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THE BERG CONDENSATION MODEL 

1. INTRODUCTION 

BERG has considerable experience in the modelling of the thermal 
performance of buildings. Recent work has involved programming of a 
comprehensive computer model which simulates the behaviour of an 
occupied building to determine the incidence of surface condensation. The 
model will be used primarily as a research tool which will ultimately lead 
to the development of appropriate design tools for architects and 
engineers. In the immediate future it will be utilized in a variety of 
situations, including: 

a) as a means of assessing the effects of various anti-condensation 
remedial measures applied to local authority dwellings (e.g. improved 
heating systems, insulation of external walls, double glazing, extract 
fans, etc.). 

b) to investigate the effects of ventilation modes on condensation risk 
(e.g. to study the implications of draught-stripping). 

c) to study the effect of various types of cold bridge on condensation risk 
in different types of building. 

d) to investigate the influence of the type of occupancy on dwelling 
condensation risk, particularly with regard to low income group 
occupants. 

<\a 
The use of a model such~ this has certain advantages over other 

types research in the field of condensation (particularly environmental 
monitoring of occupied dwellings) for a variety of reasons: 

i) gathering of data from occupied dweJlings is extremely resource 
intensive (BERG has considerable first hand experience of this). It is 
also extremely difficult to ensure .that: the data gathered is 
meaningful (e.g. in addition to monitored environmental conditions 
there is often insufficient information about the activities of · 
occupants). 

ii) processing of the data is fraught with difficulties and may take as 
long as the collection task itself. 

iii) it is necessary to monitor a large number of dwellings (over fairly long 
periods) for results to be statistically significant, due to the wide 
number of parameters involved in any single study. 

Nevertheless, a computer model can never be a complete substitute 
for experimental work which is necessary for the purposes of model 
validation. Experimental work also provides appropriate input data to the 
model and validates the theoreticaJ assumptions made therein. 

The computer implementation of the BERG model has the facility 
for choice between a number of simulation methods, particularly with 
regard to the variation of internal and external conditions: 
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A) steady-state. External conditions (e.g external temperature and 
relative humidity (RH), wind speed and direction) and conditions in the 
adjoining parts of the building are held constant; the program then 
calculates other variables over a sufficiently long period for 
steady-state to be reached. 

B) transient. External conditions of air temperature, RH, wind speed 
and direction are determined from hourly weather data (Cardington 
UK, lst April 1979 to 31st March 1980). Hourly values of other 
parameters such as heat and moisture input to the main zone are set 
by means of individual 24 hour profiles. The flow coefficients of 
openings between zones and to the outside are specified; orientation of 
the building is given, therefore, air flow through openings and extract 
fan may be calculated using a simple air-flow network model. 

C) Constant air change rate. The use of external wind speed and 
direction may be suppressed and ventilation determined by setting the 
wind pressure driving air from outside or from the adjoining occupied 
zone to a constant (IWPCON is set to l). 

The program requires the compilation, linking and execution of two 
FORTRAN files held on the "MOLE" mainframe computer (VAX 8600, VMS 
operating system) under user no. COOPERP: 

HUMID.FOR main program 
main data input SE TOA THUM.FOR 

In addition, the following data files are required:-

HUMIN.DAT short data file containing 
various parameters 

weather data 
T7980 
RH7980 
WS7980 
WD7980 

files:-
temperature (°C) 
relative humidity 
wind speed (knots) 
wind direction (degrees E of N) 

2. THE COMPUTER PROGRAM 

The HUMID.FOR file contains a number of subprograms:-

HUMID 
SETWAL 
ROOiv1 
VENT 
VAPRES 

GAUSS 

WIN DP 

main program 
intializes the finite difference wall model 
calculates conditions in the zone 
calculates air flow rates in dwelling 
calculates saturated vapour pressure at a given 
dry bulb temperature 
solution of a set of simultaneous equations by 
Gaussian eliminatton 
finds pressure across building due to wind 

2.1 Main program HUMID 

Fig. 2 shows a greatly simplified flow chart of program operation 
when using full transient analysis. 
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After input of required data and initilization of the wall model, 
thermal and moisture conditions in the main zone are calculated at periods 
of STEP seconds. Values of external conditions at each time step are 
interpolated from the immediately preceding and following hourly variable 
magnitudes (taken from the weather data files listed above). 

In the case of full transient calculations, variable magnitudes are 
printed to the output file, HOUT.DAT, at the end of each hour. In 
addition, there is a facility for printing results at every time step at the 
beginning of a moisture production period (e.g. during cooking) for greater 
detail under highly transient conditions. This printing is enabled by setting 
IHRON to l in the data file HUtvlIN.DAT (the number of time steps 
covered at the ti me of writing is 30) 

for steady-state program runs, data is only printed out once for 
each air change rate at the end of each respective calculation period of a 
given number (KAC) of days. The program automatically performs a 
number of these calculations for increasing air change rates, the 
magnitudes of which are held in the twelve element array ACCH. 

2.2 Calculation of air flow rates 

In regard of air flow modelling the building is treated in two stages: 
a) to find the pressure coefficients on the building, i.e. to calculate the 
pressure driving air through the main zone; b) to solve the air-flow 
resistance network model. 

a) Wind pressure across the building is calculated in subroutine WINDP 
from the interpolated hourly values of wind speed and direction. A very 
simple empirical approach is adopted where the pressure on the two 
opposite faces of building is calculated from data in th~ Air Infiltration 
Centre (AIC) Guide [ l ]. Essentially the wind direction angle normal to 
the left hand face of the building shown in Fig. 1 is considered as falling 
in one of eight sectors, see Fig. 3. The pressure coefficient is then set 
from the data in section 6.2 of the AIC Guide. 

b) Ventilation rates are then found using the subroutine VENT. This 
treats the building as a simple air-flow network as shown in Fig. 4. Air 
flows through crackage in the two outside building faces as shown in Fig. 
l and through the adjoining zone to/from the main zone. A positive wind 
pressure is taken as when the wind blows from left to right in fig. 1. 
The extract fan is modelled as a constant pressure source in series with a 
standard opening flow coefficient. The fan pressure is equivalent to the 
static pressure head quoted in manufacturer's data. The flow coefficient 
may tl1en be determined from the extract capacity, i.e.: 

flow coefficient, XKA v = extract capacity 
(fan pressure) 

Using techniques outlined in the AIC Guide, air flow rates are 
calculated using flow coefficients XKAV above and XKAl, XKA3 for 
crackage/openings in the building. These are input from the data file 
HU1v1IN.DAT. Data on these coefficients for a variety of building openings 
are given in section 6.3 of the AIC Guide. Air-flow directions (i.e. of Ql, 
Q3 and VEN) are as shown in Fig.s l and 4. The network solution is then 
found assuming that flow rate through all openings is proportional to the 
square root of pressure difference across the opening (a commonly used 
approximation). [Note: the network model solved in VENT differs slightly 
from that shown in fig.s l and 3 in that Q3 is taken as positive for flow 
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from inside to outside, thus the sign of Q3 is reversed upon return to the 
main program to preserve the notation given in this paper]. 

2.3 Room conditions 

The core of the model lies in the subroutine ROOM which 
determines the air temperature and vapour pressure in the main zone at 

;; 
each time step. Several separate -functions are performed: 

i) finite difference analysis of external wall temperature 
ii) determination of glass surface temperature 
iii) condensation rates on wall and glass 
iv) heat balance calculation to find air temperature 
v) vapour pressure in main zone 

Fig. 5 summarizes the network model of heat production and flow as 
used in the analysis below. 

i) Wall temperature. 

To take account of transient conditions, the temperature distribution 
through the external wall is modelled by a one-dimensional transient finite 
difference technique. The wall is divided into NELEM-1 slabs and NELEM 
nodes, two nodes being positioned on the inside and outside surfaces. An 
"implicit" (Crank Nicholson) formulation of the problem is employed, i.e. 
all the available results for node temperatures of the latest time step are 
used to calculate the temperatures of remaining nodes. A very helpful 
treatment of numerical methods for temperature distribution problems may 
be found in Bayley et al [ 2]; chapter 4 is particularly relevant to the 
present case. 

