to determine natural ventilation in buldings.

Line. Column.
10 20 30 40 50 60 70 80
IRERRERER N RN RN AR R R R RN R RN R RN AR RN R NN R R R RN A ORI RN

1 .

2 JOB RTSVENT4, 18078T5C, BILSROROW

3 FORTRAN 1, CRO(BTSVENT4LPROG),CRI(BTSVENTLDATA),500,5000

4 * oW

S DOCUMEN BTSVENTA4PRUG

6 PROGRAM(BTSV18078BTSC) ;
7 "14PUT 1=CRO

8 OUTPUT 2=LPO

9 L END '
10

11 MASTER VENTPLOTS

12 € THE 2ROGRAM COMPUTE: VENTILATVION RATES AND PRESSURES BASFND 0N THE

13 C EQUATION FOR FLOWU THROUGH AN ORIFICE V=CL « ((PD) #*% 1/2)

14 C EYTHER FOR AN ARRAY OF CLIMATIC VARIABLES OF VALUE!

15 C WIND SPEED 0.001 1.0 2.0 4.0 6.0 8.0 TEMP DIFF 0.0 8.0 16.0 24.0
16 C WHERE INITIAL VALUES SHOULD GE 0.00%1 m/S. AND 8,0 DC.

17 C OR FUR ANY SPECIFIC CASE WHE:E THE VAIUES OF THE VARIABLFS ARF NOT

18 C ANY JOF THOSE OCCURRIHNG IM TH: CLIMATIC ARRAY
19 C
20 c INDEPENDENT FLNOR BY FLOOR ANALYSIS GIVING PC(.)
21 C
22 ¢ N(J) 1S NO, OF ROUMS UN F_O0O0R J M 1S ROOM NUMBRER
23 C K IS NO, OF FLNORS J 1S FLOOR NUMRER
24 [« VE OR VE1 IS VOLIME FLOW (MH, FROM EXTFRIOR TO ROOM M
25 C Vo OR VC1 1S VOLVUME FLOW ZMH, FROM ROOM M TO CORRINOR
26 o V3TAIR 1S VOLUME FLOW RATC CMH. FROM STAIR TO CORRIDOR
27 C PE ]S EXTERNAL PYESSURF Mi1,WG., OUTSIDE ROOM M

23 ¢ Ce 1S PRESSURE COEFFICTIEN: OUTSIDE ROOM M

2Y C PDE OR PDE1 1S PRESSURF D.FFERENCE MM, WG, FROM EXTERINR TO ROOM M
30 C PCOEFFE IS PRESSJURF DIFFELENCE FRuUM OQUTSIDF TO ROOM M
31 C 11 PRESSURE COEFFICIENT FURM

32 c . Pne OR PDCY1 IS PRESSUKF DIFFERENCE MM WG, FROM ROOM M TO CNRRINOR

35 C PCOEFFC 1S PRESSURF DIFFERFNCE ROOM M TO CORRINDOR

34 C 14 PRESSURE COFFFICIENT FURM

35 c pC IS PRESSURE IN CORRIDO.: MMuG,

36 m PSTAIR OR PSTATRY 1S PRES_URE IN STAIRWELL MMuYG,

Pt ettt e et ettt e e e i rrrrTrITe r e e
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Appendix Al
Line,

37
34
39
40
41

42
43
44
45
46
47
43
49
50
N
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
63
69
70
71

72

Column.

Digtal analogue progamme to determine natural  ventilaton in buildings.
10 20 30 40 50 60 70 80

_____________________________________________________________________~__________~

C

101

102
41

40

104
103

45
L4
105
106
107

47

PnCS OR PDCST 1S PRESSURE DIFFERENCE MMWG, BETWEEN CORRIDNOR AND STAIR
DIMENSTON <mAAO~NOv-VCmAaO.NOv-VUﬁAaO~NOu.<ﬁAJD-NCu.Uﬂ~a3-va
DIMENSTON VE1(¢(10.20),»nE1¢10,20).PNC1¢10,20),ve1¢10,20).cFC10,20)
D(MENSTON Z1C¢10,20),C1¢10,20),22¢10,20),C12¢10,20),pPC(10).NC10)
DIMENSION PSTATIR(10),VSTA{RC10).CLSC10),25(¢10).,PDCS(10)

DIMENSION PSTATIR1(10),PDC51C¢10),PCOEFFF(10,20).PCOEFFC(10,20)
READ(1,101)«x
READC1,104)FLTOFL
Hr=FLTOFL#*K
FURMAT(12)
DI bQ LNJ-X
READ(1.,101)NCJ) ’
DU 41 M=1,N(J)
READ(1. Aomvnraﬂg.:v.nrmhg M), 21CJ,M),22CJ M)
FORMAT(4F0.0)
CIONTINUE
READ(1., aouvnrmagu.Nwﬁgu
CINTINUE
READC(Y1,104) (CCECH M), H=1,1Cd)),J=1,K)
FIORMAT(200F0, 0
READ(1,103)WINDMFT,TDIFF
FIRMAT(2F0.0)
DO &b J=1,K )
WRITE(2,105)J,CLS(I),2S5¢CJ)
WRITE(2,106)
D) 45 M=1,N(J)
WRITE(2,107)CECI I ,CLICI, M), CL2CJ, M), 29(J:M),722C4,M)
CINTINUE
FIRMAT(1HO,10HFLOOR NOD.=,(2,10X,4HCLS=,F6.1.5X,3H7S=,F5.2)
FIRMAT(20X,2HPE+ 10Xy 3dCLT 10X, 3HCL?2+10X+2HZ1+10X:2HZ2)
FIRMAT(20X , Fb.2,AX+F7.146+F7.1,8%4.F4.,2,8X.F&, 2)
WINDSWINDMET#1,.62%((HT/500,.0)%x%0,33)
PCTOT=0.,0
D) &0 J=1,K
DY &7 M=1,N(J) :
PECJsMI=SCECIHI*D, 0624%UT.(DXWIND

IR RN RN AR RN RN R AR RN R R NN RN R N RN RN R AN R AU SRR RN R




Appendix Al Digtal analogue progamme to determine natural  ventilation in  buildings.

Line, Column.
0 20 30 40 50 60 70 80
N IR R RN NN AR RN RN AR R RN RN IRRA RN EEERERE AR R ER RN RERE
73 L6 CONTINUE
74 D! NO J=1,%
75 CvCLE=1.0
76 PETOT=0.,0
77 D) 18 M=1,N(J),
75 18 PETOT=PFTYOT+PE(J.I1)
79 PEAVG=PFTOT/NCJ)
80 0. 27 M=1,N(J)
81 PDE(J M)=(PF(J,MY=PEAVYG) /2.0
82 i PDCCJ,M)S(PE(J . MY=PEAVG) /.0 .
83 IFCPDECJI M) . EQ.0.0)PDECJ,(1)=20.01
84 IF(POC(J,M) . EQ.0.0YPDC(J,:1=0_01
85 27 CINTINUE
86 17 ALIMI=PDEC(J 1)
87 ALIM2=PDE(J,NC(J))
83 p) 11 M=1.,NWJ) _
89 1F(PDECI M), GE.O0 OYVE(J My=CLAGI. D (PNPE(I M) *x(1/21C1. M)
90 LFCPOECI MY, LT.0.0YVE(I,Mz=CLIC(J, M) ¥
91 1 CCABS(RDECI,MY) ) %> (1/21(C14M))) '
92 IFC(PDCCJI M), GE.O.QIVC (I ,M,=CL2CI MY (PDCCI M) *w(1/22C1. MY
93 i1 1FC(PDCCI M) LT, 0.0)VC(I M,==CL2CJ, M)W
94 | (CABS(PDC(J,M)) uw(1/22(C1,M)))
95 20 D) 12 M=1,N(J)
96 VEWI MY=(VE(J  M)+VC (I, M),/ 2,0 .
97 12 VECJ e MISVE (S ID
94 H=0,0 v
9y DY 23 M=1,N(J)
100 23 H=H+VC (J M)
101 D) 19 M=1,N(J)
102 19 VS eMISVC (I, D =/NCY)
103 ~1FCABSCABS(VCCI,1))=ABS(VI(J,1))) GT.
104 1 (ABS(VC(J,1)/710000,0)))u0 TO 20
105 © D) 13 M=1NY)
106 IFCVECI M) ,GE O 0)PDECS M, =(VECI DN /CLICI M) > 2T (0, M)
107 TFC(VECI M) LT 0,0)PDECT,M)==CC(ARSIVECI,MI)/CLTICI MYy *d71 00, M)
.108 IF(VC(I M) . GE,0,0)PDCCI M, =(VCCIN/CL2CI M) *2Z20J, M)