Node temperatures are held in the array TL Y(NELEM,2) where the 
second column of the array is designed to hold the temperatures of a 
different wall type (not yet · implemented). Element TL Y(l, 1) corresponds 
to the inside wall surface and TL Y(NELEM, l) to the outside surface node. 
At any given time step the new temperature distribution is required and 
the node temperatures are calculated progressing from node l to node 
NELEM. The temperatures of nodes in the interior of the wall are related 
by the following expression: 

2.(TL Y(I)n- TL Y(l)0 )/F = TL Y(I-l)n - 2. TL Y(I)n + TL Y(I+ On 
(l) 

+ TL Y(l-1)0 - 2. TL Y(I)0 + TL Y(I+ 1)0 

where I is the node in question and the subscripts n and 0 refer to 
latest and previously calculated values of node temperature (only one wall 
type is considered for simplicity, thus, the array TL Y is treated as a 
column vector). F is the Fourier Number given by: 

F = STEPxKl /(ROCPxDl 2) 

where the variables on the left hand side of the equation may be 
found in the variable list in section 3 below. The treatment of nodes on 
the external surfaces of the wall is slightly different in that the boundary 
conditions (i.e a surface heat transfer coefficient) must be taken into 
account (as detailed in [ 2] ). Thus, the outer slabs of material are taken 
to have half the thickness of those in the interior of the wall. In 
addition, condensation or evaporation may occur on the interior surface of 
the wall leading to the requirement that the latent heat of vaporization or 
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condensation be included in the thermodynamic model of the wall surface. 
Hence, the relationship between nodes adjacent to the internal wall surface 
temperature is written as: 

- 2.F.B.TAn + (l+F.(l+B)).TLY(l)n - F.TLY(2)n 

= F.B.TA0 + (l-F.(l+B)).TLY(l)0 + F.TLY(2)0 (2) 

+ 2.QLATW/(Dl.ROCP) 

where QLATW is the latent heat input to the wall, TA is the 
internal bulk air temperature and B is the Biot Number given by: 

B = (surface heat transfer coefficient).Dl/Kl 

A similar expression is used for the external wall surface 
temperature. The solution to the whole wall temperature distribution is 
then a matter of solving the set of simultaneous equations relating the old 
and new node temperatures. This is formulated by the matrix equation: 

[AJ.tTLY} = 1BJ (3) 

where: !TL Y~ is the column vector holding the new node 
temperatures; [B} is that holding the old values; the NELEMxNELE!\.1 
matrix [A] contains the coefficients linking the two as determined by 
equations (!) and (2). Equation (3) is then solved by Gaussian elimination 
using the subroutine GAUSS. Note: in the calculation of wall surface 
temperature the rate of condensation (and hence QLA TW) used relates to 
the previous time step. An improvement to the code would involve an 
iterative calculation method to find the condensation rate and wall 
temperatures simultaneously. 

The implicit Crank Nicholson technique is rather more 
mathematically complex than "explicit" formulations where only "old" (i.e. 
explicitly known) node temperatures are used to calculate new values. 
However, it has the advantage that significantly longer time steps may be 
used between calculations without causing stability problems in the 
solution. Nevertheless, there remains a (higher) upper limit to the time 
step, and a number of checks are made in the subroutine ROOM to ensure 
that this limit is not exceeded. 

ii) Glazing heat loss and condensation 

The heat loss and condensation rate on the external glazing is 
calculated on a steady-state basis using standard internal and external heat 
transfer coefficients. There is an option as to whether windows are sin)Sly 
or double glazed. 

iii) Condensation and evaporation. 

Condensation/evaporation rates on the wall are calculated using the 
"Lewis" relationship which quantifies the relation between heat and mass 
convection coefficients. This is quoted in the ASHRAE Handbook as [ 3]: 
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where h is the heat transfer coefficient, hd is the mass transfer 
coefficient, p is the density of the air and Cp is its specific heat capacity. 

To compute the rate of condensation on a surface one therefore 
requires the driving vapour pressure difference between the bulk air in the 
room and that at the surface itself. If condensation or evaporation is 
taking place water will be present on the wall and the air immediately 
adjacent to that surface will be saturated. The vapour psessure at this 
point will then be the saturated vapour pressure (VPS) for the current wall 
surface temperature. The rate of condensation or evaporation on the total 
wall surface, MVAPW, is then: 

MVAPW = ho.AW(VP-VPS)M/(R. Tm) 

where A \V is the wall area, VP bulk air vapour pressure (in Pa), M 
is the molecular weight of air, R the universal gas constant and Tm the 
mean absolute temperature of the bulk air and air at the surface. It is 
then a simple matter to calculate the latent heat input/loss per unit area 
to the wall, QLATW, from the latent heat of water. 

The condensation rate on glazing is calculated in the same way as for 
the wall. 

iv) Zone heat balance 

The network used for solving for the zone air temperature at the 
new time is shown in Fig. 5. It should be noted that no thermal capacity 
is included in the system other than that implicitly present in the finite 
difference model of the external wall (this should be addressed at the 
ear lie st opportunity). The resultant air temperature is then found by one 
single calculation. Only the adjoining zone (with air temperature of TA2) 
has a ventilation connection with the main zone. The other zones have 
thermal transmission through walls or floors. The temperatures in the 
surrounding zones and the vapour pressure in the adjoining zone are 
assigned 24 hour profiles by means of the four 24 element arrays T A2X, 
TA3X, TA4X and VP2X, respectively. A similar approach is used to 
deter mine hourly heat and moisture inputs to the main zone. 

v) Vapour pressure 

The vapour pressure in the main zone at each 
determined by a simple moisture balance calculation. 
convected in and out of the zone through crackage and the 
is produced by the occupants and their activities; and it 
evaporates to/from the external wall and window surfaces. 

3. VARIABLE LIST FOR PROGRAM HUMID 

A(ll, 11) 
A2 
A3 
A4 
ACH 

used for finite difference analysis 
area of wall between main zone and zone 2 

•• 3 
.. 3 

air change rate under steady-state conditions 
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ACR 
AG 
AW 

8(11) 
BI, BO 

CHJJ, CHKK 
CONG 
CONW 

Dl, 02 

DGH 

EXVP 

F 
FP 
FPl 

HCW 
HCO 
HRG 
HRW 
HRO 

IACH 

I CODE 
IDAY 
IDG 
IHRON 

IITT 
IJK 
IRH0(24) 
ITAA0(24) 
IWD(24) 
IWS(24) 
!START 
ITTT 
IWPCON 

J 
JAC 

K 
Kl 

air change rate in main zone 
area of glazed surface 
area of outside wall 

used in finite difference analysis 
Biot Numbers (on inside and outside of wall) - for 
finite difference model 

check that time step is small enough for f.d. calc 
amount of condensate on glass (kg) 
amount of condensate on external wall surface (kg) 

distances between nodes in materials 1 and 2 in finite 
difference model of wall (m) 
thermal conductance of glass and air-gap in 
double glazing (W/m2K) 
excess vapour pressure; inside-to-outside (mbar) 

Fourier Number - for finite difference model 
fan pressure (Pa) 
0 - fan is off; 1- fan is on 

internal heat transfer coefficient on wall (W /m2K) 
external heat transfer coefficient on wall (W/m2K) 
radiative HTC from glass (W /m2K) 
radiative HTC on inside of wall (W /m2K) 
radiative HTC on outside of wall (W /m2K) 

when = 1 program calculates steady-state conditions 
for a series of air change rates (see ACCH) 
title of run to be output to header of HOUT.DAT 
present day number (from start of run) 
0 for single glazed zone; l for double glazing. 
0 normally set to 1 for detailed printout 
at start of moisture input periods 
time of previous hour 
number of present time step in present hour 
array for input of 24hrs external RH data 
array for input of 24hrs external temperature data 
array for input of 24hrs wind pressure data 
array for input of 24hrs wind direction data 
start day (from 1st April) of run (0-365) 
present time in hours 
set to 1 for constant wind pressure on building 

counter; hour of the day 
counter; sets air change rate see ACCH(l 2) 

counter; day number 
thermal conductivity of wall material 1 (W/mK) 
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K2 
KAC 

MVAPO, MVAP2 
MVAPOl 

MVCK 
MVAPCK 
MVAPG 
MVAPW 

NUM 
NE LEM 

Ql 
Q3 
QFI(24) 
QfIREN 
QLATG 
QLATW 

RH 
RHSET 
RHSURF 
ROCP 

STEP 

TA 
TAO 
TA! 
TA2 
TA2X(24) 
TA3X(24) 
TAltX(24) 
TAO! 
TA02 
TG 
TL Y(2, 11) 