___q__Aq__—ﬂ_ﬂfﬁq~_—___a_—_______________;IZ;JJ_____e;;4++d__+________.__f_______



Appendix Al

Digital analogue progamme to determine natural  ventiation in  buidings.

Line, Column.
10 20 30 40 50 60 70 80

. N R R R AR R R R R R R RN AR RN R RN
109 13 FACGVCCI M) LT, 0,0)PDCCU M ==CeC(ABSINCCI,MII)/CI2CI  MYYe+22(Jd, M)

110 DJ 14 M=1,N(J)/2

111 FI=PDECIJ MY+PDCC . ,M)=PDCCL s NCUI/2+M)=PRECI . NCJI/2+M)

112 F2=PE(J/ M)=PECI,N(J)/2+N)

113 IFCF1.EN.0.0)F1=F1+0,001

14 TF(PECI, M)=PECY,1CI)/2+4M) 021,22, 21

1S 22 PAECI s MI=PRF(I MY =FYI%pDEC, M)/ CCPOF(J . MISPDCC(I . M)I%2.0) !
116 PDCCI,MI=PDCCU MY=FA1#pDCC(, MY/ ((PHFCJ,MI+PNCCI. M) R2 )

117 PDCCI/NCI)/2+4ID=0DCCI  NCI /241D +F1+PDCII,NCI)/2+M)/

118 1 ((PDECI NCIY /2% D)+PDCCI, N (J)/2+M))*2_0)

W19 PDECJI/NCII/2+4ID=0DECI NCJ, /2451 +F1+PDECIAN(II/D+M)/

120 | CCPDECH,NCI)/2+iDD+PDCCI,NCI)/2+M)) 2. 0)

121 G) TO 24

122 21 F=F2/F1

123 PPDECJ,M)=PDF(J . M)*F

124 PDC(JMI)=PDCCJ ,M)*F

125 POCCJI 4 NCJI/2+ID)=DC(I,NCJ,/2+11) *F

126 PDECJ,NCII/2+ID=DPDECI N(J)/2+11) *F

127 24 CIONTINUE

128 14 CINTINUE -
129 D) 15 M=1,N(J)=1

130 G (PECJ M)=PDE(J . ID=PDC(J M)=PE(JI ,M+1)+PDECI , M+1)+PDC (I, M+1))/2_0

131 POECIsMIZPDF(J, M +G*POFEC(J, M)/ (PDE(CI,M)+PDCCU+M))

132 PACCI,MI=PDCCI, MY+GHPDC(J, M)/ (PDE (I ,M)Y+PDCC(J . M))

133 PICCI M+ )=PDC(J M+ 1) =G*PLCCI, M+1)/(PDO(S , M+1)+PDFE (I, M+1))

134 15 POECI ,M+1)=PDE(J M*+1)=G*PLECI,M+1)7(PDC(I , M+1)+PDECI . M+1))

135 CYCLE=CYCLE+1.0

136 IFCCYCLE,GT.50.5) G0 To 319

137 1+ CABS(ALIMI=PDECJ,1)).LT.ABS(PDEC(.1,1)/1000.0)3G60 TO 16

138 o_ TO0 17

139 16 F(ABSC(ALIMZ~ vcmAL~zﬂgvvv LT. >wm~.:mﬁg N(JII/ZT100D_.0)H)YG0 TN 28

140 o. T0 17

1461 31 WIITE(2,108)

1462 108 FIRMAT(1H1,30HCURKENT VALIJFS AFTER 50 CYCLES)

1463 28 vrAgVnAAoma_.aunucmﬁg )=, DCC, 1))+ (PECI,NCJI))
r;bb 1 «PDECJ . NCJ))=PD (I, N(JI)I))/2.0

______ﬁ___*_ﬁﬂ____________________________________________________AJ_A___________



Appendix Al

Digtal analogue progamme to determine natural  ventlation in buildings.