T1v!VO, TMV2, 
TM VEN 

TS 
TS LOP 
TW 

U2 
U3 
Ult 

VEN 

thermal conductivity of wall material 2 (W /mK) 
number of days duration of program run 

moisture migration during one time step 
notation as for TMVO, TMV2 and TMVEN 
rate of moisture production 

ditto 
mass rate of condensation on glass (kg/s) 
mass rate -of condensation on external wall (kg/s) 

number of time steps per hour (3600/step) 
no of nodes in finite difference wall model 

air flow rate from adjoining zone to main zone (m3 /s) 
air flow rate from outside to main zone (m3 /s) 
array holding profile of heat input to main zone ( W) 
heat input to main zone (W) 
latent heat input/unit area to glass surface (W/m2) 
latent heat input/unit area to wall surface (W /m2) 

relative humidity in main room (96) 
set point of humidity controlled extract fan 
RH at wall surface (%) 
density X specific heat of material of wall (J/m3K) 

no. of seconds between calculation steps 

air temp in main zone (used in subroutine ROOM) 
outside air temp. (°C) 
air temp. of main zone - only in subroutine ROOtvl (°C) 
temp. in zone 2 (°C) 
temperature profile in zone 2 
temperature profile in zone 3 
temperature profile in zone 4 
old hourly value of outside air temp. (°C) 
latest hourly value of outside air temp. (°C) 
internal surface temperature of glazing (°C) 
array holding temp.s of nodes in the finite difference 
wall model, there can be two wall types i.e. plane and 
cold bridge walls 

hourly totals of moisture flowing through openings; 
adjoining zone to main zone; main zone to outside; 
and through extract fan, respectively (kg). 
inside wall surface temperature (°C) 
variable for interpolation of external temp. 
internal surface temperature of wall (°C) 

U-value of wall between main zone and zone 2 (W /m2K) 
U-value of wall between main zone and zone 2 (W/m2K) 
U-value of wall between main zone and zone 2 (W /m2K) 

air flow through extract fan (m3/s) 
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VOL 

VP 
VPO 
VPOl 
VP02 
VPS 
VPW 
VS LOP 

WP 
WP MIN 

WD 
WDl 
WD2 
WDSLOP 
WSl 
WS2 
WSSLOP 

XKAl 

XKA3 
XKAV 
XMCO(l2) 

XORIEN 
XRHO 
XTO 
XWD 
xws 

4. 

volume of main zone (m3) 

vapour pressure in main zone (mbar) 
external vapour press (mbar) 
old outside hourly vapour pressure (mbar) 
latest outside hourly vapour pressure (mbar) 
saturated vapour pressure 
saturated vp at wall surface (rnbar) 
variable> for interpolation of external vapour press. 

wind pressure (constant value) (Pa) 
min. wind pressure to ensure ventilation rate 
greater than min. when wind speed is low, i.e. to 
account for bouyancy . 
wind direction (degrees E of N) 
old hour ly wind di rection (degrees) 
latest hourly wind direction (degrees) 
variable for interpolation of wind direction 
old hourly wind speed (m/s) 
latest hourly wind speed (m/s) 
variable for interpolation of wind spe ed 

effective flow coefficient for openings from main zone 
to adjoining zone in series with those from adjoining 
zone to outside 
flow coefficient from main zone to outside 
flow coefficient for the extract fan 
array holding required air change rates for 
steady-state calculations (per hour )s 
orientation of building (degrees E of N) 
constant external RH (%) 
constant external temperature (°C) 
constant wind direction (see IWPCON) (degrees) 
constant wind speed (see IWPCON) (m/s) 

LIMITATIONS OF THE BERG CONDENSATION MODEL 

The fo llowing is a br ief list of factors that are not dealt with by 
the model but which will be in effect in real buildings . So me of these 
c ould be dealt with a nd, give n sufficient resou rces (i .e . people and time), 
could easily be incorporated in the program. Othe r factors are very muc h 
more difficu lt to handle (e .g. how moisture is dis t rib uted in the air within 
a room, 10ca1 effects of draughts etc.). fndeed, a great deal more 
experimental and theoretical research is req ui red to deter mine their effects 
and their importance on condensation risk and occurrence. 

4.1 Air movement 

At present the model does not deal with: 

buoyancy effects, air movement is purely by forced convection. 

in reality, there is often a two-way air flow through large openings 
within the building and through its external envelope. 

- a ir flows down cold vertical surfaces ; often very rapidly. This has 
implicat ions for both hea t tr ansfe r and condensation or evaporation. As 
the war m a ir bot h c ools and accelerates, the convective heat transfer 
c oefficient wi ll change; part icularly with a transition from laminar to 
turbulent flow regimes . Similarly , a ir will absorb or lose moisture in a 
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condensation or evaporation situation - as it passes down a window 
pane, say. There is therefore a question against the accuracy of the 
heat and mass convection coefficients that apply in practice. 

at present air flows through the extract fan unit when the fan is not 
operating due to wind pressure (this simple because the programmer has 
not yet implemented spring loaded flaps in the code!). 

4.2 Condensation processes 

as condensation occurs on a vertical surface condensate forms in a 
dropwise fashion until it is forced by gravity to run down and off that 
surface. Thus, the surface area of the condensate is drastically 
reduced as it forms a pool at the bottem of the condensing area. 
Moreover, the liquid will be at a completely different temperature to 
the surface on which it condensed. The model takes no account of 
this. 

water is absorbed on many surfaces in a dwelling (e.g. walls). The 
exact processes by which absorbtion and desorbtion take place are not 
well known. More research is required in this area. 

no account is taken of changes that may take place in the rate of 
condensation during a given time step. 

4.4 Thermal modelling 

as stated above the model does not include a comprehensive treatment 
of the thermal capacity of the building and its elements. There are 
several ways by which such a treatment could be implemented. A 
simple method would involve linking a capacitance to the air node of 
the main zone in the network of Fig. 5. A more rigorous approach 
would involve a finite difference analysis of the building as a whole, 
e.g. with nodes and capacitance at/within all the major building 
elements and air spaces. 

cold bridges have yet to treated. This would be relatively simple to 
implement and should be carried out as a priority since cold bridges are 
the sites of highest condensation risk. 

radiative heat transfer between surfaces (e.g. walls and heating 
elements) within the building are not considered. This could be a major 
and erroneous simplification. A quick sensitivity analysis is called for. 

5. GRAPHICAL PRESENTATION OF RES UL TS 

A number of graphics programs have been developed to assist 
with the presentation of the hour-by-hour results from the transient runs 
of HUMID. PLOTHUM plots out the various parameters of greatest 
interest (e.g. air temperature and RH) against time over a few days. It 
also produces a plot of air humidity and temperature (in the room bulk and 
on the various surfaces) on a psychrometric chart. It is also possible to 
calculate cumulative frequency data for various parameters, though this 
facility is relatively underdeveloped at the time of writing. 

Two examples of the graphical output from program PLOTHUM 
are shown in Fig.s 6 and 7. 
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PF10CRAM HU~'. r D 
C*44*1*****************11141111****** *****+11111111Wll****•*~ll** 
c c'FO(;;;iAM TO MODEL THF- IN1':::F.f•j(:,~. Hl.IWDIT'I f'W.IJ T:O:r''PE'''i1~T1.r .. :f-:] 
C I'-J AN OCCUPIED JWELLINC (P,C, MJD lJ,B, "pr: ·r \'387l 
C******•*~***********I*******~*~***•*«***~*******«*~*****:*~*«*** 
c 

c 

c 

c 
c 
c :3 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

5 

c 

COMMON/ST•JR/El.EC, TCORE, Pl', DN, RMN 1 CP~J, Af·J, TS~J, ';'CM~·,x 
cor·lMON/Sl..JITCH/:1.,11. 31.,12. ~I.!>"., ~;1,J .. c 
cor-mcrr·J/S\.JALL/TLYr2, J. i:, ~::, r2, DJ., n2, FML, c1_., ;,~1. :r.coc:= 
C:Of'MON/OUT/CONL·;, CONG, Gil, 1,,:3, M\.'APO, f·l'-/AP~:: 
COMr'101'J/VEr·JTL/WP, \~PMIN, FPt XI<!;:' x~·'..A:3, XKA'v', p,c;H, iV~C { 12 t 
COMMON/ OTHF..R/T1~2x ( ~:4) , '·.'! ''.2X 1 2-4) , TA:3X ( 24 l , TA4X ·: ~~ ~ 
1 U2,U:3,U4,A2,A3 1 A4,~C,PI,VOL,TA?,TA3,TA4,VP 
2 , XMCO ( 24 l , QF r ( 2•' ) 
DIMENSION ITAA0!24l, lRHJl2·1-l, JWS!24J, J',JDi24l 
PEAL Ml/APCK, M'v'Cl'.:, ;: 1, K2, f·l\/~;PO, M\'AP2 
CHARACTER•24 ICODE 

L'Pl'-:N / UrJ IT==28, 71LE: 0='1,~079°.·D, J1H .. , STATUS-= .. o:":) .. l 
<>PEN (UN J T= 23, ? I LJ-> 'r,JE;/t:)."\0, :~!1T' , STATUS" 'OLI'' ) 
IJF'EN ( UfJ( 'I' =::30, Fl LE= " T/9.~0 , Di',T' , STATUS - 'OLD· ) 
Cl"'EN (UN J T=31 , FI LE= 'RH?':!.%, r,:;r', :3TATUS 00 'DJ ,[l' ) 

DPFl\I ( UNIT=32, FILE=' HOUT. J(.',T' Is r1nus" 'fJEl,.J.) 
O?'EN ( IJNIT=:J:3, F n.:::=. l;JAI L'l'::r •·OAT .• !;;T,CTL"o'. ' f'ff 1.r ) 

i:ipE[>.J ( U~J I T=34, FI LE= 'l·:UM HJ. V!~'i ·· , STATUS 0= "Cl'":' ·· l 
( t1CCH 1 r) , •< = 1, .12' ,. • r , 

., ':".• r.;: ""."'!:".' 
' ·· r • ·-' t ~ · .. ~ I .' ···' I 

1,5,21t3tr~•t51161/ 

T"fPE ::;:i 

FOPMAT(LX, ·· lnp•..:t valu.;!S' f•:,":·,,1, 
::.: FAr~ FPEs:•.JP:::: , ,, , 
4 ' STEP= NO OF 3EC B~TWEEN !TERATIO~s·, !, 

I'. .. .. ) 

t= 
7 
5 
~ 
1 0 
1 i. 
12 
13 
14 
15 

ISTAF.T "NO, OF DAr~; TO Sl':IP FPC•r·' l!::T r,:·F.;r,·, ... 
I CODE - 2'1 CH1'.\PAr:TD'.1 DESCR I PTOP FOR TH:::;, RUf·,1 ·· , ,' 
X:OR I Ff\J 0= OP: ENT~\T l (J['.J rPOM r·JORTH ( nr.:~:-."O) /' 
[HF.ON °= l IF t·JF ~.J(.i!'JT ?ESUL TS t1T F,;1 :H '''I MF. ST"·::: or conr I r,1c PER: OD ' : 
I WP•::CN - J : F THI' r.~: f•.'D "'P".:SS, I !3 COf'.JSTt,f'J'! w-: ., H T 1 ME' I 
XWS,XWD,XTO,XPHO :oNST.VALUES OFF!, J7ND SPEco, P~ESS, TFM. ~Nr PH ' , 
ACI~ IS AIP CHr·li'1GI'' PA'!'I: ur .. 'DEP ~3TE:r·n·( ETA".'E. 
WPM:N - MIN, WIND ?RESS,. 
IDG DOU::LE cu,zrnc El . ..JITCr l= I':o OUELO:: GU12· :rr.1·~,. (" 0 s:1r,ic1,r::' 
IACH D IF US!NG WEATHER DATA OR CONST, w~. 

= 1 DOES t, n.!MBEP Q~ ACH P•'\'!E C;''J.J:l''.ATir.;r-.JS 

READ!34,*lFP,STEP, ISTART, IC~DE,XORIEN, 
1 IHRON, HJPCON, Y.l1JE>, XWD, XTO:•, :>:PHO, ACH, ~.J;"f'1H.I, II•\;, 1ACH 

CALL SETDAT( 1 l 

WRITE CUT IN?UT DATA 

WRITE·: :3:?, 5) ICODI:::, A?., A:3, ,..4, p,c, t';',,1, u2, u·3, UA, VOi., v 1' 
l K2, Dl, D?., RC•CP, CL., !DC, x;-:;' I, Xf"::A:3, 
2 XKAV 1 WP,F?,WPMIN 
formc. t ('I' I LX, 126( .. *')' 1,. 0 ~. "HUMlD ••• '(\ PROCRl;r·1 Mon:-:::"Llf'!G THE HEAT . ' 
1 .. AND MOISTLRE BALA~CF IN A aw= LLING. JAN 19U7 " , :, 
.I !.X,128('*'),t, 
1 1X,1A24,//,1.X.-· l:\PEl1Sd12l: A:?=',El!.5,' A3,, " , 
l Ell.5 1 ' A4=',El'.,5,' GJ.ASS,., ' ,l'tt,5, 
1 EX !,,lf'.\LL=',~IJ .• 5,/,1X'"U" VALUES(~J/M2f<l: U2,, ' ,F.1!,'.5, " U3= 

~ 
..:. 

:2 
2 
2 
~ 
3 

·~ 
4 
5 

,E!t.5 
U4=",E11,5,' R00"1 VOLUME IM:3l= ' ,F',:C:, 

I.' COl\'DUC'l :iv:TY [I" r:x 1,,rr,:..1.. (l.J!MI"'.) '' 
')(1=' 1 E11.5,' K:-0=" 1 ~11.~3,·· THICKNE:3S OFF . [•, •Jf.>LL FLEi'1ENTSIM) "1 

ll !. = ' , E 1 : , 5, ' Jl2 = ·· ; = 1 .1. 5, I, l >'., 
'POCP=',ElO,.t,' CL=» ,Ell.5,' IDG (DOUBLE GLAZU·JC IF'-'ll=',Il, 
//, lX, 'VENT PARAM!';: Xl:A1=',E!0.4, 

'X:<A3=', El o, 4, 'XKAV== ·, Eto • .i, ;, .. wrr-.rn PPESS, 1 p,~; ~·,El o. 4, 
FAr~ FRE!;';S, (PAl=·,r:.o •• ~.· WPMIN !PA:·,:::10.4: 

\~RITE <32, ~15) 1 TA2X (Jf~ l, ,:;: 1= l, 24 l, I VP2X ( JK ! , .JI'.-= 1, 24), 
2 < TA3) ( JK l, .JK= 1, 241, r Tr,4 :( ( Jf:), ,H:= 1, ·,:::.1), 
2 ( XMC 0 ( J K ) , J K = 1 , 2 4 ) , (Q F I L: ''.: ) , JI( 0= 1 , 2 4 ) , 
:;:t STEP, I START, ;:n:;t I EN 

515 FORMAT (I I Ix, 'TEMPERr~TURE ArJD VAPOUR pp~s~:. PROF LES . 
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c 
c 
c 

~ c 
(: 

c 

c 
c 

1"15 

c 2345 
c 

9898 

c 

, < TA2, vP2, T1'.\::=, TA4 ~:~ ~;p:cT I VF.:LY l ·, 4 <,., 1x,2..:.<1 :.: , ? L 1 l l , 
/,' MOISTURE PRODUCTION RATE AND HEAT lNPUT ~PO~:LES' 

2 ,2(/,1X,.12(1X,E!0.2:J,~l/,1X,12!1X,E10:?Jl, 
2 //,' ITERATION TIME STEP !SECS)=' ,FS, :, 
:3 NO. OF JA1'S m::FPE[• AFTFR !ST APPL" ' •:::=,. 1:1n:::~: '.DEG)' ',F'.i.O, 
4 I, . CONW/ Q ARE CONDE:JSATE MASS o:c) ON TO-:'. u;:iLl.. ,':;rm \~ i rJDO\..I ARE~\3, I 

5 WP= WIN: PRESS, ACF= AIR CHANCE ?~TE', ;•i 
5 ;, • TMV2/0 ARE THE MASSES OF WATER CONVECTED =ro~ ~WFLLINC TO TE3-:- · , 
e. ROOM AND ~!"(JM TE~:·1 P.QOM TO OUTSIN ' ,l,1X,121-cr , · )//I 

STEP THROUGH WEATHER FIL~S TO REQUIRED DA~ 

~AKE OUT FILE HEADERS 
P=:AD(28, 145l 
:;!EADl29, 145! 
t~Ei'.ID(30, 145) 
READ 0: :31, 145 l 
FIJRMA~I //I J 

DO 345 KYL=l, lSTAPT 
P=:AD<28, 1cooJ: rnn! 1J,:=1, :~ -n 

READ ( 29, 1 ooo l ! ms ( I l, 1" 1., 241 
R:::1~D(30, lCOOl<ITP,A0(!), 1:0_,2•~) 
READ ( :31, 1000) ( IRH(I (I ) I I=:' '.i:Ol) 

C:IJNT INUE 
NUM=INTl3600,/STEP> 

lJP I TE ( :33, 2:345 :• 
FORMAT( LX,' TIME DP\f 
1 T120, ·ouTsr~c 

: r.IE> IDE TE:l"ll" , :?.ox, ' ~.;;:,LL :~I-Yi 1::~ TFMPS ·, 
':'EMP') 

\·JR ITE ( :32, 9898 l 
FORMAT( J.X, •"TIM 
B TS RHSU~F 
9 VHJ 

TAO 
rr: 

VPO 
·:or,Ji..J 

(~ J. 