Line, Colurmn.
0 20 30 40 50 60 0 80
. IR R AR R R RN AR RN R R R NN R AR R R RN NN RN RN R RN NN EEER IR N EAEEE
145 PCYOT=PCTOT+PC(J) ,
146 PCAVG=PCTOT/K
147 D) 30 M=1,N(J)
1443 VEY(J,M)SVE(J M)
149 PUE1CJ,M)=PDPECI, ™)
150 poC1¢J . MY=pPDCCI, M)
151 30 VEC1¢Jd MY=VC(J M)
152 29 CUNTINUE .
155 c
154 C
155 c CALCULATION OF NFUTRAL Z2O0:E HEIGHY
156 c
157 218 Z4=HT/2.0
158 Sp=0,0044+*TDIFF
159 01211 J=1.,K
160 211 PSTATR(J)I==(ZN=((J=1)«FLTIFL)=1,0)=SpP
161 VsTO0T=0.,0
163 IFC(PSTAIR(JI).GF,. O, 0IVSTATLCI)=CLSCIIR(PSTAIR(JYW*(1/7Q¢JI)))
164 TF(PSTATR(I) ,LT. 0, 0)VSTAL . (J)==CLS(J)*#CABS(PSTATIR(JII*4+(1/7S5(J)))
165 212 V3TOT=VSTOT+VSTATR(J)
166 IFC(VSTOT)IZ240,299,242
167 240 ZN=ZN-(HT/500.0)
163 - D) 213 J=1,K
169 213 PSTAIR(J)I==(ZN=((J=1)*FLTIFLY=~1,0)eSP
170 VsTOT=0,0
171 DJ 214 J=1,K
172 TFC(PSTATIRC(I).GE,O0,0)VSTATR(JI)=CLS(I)*(PSTATR(JIY**(1/7S(¢J)))
173 IFCPSTAIR(II LT, O, 0)VSTAL L (J)==CLSCJYXCABSC(PSTATR(III«»(4/7SCIV))
174 214 VSTOT=VSTOT+VSTATR(J)
175 1FCVSTNT)240,209.243 )
176 243 Z4=2N+(HT/1000.0)
\77 G) TO 299
178 242 ZN=SZN+(HT/500,0)
179 D) 215 J=1,«
1890 215 PATATR(I)==(Z2H=((J=1)xFLTFL)=1,0)2SpP
T T T IO O T T e b vy T re o i e e PO T e e



Appendix Al

Line,

181
182
183
184
185
186
187
1838
189
190
191
192
193
194
195
196
197
198
199
200
201
¢02
<03
204
205
206
207
203
209
210
211
212
213
214
215
216

Column.

Digtal analogue progumme to determine natural  ventilation in  buldings.
10 20 30 40 50 60 70 80

Chrrrrrrrerrrrreerer i errbrererrrrree b et rerrereerrrerrr b rrrer v el

216
244
299

217

219

OO OO

399

340
338

VsTuT=0.0

D) N._O J=1,X
IF(PSTAIR(J),GF, 0 _0IVSTAL.:(J)=CLS(I)*(PSTAIR(JI**(1/728(JHY))
IF(PSTAIR(I) LT O, 0IVSTATA(J)==CL5(JI)*(ABSCPSTAIR(II)**(1/75¢J)))
V3TOT=VSTOT+VSTATR(J)

IFCVSTOT) 244,209,242 :

Z4S2ZN=(HT/1000.0)

G) TO 299

D) 217 J=1,K

PCCJI=PCCIY+(ZN=((J=1)*FLiOFL)=1.0)*5P

PSTAIR(JI=PCAVG '

DJ 229 J=% . K

D} 219 M=1,N(J)