TIU VP 
CONG' , 

QZI 1_,1p 

:?H 

'·\C:R' 1 

=·~····****************************'*************~···••tll4111•~**********• 
c 
c P.UN THROUGH A NUMBER !KACI DF 24 HOUP PEPIODS 
C••••Ktt•~***********·~·····••t•l[l**'******'!lll«*~*****Kl•t~•············ 

IF !IACH.EQ.OlTHEN 
c nrJLY ONE ACR Ci'LC:IJLAT I cr.J 0: 48 HOIJRS l 

l<ACoo2 
ELSE 

C FOR OTHER CALCULATIONS 24 HOURS TO REACH STEt1DY S"'i\ r:;.: 

c 

c 
c 

c: 
c 
c: 

c 

c 

219 

1'.AC= I 
END IF 

IF!IACH,EQ,Ol CO TO 219 

SET AIR CHANGE RATE 
no 22 JAC"'l, 12 
ACH=ACCHIJACl•ACHIABS<A:HJ 

TA02 AND VP02 ARE THE L~~EST OUTSIDE TEMP A~D VP'S 
TAO l MID VPO 1 APE THE l=UE'v' 10! lf·: I/ALU.ES 
TA02=XTO 

CALL VAPRE51TAC2,VP02,CA> 
VP02=VP02•XRH0/100, 
V?=!Q, 
l~S2=XWS 

l~D2=XWD 

STEP=60. 
PRESENT T lr'"E I 1'TT Ar-JD :A'l':O: :iD1YY 
ITTT-=O. 
IDAY=Q, 

C FOR FIRST HOUR INITIALIZE THE WALL LAYER TEMPS 
C:ALL SETWAL. <TAI, TA02l 
CALL SETDAT(ll 

c 
C MVAPCK - 1..JATEP. VAPOUR MAS~3 P~ODUCTION FPOM QCCUPf.1tJT9 ACTIVITIF.S 
c VEf\' - EXTR1'.\CT F" Ar~ RATE ; ".'AO OUTS IDE ""EMP ' 'l'A P<>•:•F 'l'Er' p ; 
C TA1,TA2, ETC - TEMP !N OTHER PARTS OF DWELLING 

PHSET=60. 
CON~!=O. 

CONG= 0, 

- 17 -



c 

\JS! =O, 
TS=l2. 
TG=S. 
VP=!Q, 

C START OF HOURLY CALCULAT:ON LOOP 
c 

c 

DO 21 K = 1, KAC 
IDAY=K 

C READ HJ HOURLY OUTS IDE 1,J !ND l:J I RECT ION r,,: SPE£D l TEMP AND HUM ID I TY Vi:\LUES 
C U~LESS WE ARE DOI~G STEAD~ STATE CALCULATION 
c 

1000 
l IJ () 1 

c 
c 

c 
c 

100 

IF<<Jl.JPCON.EQ,OJ .OR, (!t1CH.EGl.Oll THEN 
READ ( 28, 1 0 0 1 l ( HJ J ! I l , I "' _ , 2 .• : l 
RE171D<29, 1001) (!I.JS(!:, l=l, '.~4) 
READ(30, l!JOC; ( l".'»1AO< I)::=), 24) 
READ<31, lOOOl (!RHO( 1 i , >=!, 24) 

l-:ND IF 
FORMAT<2413) 
FOF.MAT<1X,24I3l 

TH IS IS THE ST~\RT OF THE DP,Y' ! 
110 20 J=l, 24 
ITTT=,J 

SAYE LATEST OUTSIDE CONDITIONS 
TAOl=TA0'.2 

VPOl=VP02 
WS1,,,W52 
lJD 1 =lJD2 
IF<!IWPCON.EQ,OJ .AiJD, t:ACH,EQ,Q)) THEN 

c ( w nm SPEED FI LE re: I r,1 KN(lTS) 

c 

W52•FLOAT(IWS!Jll*D,5148 
WD2=FLOAT(IW:<JI l 
TA02=FLOAT!ITAAO<JllllD. 
PHO=FLOAT(l~HO(Jll 

ELSE 
~IS2='XWS 

WD2:=Xl-JD 
TA02=XTO 
RHO,,XRHO 

END IF 

C CALC NEW OUTSIDE VAPOUR ~RE9SURE VP02 
CALL VAPRES<TA02,VPS,QS) 
VP02=VPS•RH0/100. 

c 
c VALUES OF OUTSIDE cotnr r:nr.1s FOR CALCUL.·;-10 ;15 D'.P11'J2. 
C {', Gii/EN HOUR ARE :NTERFOJ.;~TED FPOf•l THF 1-'PEVH'UE 
C AND LATEST HOURLY READINGS 
c 

WSSLOP=(WS2-WS!l/NUM 
IF<ABS(WD2-WD!:.LE.18~. l ~H[N 

WDSLOP=WD2-WD1 

c 

c 

ELSE 
IF (WD1,LE.W02) THEN 

~!DSLOP=36 0, - ll·iD'.2-lJD 1 ) 
ELSE 

WDSLOP=-860.+<WD2-WD11 
END IF 

END IF 

TSLOP=<TA02-TAO!l/NUM 
VSLOP=!VP02-VfC11/NUM 
MVC ~: =MVAPCK 

200 C:ONTINUE 

C RMSLOP=MVCK/5, 
C RQSLOP=QCf/S, 
c 
c SET HOURLY TOTALS OF Ml)!STUP.E MICRATinl'J -o : FR!~M OllTS:DE; 
C OTHER ROOMS AN :; THROUGJ· THE FAN, RESPECT!'v'ELl, 
c 

c 

TMVO=O, 
TMV2=0. 
Tr'IVEl\J=O, 

c PERFORM VAR !OUS CALCUl.AT: or.ic-3 AT INTERVALS OF "ST~P ' SECONDS 
C I. E, THERE ARE MUM CA:...CULAT t ONS PER HOUP 
r. 
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c 

DO 10 IJK=l,NUM 
WS=WSl+WSSLOP*IJK 
WD=WDl+WDSLOP~IJK 
JF( ~JD.LT, (I, l THH. WD=Dt.o::, +WD 

C CALCULATE THE PRESENT ~JIND Il::?JVIl\JG FORCE FOR VEf'JTJU\".'IO'J 
c; IF 1..J IN) PRESS' J s NOT COfJ~:n ANT ( r. F. . F H·'FCr~ri= II) 

C IF: .IWPCON.EQ,Ql THHJ 
CAl.L w: NDP ( 1..,:3, l·:O, XCP I:'Y. I.JP I l..JPr'll fJ) 

C END IF 
c 

c 
c 
c 

c 

TAO=TA01~TSL.OP*IJK 

VPO=VPOl+VSLCP•IJK 
MVCK=XMCOlITTT> 
QFUEN=QFJ < ITTTJ 
CALL VAPRES!TAl,VPA,QA I 
F.H=VP/VP~'\ll-!GIJ, 

HUM ID I ST1~T co~.JTROLLEll F%J 

FPl=O, 
IF <RH, GE, RH' ;FT J FP I • I , 
CALL NISTOR(QFIRE,TAl, :oN,STEPl 

c11••~••*~*******************K* • •~e•1111111••*•••!111 ~1 11r1•1t 1~ • * * * 
CP1LL ROOM( I, TAI, TS, TG, VEN, TAO, VP, \/FO , IJFIREN, C~C>: , MVCJ::, 

STEP, :TTT, IDA~, fPl, JDG> 
[llllllllllll*llll*****llllll*llllllllll!llllllEl * * ~ * *'~ll - l lt l Ellll 

TMVO=TMVC+MVAFO 

c 

c 

TMV2'-"TMV2+MVAP2 
TMVEN=TMVEN+MVAPOl 

CALL VAPRES(TAl,VFS,QS) 
P.H=\IP/l/PS•!OO, 

C CALC, EX:ESS VAPOUR PF.'ESS\ IRE AND RH t1T i,.IM,L 
c 

c 

EX\/P= VP-\IPO 
CALL VAPRE21TS . VSS,QSJ 
R~SURF=VP/ VSS•lOC. 
I7-IRHS!JRF , CT. l00 .. l THEN 
RHSURF=lOO, 
E~JD IF 

C CALCULATE AIR CHANGE RATE lACRI 
C-.!9-'=ABS(Q!) 

c 

IFIABSlQ3J,GT,QQJ THEN QQ=~BSIQ3) 
I ;::-1 ABS! VEN J , GT, QQ I THa: 1,1°:;-i=AE:S ! VEN l 
ACR=QQ/VOL•3f"O(), 

C NO PRINTING IF WE ARE DO:NG AIR CHANGE PATES 
I~( !ACH.EQ,0) THEN 

c 
c tETS 1..JRITE OUT r ·ffo AT THE BEGINNING OF ( '. ) C' ~:! NC "F.HlDDS 
C (IF J IHP.01\1 ,· 1 > 

c 

c 

IFI (J,EQ,8,QR,J,[Q, 17 l,ANO, ( IJK,LF.80>.AND, !!H~0N.EQ, Lii THEN 
l~R I TE I :32, l 12: :1 ... :!'., TAO . \'P0, Tr~.: , VP, D:V"'' , PH, 1''3, ·:.~ HS 1• i:·.> f..', 'I'(, 

CONW,CONG,VEN,Ql,Q3,WP 
:. 1~ FORf'l1'.\T·:2/, !3. 8(: :.:, FS, .t >, F'~. 2; f..E9, 2) 

E'·JD IF 
END IF 

10 CONTINUE 

C WRITt: OUT HOURLY DATA 
c 

!?I !ACH.EQ,Ol THEN 
WR I TE (:32, 2) J, TAO, VPQ, TA I. , VP, E:CVP, RH, TS, PHSL'Rf, rr:, 

CONW,CONG,VEN,Q!,Q3.WP,ACR 
2 FORMAT ( 1 x. I :i, 9 ( 1 x, FS I l >, 7 i: 1 ;~ t E3 I 2) ) 

r. 
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c 
c 
C 3..!5E 

c 

c 
c 

20 
21 

c 
22 

c 
'399 

c 

111a I I tempera tur·e d;i ta f-i: ·~ 
WR I TE ( 331 3•156) I TTT I J!>A' • ' '\'A 1 t ( TL.Y ( 11 LL!..) I L'...1. ~ 11 I .1 ) I ' ! (~(l 

FOR '1AT ( l x I I 31 2:(, I 4' F6. 2, 1lF5. 21 F6. '2) 
END IF 

!F(!K.EQ.KACl.AND. (J,EQ . 241.AND. !IACH,NE.Ol l THfN 
WRITE OUT DATA AT END er STEADY STATE CALCULATION 

WRITE!32,21J1TAO,VP01TAl1~P,EXVP1RH1TS1RHSURF1TC, 
1 CONW,CONG,VEN 1Q11Q8,WP 1ACR 
END IF 
CONTINUE 
CONTINUE 

COl'JT!NlJE 

CLOSE I UNIT=30) 
C!..05f:(lJrJIT= :31) 
CLOSE<UNIT=32l 
CLOSE ( UI\ I T<3:3) 
CLOSE<UNI-:"= :34) 
S".'OP 
rn:o 

C**4*************************** * * **~*******~********1*1 * 1!••111~1*1 ~ 1111111 * ~* * 
SIJPROL'T J rJE SETL;AL i TA 11 TAO l 

C****************************** * *** * •************~ '****** * ***~ * ~* * • * **** * ****** 
c 
C TO IM IT I AL I ZE THE vJALl. LA'i'ER TEMPERATURES 
c 

c 
c 

COMMON/S\~ALL/TLY ( 2, 11; , I<:, K:~, Dl 1 02, f..:ML, CL, A\.J, IK·C? 
FX=(TAl-H\01 
DO I 0 I= J, 11 
J >010~1 "'112 
TLr!J1 Il=TAl-FI/10,-lf(l ··l l 

l 0 CONT INLIE 
RETURN 

SUBROUTrNE ROOM<N 1 TA 1 TS1TC 1 V~N 1 TAO,VP 1 VPO,QFJRE 1 QCOJ ~ ,MVAPC K, 
1 STEP, ITTT, r :::Al', F'Pl I m e; :. 

=•*****************************'f********,*************** *·~·~~************* 
c 
c 
c 
c 
c 

c 

TO CALCULATE THE ENVIPO~MENTAL CONDITIONS I~ THE ROJM 
(>UTS IDE 1,JALL HJ:AT CAPAC :i '\' ':' ) E TAK:::t-1 INTO AC COUP. T 
MJI> IS At·JAL'l''.3ED AS SLAB3 r,"1TH CR AM!·: NICHOL.SON SOL' !TE:•rJ 

r: oMMON/OUT /CON~i, CONG, Q 1, r,18, rwAPO, M'/AP2 
COMMON/OTHEr/TA2X(24!1VP2Xl24J,TA8 X(241,TA4C!24l1 
1 U2 1 U3,U4,A~,A3,A4 1 0G, ? l,VOL.,TA~ 1 TA3,TA~,VP 7 

2 ,XMCOC24J , QFIC24l 
COMMON /VEN TL / WP' 1,J?M :1 r,1, "I' ; X I ~ A 1. :n·::AJ 1 XIU\V, A•:f ! I ACCH : - ':) 
coMMON!llWALL/TLY ! 2, 1.1:• , 1<:, t.:2, :01, o~:, Rr1L, CL 1 A>·J, Roe? 
I> r MENS r ON A < 1 1 • 1 t l , B ( : 1 l 
REAL MVAPW1MVAPG,MVAPO , MVAP0: 1MVAP2,MVAPCK,KJ, 1'. 2 

C tJFLEM - ~JO, OF ELEMENTAi. !3LABS IN 1.~r. :.L If\ICLUDINC SUP"ACES 
NEl..EM= 11 

c 
c 
c 

SET AIR FLOWS THROUGH DWEL~IINC 

lf(ABS<ACHl.LT, 1.E-5) T~EN 
CALL VENT!V:J!,Qt,Q:3,Fl'l> 

ELSE 
C . CONSTANT A IR Cl-'ANGE RATE 

VEN=O, 
Ql=ACHIVOL/8600, 
Q3=-Ql 

END IF 
c 
C SET CURRENT SURROUND I rJG CONJl IT I D~H3 
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c 

VP2= VP2X ( I TTT l 
TA2=TA2X<ITTTl 
TA3=TA:3X I ITTTl 
TA4=TA4X< ITTTl 

C SET THE SURFACE HEAT TRANSFER COEFFICIEN~S 
c 

c 

Hr~1.~=·i, 

HRO=O, 
HC0=18.2 

C CALC RATE OF CONDHJSATtJr .. 1 ON TOTAL OUTS![·E ,.Jr.1LL s1.n•1=r-;CE 
c 

c 

CALL VAPRES!TS,VPW,QW l 
MVAPW=AW*HCW*IVP-VPW> / 1 . ~2ES 

C CONl-1, CONG ARE THE ACTU~L 1v1•'\SSES OF COrlI:!;:rJS1'1TE Ohl T'~E WILL At·JD 
C W!NDOW AT ANY GIVEN Tlf[ i~GI 
c 

IFl!ACH.EQ, ll THEN CONW=Q, 
CONW=CONW+MVA2W*STEP 
IFICON~!.CT.O. ~GOTO J.1 
C0~1 1.,l=O, 

M\IAPt·hO, 
: 1 CQ~.'T I l'JUE 

C******E**************************'****~*******a"t******* ~6~****'**EZ*** 
C CALCULATE THE 1 EMPERl\TUl·'F OF THE l.Jf.1LL 1..A'i ERS 

C********************************** ~ *********•*a**~* * ***'~***•***~* * **** 
c 
C CALC F - FOURIER NUMBFR AND Bl ,BO - THE 3TDT 
C NUMBERS FOR THE HJTER!CJ.' AMD DTER .10R l·!AL'.... SllRFAC:::S 
c 

3232 

c 
c 

c 
c 
c 

c 
c: 
c 

c 
c 
c 

:333 

20(1 

5(1(\ 

F=STEP•Kl/ROCP/D1••2, 
J:: = ( HCW+HR\·J J *DI /K '. 
BO=!HCO+HROl•Dl/Kl 
(:H~( K=F*< 1, +BI) 
CHJJ=Fl!ll.+BO: 
IF ( ( CHn:. LE. o.5). AND. <CH.J.J' L:~. 0 '5)) co TO ccJ3 
W~ITE!32,32221CHK~,CHJJ,~,9l,BO 

FORMAT I lX, 'TIC'IE STEP JS ':'00 '...ARGE: I I, I/, 
1 f*(l+BIJ=',E!0,4 1 ' F·~!J+BOJ,, ·· ,[10.4, F~,·, r: . ~1 • • :., 
'.2 BI= ' ,E10,4,' BO= " ,E!0.4 1 /,' RUN A80PTF.Dllr '; 

STOP 
CONTINUE 

QLATW - HEAT FLUX (p~p ~2! DUE TO CONDENSATION/EVAPDRATION 
QLATW=MVA?W/AWe2.45E5 
QLAT\~'=O, 

M\!AP'..J=O, 

SET MATRIX OF COEFF!CJE~TS TO ZERO 

DO 200 !=1,NELEM 
no 200 J=!,NELEM 

A!I,JJ=O,Q 
CONTINUE 

SET COEFFJ CI ErJTS FOR Jl'JS: DE AND OUTS: DE 5 1.IRFrV: E!::. 

8(1!-=2,l!F*BI•TA + (J .• -F•l!.~Blll•TLY!N,1) + H"f! ,'J'<r·J,2:• 
1 +2.*QLPTW/ID11ROCPI 
All.ll= I.+ F•Cl.+Bll 
A(1 1 2l= -F 
Al~JELEM,NELEMl= 1. + F•!:.+80) 
AlNELEM,NELCM-11= -F 
B<NELEMI= 2.•F•BO*TAO + !!,- F*!l.+ SOll~TL'i'!N,N:LE~! 
1 + F*':'LY:rJ,f·JE'...EM-ll 

SET COEFFICIENTS FOR IrJTEP.IO;;! LA'i'E'P.S JrJ Wt1L1. 