PECIsMISPE(J D+ (ZN=((J=1)*FLTOFL)=1.,0)*SP

CINTINUE

CALCULATION OF CONBINED VINTILATION

DU 320 J=1.,K

PSTAIRY1(J)=PSTALIR(J)

PPCSCJ)=PSTAIR1(J)=PC(J)

DENOM=10.0

PCCJI=PCC(J)+PDCS(J)/DENOHM

PDCS1(CJ)SPSTAIRTI(JYI=PC(J)

DY 321 M=1,N(J)

PPEYCI MYSC(PDECI .M/ C(PDECY  M)+PDC (I, M)))S(PECI,M)=PC (1))
RATIO=PDET(J,I)/PDF(J,M)

IFCRATIO,LT.0.0)G0 TO 340

PUCTCI MIZPNCCI, M) *(RATIO % (22C¢dt1N/2Z21¢(J1M)))

G) TO 338

PHCIC(I s M)==(PDCC I, M) *(CABSCRATIO) )+ %(Z22CJ M)/ 2Z29CJ, M)
PIE1CIMI=(PDETCI, M)/ C(PDETCJ,t)+PDCYI (I . MINI*(PF(J . M)=p(J))
RATIO=PDET(J,I1/DDF(J, M)

I1F(RATIO,LT.0.0)G) TO 341

PPCICJ MISPOCCI M) *(RATIO«%(22CJ,t10/21¢J M)

LT b e R b e b e e i L b rrrrTT T e T e
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Appendix Al Digtal analogue  progamme to determine natural  ventiation in  buildings.
Line. Column.
10 20 30 40 50 60 70 80
e A R RN R R RN RN RN NN RN AR RN IR N RN
217 G TO 342
. <13 341 v:ngA;.3vu|nvcnh;.zu*ﬂA>mcﬁx>4~ovvt»nNmAg.zv\NaAg.zvvuv
219 342 CINTINUE
220 IF(PDET(J,M),GF,0,0)G) TO 322
21 <maAg.3vu|nrJA;.zvtnnbmmAtomgAL.ZVJVrtag\NaAg.zvvv
222 Gy TO 323 ¢
<23 322 VET(I MI=CLI G MY % (PDEAT (S M) *x(1/Z9CJ,M)))
2246 323 IF(PDCT1(J, M) ,GF,0,0)G0 TO 324
225 VCTW /M) ==CL2CJ M) * (CABS(DC1(J,M)))wa(1/22(J,M)))
226 G) TO 325
cert 324 VT (I M) =CL2CJ , MY % (PDCICI M) %% (1/22(J,M)))
23 325 VET (I, M) =(VET I, M) +VE1(J,iN) /2.0
229 321 Vel M)=sVEL I, 1) ~
230 D) 326 M=1,N(J)
¢31 IF (VE1(J,M),GF,0,0)G60 TO 327
232 PDEY(J,M)==CCCABSCVET (I, MID)/CLICI M) **Z](J M))
233 G) TO0 328

234 327 PDEVICIMISCVET (I HI/ZCLICI M) ) ww21 (o M)
235 328 I1F(VC1(J,M).GE.0.0)G0 TO 329

236 PNC1 (I MI==CCCABSCVCTI (I, MY/ CL2Cy  MYYw®Z22(d, 1))
237 G TO 326

2338 329 PDCICI MI=(VCTI (I I /CL2CI MY)*%Z22 (.1 sM)

239 326 C INTINUE

240 Wwror=0.0 .

241 Dy 330 M=1,N(J)

262 330 WIOT=WTOT+VEL (), 1)

243 TF(PDCST1CI).GE.0.0)G0 TO 331

244 VS3TAIR(II==CLS (I * (CABS(PICST(I))) %% (1/2SC0)))

245 6) TO 332

246 331 VSTATR(JI=CLS(JI) #(PDCSTI(J %% (1/25(¢1)))

¢4’ 332 CINTINUE

248 WIOT=WTOT+VSTAIR(Y)

249 IF(PDCS(J) .GE,ND. N AND.UTD{,.GF_.N.0)G0 TN 399

250 . JF(PDCS(I) LT, 0,0 AND . WTO/.LT.0,.0)G0 TN 399

251 PC(JI=PC(I)=PDCS(J)/DENOM

252 1F(DENOM ,GE . 999 ,0)GO 10 3:8
T LT T O R T T P TUTTTTETT R T
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Appendix Al