DO 500 !=2,NELEM-1 
A( I, 1-1 l=-1, 
A(l, ll 2,/F+2, 
A<I,I+ll= -1, 
Bill TL'YIN,I-ll + 12./F - 2.l*TLl'!r·J,ll + Tl .'t:~J,Ii-1) 

C:QNTINUE 
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.. 

c 
c 33~>E 
c 
c 

c 
c 
c :~4~>E 

c 

WRITE(5,3356JITTT, IDAY,TA, (TLYIL,LLLJ,LLL=I, l lJ,T~O 
FORMAT I JX, !3, 2:,, !4, f6, :::, l ~Ff., 2, F6, 2J 

SOLVE MATRIX EQUATION [AJ[TLYJ=[BJ FOR NEW LAYE? TE1PS 
CALL GAUSS(N,NELEM,NEL~M,A,TLY,BJ 

\~RITE(5, 3455 J ITTi, rnA·f, TA, 1 TL"fl 1, :...LL,, u .L= 1., 11 J, TAO 
FORMATllX, !::::t,::u, I4,F6.::, LF6.2,n;.2, /) 

TS=TLY<~·J, 1 l 
C•******•**4**************************************~*****~*4*~*****~**** 
c 
C CALC\Jl .. ATE CC•NDENSATION 'Ri;TE' ;:;~JD llFAT LOSS O~J lJ[''lDOW 
c 

c 

CALL VAPRESITG,VPC,QG! 
TC1 '"'TG 

C RADIATIVE HEAT TRANSFFR COEF=ICIENT 
.30 H~0=2, 040SE-7r I TC;- 273, 15 > ~ •:3. 

c 

(': 

HC0=17 
HCG=1,430•(ABSITA-TGJl••D,33 
H~~G =HIW 
MVAPC=HCG•AG•IVP-YPGl/l,E2E6 

C IF JE APE LOOKING AT STEADY STATE WE ONLY WGNT :ONDENS~r~ 

PRODUCED IN THE LAST HCUP 
:FCIACH,EQ,1) THEN CONG=O, 
1.:0NG =CONG+ MVAF"C "'STE'P 
IF!CQNG.GT.O, lGOTO Sl 
CONG=O, 
MVAP•:;=O, 

31 C:C•NT INUE 
QLATG=MVAPG•2.454E6/AG 
nLATG=O, 

c 

c 
c 

MVAPG=O. 

IFIIDC.EQ,OJ THEN 

SING:...E GLAZING 
TG= (I H1:G+HRG) •TA+ IHRO+HCO) •TAO+QLATC 1I<HCG+'-!RG+H?O1 KC1: 

l::LSE 
C DOUBLE GLAZING tDGH IS THE CON~UCTANCE OF T~E 
C TWO PANES P~D ~JR GAP) 
c 

c 
c 
c 

c 

40 

DCH= 1./((,006/1.05*2.) ~ 0.18 +1./(HRO+HCO>• 
TC=I IHCG+H~CJ•TA ~ DGHETAO + QLATG) l!HCG+HPG+DGHI 
END IF 

Calculate Air Heat arid M<>istu.r·e Balance-

l/PIO=VP 
TA10=TA 
l·JQO=l. 
l?!VEN,GT.O,JWQO=Q, 
l~(;J 1=1. 
IF IQ 1 , LT, O, J 1,.i1~ 1 =O, 
lJ(;i:3= 1. 
IF!Q3.LT.C.IW9~=0. 

C CALCULATE THE NEW ROOM t.1:R T:::MPERATURE 

c 

TAA=TA 
TA=(U2tA2•TA2+U3*A3tTA8+U4*A4•TA4~1HCG+HRGl*AC•TC+ 
1 !HCW+HRWJ•AW..,TS+llS4,~XQ8•WQ3•TA0+1184.31Ql*W~.*TA2-

2 1184,51VEN•WQO&TAO+QFlRE+QCOOKI/ 
~"< I U2 tA2j IJ3•A·:=+1141.c...:., 1 H!:G +HRG l if AG+ I HCL·i +H~l·i J tAl·.'- 1 '. :.!'!-:::: •'.'ENHJi-lQ+ 
4 1184,5•Q3•WQ3+1184.5•Ql~WQ1) 

C****~•************************•********~J****•*******4***•************** 
C CAL NEW VAPOUR PP:'.SS, l·.HICH P.ESIJLTS FF:Ol'l AJD ITIGrJ 1::- ~!i'TER MM;8 
Cl+**************************************'•*******'*******•************** 
c 
c 
c 

c 
c 

c 

CALC RATES OF NET Mqss INFLUX OF MOISTURE TO ROOM DJ~lNG STEP FROM:
FROM/TO OUTSIDE THRCUGH CP.ACKAGE 

MVAPO=O, 21668 llQ31 I WQ3•Vf'O /I TA0+2T3, I+ I 1, · '.JQ3 1 •VP/ 1 T···, · '.273, l l 

FROM/TO OUTS (J)E rn;;:ou:H FAN 
MV1~PO 1 =O. 21668•1/ENt ( ( : • -lJGIO) *'v'P I ( T1~ +2/3. I. '/P(l-111 • .;Q()/ I rr,o+273. : ) 
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•.• 

l 
.. 

.•. 
-····;:: 

\, 

c FROM/TD REST OF DWELLING 
MVPiP2=0, 21668tG' .1*(~!QI1\11-'~J I Tr,2+2;·3,) + ( 1. ·~!QI) ll/l'.' •: '!/~+:::;3.)) 

c 
C NE'oJ VAPOUR PRESSURE 
c 

c 

'./P= ! MVAPO-M'/APO l +MVAP?-··1 1.'i'\l'G-MVAP'..I +MVAFC ; 

CALL V~PRES!TA,VPS,QS) 
IFIVP,GT.VFSJVF=VPS 

40:)0 CONT I NUE 
RETURN 
END 

SUBROUTINE VENT!VEN,~1,Q3,FP1) 
C**~*X********************••***'*C*•******'******l*•*«••~t••* « *~*~*** 
C TO CALC AIR FLOW THROUG~ THE DWELLING 
c :* l*9CB•91*******1111{9111991~9~1~1111*1*111111flll*lllllE9~1t91**111 

c 

c 

COMMON/SWITCHISW1,SW2 1 S~3,SW4 
COM~lON/VENTL/ '·IF, WF't·'HJ 1 ~I': :o·:Al, :cJ'.f.\:3, XKA'./, A•:H, 1:\CCH ·'. . ~) 
COMMUN/OTHER/TA2X(24l,VP2X<24l,TA3X!241 1 TA4\!24!, 
1 U2,U3,U4,A2,A3,A4,AG,J'I,VOL,TA2,TA3,TA~,VP2 

C IF rAN IS ON 'fHEN FPl=l Al'Jll F'P IS THE P1~.N 1-'P.ESSU:::!F. IM P <.: 

c 

c 

c 
c 

c 

FP1l=?P~FP1 

CBA1=XKA3/XKA1+l. 
CBA2=XKA8/XKAV+I. 
IF<WP,EQ,Q,Q) THEN 
t,JPRT=O, 
F.LSE 
~PRT=SQRT(ABSCWPlltWP/AESIWP) 

Hl'J IF 

IFCFP11.EQ,O,Ol iHEN 
F?RT=O, 
ELSE 
FPRT=SQRT(A8S(FP : 1 > > *FP11iAB~·:FPl1 l 
END IF 

VEN•!WPRT+CBAl*FPRTl/<CSA1*!1,/XKAV+!,/XKA31 - f,IX~A8) 
Ql =IWPRT*~BA2+FPRTJ/(CBA2*(1,/XKA1+1, /XKA31 - J./IKA3l 
Q3=Q1-VEN 

8UT MY Q3 GOES I~ THE OPPOS[TE DIRECTION TO DAVE'S JRIGIN~L THUS1 
(:J3=-Q3 
RETURN 
END 

SUBROUTINE VAPRES(T,P 1 Ql 

C••••K•***********•****•***••«1•11••*******••~••1«et11e••Ke~1«1••• 
C TO CA~C THE SATURATED VAPOUR PRESSURE IN THF ROOM 
Cllt9Kl*~El********•llll*«9tt~e~111~**********.t*******a111•!199!1 

REAL LOGP 
Tf:=T+27::1, 15 
l'A=I .01325E3 
IFIT,LE.O. l GOTO tOO 
1..0GP=:'JO, 590Sl-8, 2*AL0Gl0 !'fK > ·~ ( 2. 4.'304E-:3·*TK I - 131 ~;2,::31 /TK) 
P-= 10 * l O**LOGP 
GOTO 1 () 

100 LQGP=9, 5 :32.0997- (:2E68. S 1 _;·r;: l 
P= l O* 1 OHLOGP 

tO CONTINUE 
Q=0.62198•P/(PA-1.62193tP'. 
RETURN 
END 
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,• 

1~: 

c 
c 
(' 

r: 
c 
c 
(~ 

c 

c 
c 
(:: 

c 

SUBROUTINE GAUSSIIIT,M,N 1 A,~ 1 Bl 
****K************'**f•******ll•erl•*************ll**ll~*KH•*[H•** 

TO SOLVE THE SET OF SIMULTANEOUS EQUATIONS [AJCXJ~:RJ 

444 
.. ·=J 

~ '.=5 

I .4(1 

2200 

15~i 

:3240 

BY GAUSSIAN ELIM!NRTIO~ 
WHERE X IS AN M-ELE~ENT VECTOR AND B N-ELEMFNT 

)JI MENS I ON A ( 11 r 11) IX ( ;.~, 11 JI B ( l l J 

MODIFY COEFFICIENTS TO PRODUCE UPPER DIAGONAL MAT~IX 

DO 140 I=l,N-P 
XX=A I] I I) 
IFIXX.NE.O, !GO TO 137 

TYPE 444, I 
FORMAT( IX,' ACl,Il=O,O ~JHErJ l=',13) 

DO 140 r:=l+l.N 
YY=A I!::, I) 
DO .1:35 L= r, M 

A(~'. ,Ll=A(K,Ll - YY•A<r,Ll/XX 
CONTINUE 

BIKl = 3<Kl - YY•BII!/XX 
CONTINUE 

T"fPE 2200 
FOR~lAT( 1x, , [A]. CXJ [BJ (.1T HALfll(.1'( CAUSSINJ ELJMH'JP,r:o~.1 · ) 
I>O 155 l :: l , N 
T"fPE :3240, (Al I,.;'J,J=t,Ml 
CONTINUE 
FORMAT(l:C, 11!2X,E10,3ll 
TYPE 3240, IY.i !IT, r: l, ~:= 1, M~ 
TYPE :3240, <BIK>,K=l,Nl 
X<IJT,NJ::BCNJ/ACN,rl 

NOW BACK SUBST(TUTE 

DO 500 ~:=(M-ll,1,-l 
TOT=O, 
DO 400 l=K+t,N 

TOT,,TOT + AO:,Il*XrrI':', :rJ 
400 CONTINUE· 

:.'. ( I IT, t'.) = (B ! Kl ·".'OT)/ i' ( K, f~ l 
500 CONTINUE 

RETURN 
ENJ 
SUBROUTINE WI~DPfWS,WD , XORtEN,WP,WPM!NJ 

C*l**~***************~*********~•~l**********~I~ I P*~l•Ptl~l[H•*llP*' II~ oPll 
C TO FlND THE PRESSURE ACROSS THE BUILDING DR V ~C THE NGTURA~ VENT LAT ON 
C••··~··*************~•******l*•• t • • •••••*···~·~ ~ ****••[lbflilllilll Ill **** 
c 
C BETA IS THE A~JCLE BETWEEf'.J TH~ NORMAL TO 7HE BU l L!:] N: ( FPOM 
C THE FACE ON ZO~EZJ 
c 

234 

225 

236 

237 
321 

c 
c 
c 

BETA=ABStWD-XORIENI 
IF (BETA.GT,22.51 GO TC 234 

WP=1.2'+WS 
CO TO 321 

IF<BETA,GT.67.51 GO TO 23~ 

WP= 1 • 05·HIS 
GO TO 321 

IF !BETA.GT. ll?.5) GO 10 23~ 
WP=O, 

GO TO :321 
IF (BETA.GT.1~7.5) GO TO 2:3:'" 

WP=-!,05•WS 
GO TO 321 

WP" -1, 201\oJS 
CONTINUE 

NOW WE NEED TO ENSURE THAT VENTILATION STILL QCCUPS WITH ZERO WIND PRESS. 

IF WP, NE. 0, I GO TO 4 !4 
WP=WPMIN 

GO TO 500 
444 IFCABS<WPl.LT.WPMJNJ THEN ~2=WPMIN•WP'ASS(~Pl 

500 P.:::TURN 
END 
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SUBROUTINE SET:AT(Nl 

Ct•*l****•**********'******'*****'******'~**************I***~•****** 
C TO INTIAL!ZE D~TA FOR ~UM!D PRQC 
C••••••*********'************'*~••***********•***'******'*~l&I***'** 

c 

c 
c 
c 

c 

CQMMON/Sl..JALL/TI l': 2, l l ) I l< l, ;: 2; D 1, D2' RML, CL, ;.\1,.,J I l~CCP 

COMMON/VENTL/WP .• 1.~PM!N, FP, XK~l, x~:i:-13, Xl:AV, l~CH 
C:OMMON/OTHER/'.1'2X ( :?4 1 , '.Jl''.:":X l 2°l 1, TA3 '.-'. ! :;::4 l, T;.~1:0: •: 2•1 l, 
1 U2,U3,U4,A2,AS,A41A:,p1,voL,TA2,TA8,TA4,VP2 
2 , Xi'lCOI 2.<!.), QF~ 12·1:• 
REAL K1,K2 

])0 1 0 I =I I I l 
DO 10 J,,1,'.2 
TL 'i' ( J I I ) = l 0 • 

10 CONTINUE 
~: l:::. 27 
1;2=0.1 
CL.=900, 
DHJ=750, 
Dt=.0205 
02=0.020:3 
t\~I= 127, 4 
RML =DErJ•Al~t 02 
RC•CP=DErH:CL 

XJ::Al=D.01256 
x::AD.,,0116 
XKAv=.00112 

TEMPERATURE AND ~UM ( D 1 TY F'P.::r=- I LES ( N SURRnU"JD I NG Ri):J~1!'i 

DATA nA2x o:u , r< !.. = i, 24 l 1: o. , 1 o. , 1 o. , 1 o. , : c .. , 1 o, , 
1 10.,10.,10 .. .tc•.,10,, 
2 10., lO., lO., 10., t:., t::i., !.:),, 10., 10., J.C. , lO., t.:.., \. :J ./ 
DATA (TA:3XIKLJ,KL=-1,'.24:/L ::., lC,, lC),, l ·:,, t :: ., lG., 
1 l:J.,L0.,10.,10.,10., 
2 10., JO,, 10,, )•:),,JO,, I·:• , , .10,, JO,, JO, 1 JO,,10,, 1(•,, 1(•, I 
DATA ( TA4X (KL l , KL= 1, 24 l f: 0, , 1 0, , 1 0, , 1 C, , : 0, , 1 0, , 
1 10.,.io.,10 ... 10., .10,. 
2 1 o. , to. , 1 o. , 1 o. , ta. , 1:; • , .1. a~ , lo • , i. o. , ! c. , 1 o. , 1.:. , .1. c. / 
J!ATA (VP2XIKLl,J.:L"'L24:/1,•J, l,Q, 1.0, t.O, l.IJ, l.O, 

1.0, l.O, J..O, 1.0, J..D, 
2 1 • 0, 1 • C, .1 • C ~ .1 . -~,. 1 • C ,. .I . :; , :1 • C, :t , 0 ,. ~ , : , 1 . C. :1 • ·:J ,. J • :; " ! . G / 

C WATER PRODUCTION PROF[LE 

c 

nATA !XMCOIKLl,KL~1,24;; S.38E-5,8.3~S-5,a.38E-3 

1 ,8,33E-51 8.33E-S,8.33E-5, 
1 8.33E-5,8.3EE-3,S . 3~~ - 5,8.32E-5,8,83[·~>8.32~ · S ~ 

1 8.33E-5,8,83E-5,8.33E-~,8.33E-5,8.33E-5,S.38E-5, 
1 8.33E-5,S.33E-5,8.32[ 5.8.32E-5,8.8~E·S,8.3~E · 5/ 

C HEAT INPUT PROFlLE 

c 
c 

DATA 0:QFI(KLl,KL=l 1 24)/.3000.,40C0.,4000,,4000.,4::0q . , 
1 4ooo.,4ono •• 4000.,4000:•,,4oco.,4on•j,,40:;0., 
1 4ooo.,4000.,•ooo.,4ooc.,4oco.,4000., 
I 4000.,4000 •• 40·:J0,,41)0C•,,4C·J0,,4000,/ 

MISCELLANEOUS DATA 
U~=2.BB 

U3=4.07 

U4=1.38 
A2=0. 
f.13=0. 
r-14=0. 
/.1G=l9, 0 
Pl=I013 
l/Ol.=220. 
RETURN
END 
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