Line,

289
290
<91

292
293
294
295
296
297
298
299
300
301

302
303
504
305
3006
307
308
309
310
311

312
3513
514
3515
316
317
3138
319
320
321

322
323
3246

Column.

i
310

339
301

302
303
304

i305

306

307
308

e EaNeNe]

337

Digtal analogue progamme to  deterrmine  natural ventilation  in - buildings.,

0 20 30 40 50 60 70 80

IllllllIIIIIlIIIIIIIIIIlllllIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllllllll||
CINTINUE

WIITE(2,307)

D) 339 4=1,«

WITTE(2,308)J,VSTATR(J)PLTAIR(J),PC(J)

FIRMAT(1H1,224RESULTS FOR WINpD SPEFD,FS.2,

i 29HM/S.,  °TFHNPERATUR. DIFFER{“CF,FS,2,3HDC.)

FIRMAT(1HO,29UTOTAL INFILRAT{ON RATE, CMH.,21X,F8.2)

FIRMAT(1HO, 35HAVERAGE ROO!I VENTILATION RATE, CMH,,15X,.F8.2)

FIRMAT(1HO, 46HSTANDARD DE/N. OF RUOM VENTILATION RATES. CMH

1 LX,F8.,2)

FIRMAT(1HO,10HFLOOR ROOM, 55X, ZHVE(CMH) ,SX,7HPDECCP, ,5X ., IHMMY , 5X »
1 7HPDC(MM) ,9X,10HFLUOR ROUM,SX.7HVF(CHH) ,5X, 7KPDE(CP,,S5X, IHMM),
2 SX,7HPDC(MM))
FJRHAT(Ik.Bx.12:QX.FB.2:5::F5.2.3x.F7.3pSX.F7.3a9X.té.XX.I?,SX.
1 F8¢2:i54+F5.2+3X,F7.3,5X,F7.3)

FIRMAT(1HO,SHFILONOR,T10X,6HYSTAIR+:6X . 6HPSTAILIR, 12x.9HDCOpR1n0R)
FORMAT(I4,10X,F8.2,6X,F7,5:13%,F7.3%)

RECYCLING OF UYTND AND TEMPFRATURE VALUES

TOoIFF1=1000.0
1F(TDIFF.EN.0.0)TDIFF1=8,0
IF(TDIFF,.EQ,8,0)TDIFF1=16.0
IFCTDIFF.EQ 16, 0)TDIFF1=24,0
IF(TOIFF.EQ.24.0)GN Tu 337
TOIFF=TDIFFA

IFCTDIFF . EQ 8,0.7R.TDIFF,.:Q,16.0.00 . TDIFF,FN.24.0)G0 TO 218
WIND1=1000,0

THVFF=0.0

IFC(WINDMET FQ,N,N01)WINDT=1,00
TF(WINDMET ,EQ,1,00)UWINDT=2.00
IF(WINDMET  FQ.2.00)WIuDY=,.00
TF(WINDMET ,EQ, 4, 00YWINDT=5.00
IF(WINDMET  FR,6,0)WINDT1=3_.00
IF(WINDMET,FQ,8.00YG0 TO 400

PUPEEIE et eIy e e e b e bt e b b Crrre e b i rrrTTrTTe e e




Appendix Al Digtal andlogue progamme to delermine natural  ventlgtion in buldings.

Line. Column.
10 20 30 40 50 60 70 80
v _________________________________________________________________________________
325 W{NDMET=WIND1
326 IF(WINDMET ,FQ,1,00.0R WIN)OMET_EQ.2 00 NR, WIKDMFT.FQ.4.00)G0 TQ INA
327 IFC(WINDMET ,FQ.6.N0.0R_WINUMET . EQ.3 00)G0 TO &4 B
323 400 Srop
329 END
330 FINISH .
3314 Wk ok

__________________________________________________._____________,_._‘_Js:,.__________
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