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1 Introduction

The PC-program CRAWL calculates the crawl-space temperature and relative humidity
for the cases of outdoor and indoor air ventilation. The heat loss through the floor
structure is also calculated. Both the heat loss variation during the year, including the
peak effect, and the accumulated heat loss during the heating season are given.

2 Mathematical description

Figure 1 shows a building with the considered type of crawl-space foundation.

Figure 1: Buildings with a crawl-space foundation.

2.1 Heat and mass balances

Calculation methods for the crawl-space temperatures and heat flows are given in [1]. Both
external and internal air ventilation of the crawl-space are considered. The crawl-space
temperatures are obtained from energy-balances for the air, the ground surface and the
floor. The total temperature process is divided into simpler processes. The steady-state
and the periodic temperature components are dealt with in particular. The temperature
component due to a pulse in the otdoor temperature is also dealt with.

The PC-program, described in this manual, calculates the crawl-space temperatures
and the heat loss through the floor. A rectangular building with a foundation of the type
crawl-space with constant insulation thickness at the ground and constant U-value of the
floor and the crawl-space wall are considered. The air ventilation rate is assumed to be
constant.

The ground is assumed to be homogeneous with constant thermal conductivity A
(W/mK) and volumetric heat capacity C' (= pc) (J/m?K).

The temperature in the building is constant 7;. The thickness of the thermal insulation
at the ground surface (if any) is d; (m), and the thermal conductivity is A; (W/mK).



A mass balance accounting for the vapour flow into the crawl-space due to the ven-
tilation and the vapour diffusion to or from the ground gives the mean moisture content
by volume v, (g/m?*) in the crawl-space air. Diffusion from the house through the floor
or from the crawl-space to the outdoor air through the walls is neglected.

The moisture content by volume vy,e,; (g/m?) of the ventilation air is prescribed. For
the outdoor air ventilated crawl-space we have:

Vvent = ¢out * Vs (Tout(t)) (1)

Here, v, (g/m?) denotes the moisture content by volume at saturation, and ¢, (-) denotes
the outdoor air relative humidity. For the indoor air ventilated crawl-space we have:

Vyent = ¢out * Vs (Tout(t)) + A Vindoor (2)

Here, A vind00r (g/m?), represents the moisture supply to the indoor air. This is an input
parameter required by the program.

The relative humidity at the surface of the soil in the bottom of the crawl-space is
assumed to be at a relative humidity of 100%. The PC-program uses the input data to
calculate the mean temperature of the soil surface Ty ouna (°C). The humidity by volume
in the soil v,,; (g/m?) surface is then given by:

Vsoil = Vs (Tground) (3)

The PC-program requires the total moisture resistance Z (s/m) between the surface of
the soil and the crawl-space air. It should include surface resistances, and the moisture
resistance of the thermal insulation and the vapour retarder, if there is one.

The sum of the flow of moisture into the crawl-space air must be equal to zero:

A
Ry (Voent — ve) + 7 (Vsoit — V) =0 (4)
This gives:
_ Uvent Ry + Vsoir - A/Z (5)
B R, +A/Z

Here R, (m2;./s) is the air flow rate of the ventilation, and A (m?) is the horizontal area
of the crawl-space.
The moisture supply A vg.ouna (g/m?) to the crawl-space air, originating from the

ground, will then be equal to:

Ve

A Vground = Ve — Vyent (6)

2.2 Boundary condition at the exterior

The outdoor temperature may vary strongly during the day, and from day to day. How-
ever, variations with a short time period or duration can be neglected.
The following approximation of the outdoor temperature is used:

Tout(t) = Ty + T - sin(2r(t/t, — 1)) (7)



Here, T} is the annual mean temperature, and 7} is the seasonal amplitude of the tem-
perature variation with the time period, ¢, of one year. The phase ¢, is choosen in order
to achive the maximum outdoor temperature at the right time of the year.

The sinusoidal temperature, (7), represents weekly mean temperature during the year.
In order to calculate the peak effect we need to represent the outdoor temperature in
greater detail, in particular during the coldest period. It should normally be sufficient to
use a single suitably chosen pulse, which the duration time ¢;. The magnitude of the pulse
is T,. The value of T} is negative for a cold spell. The maximum heat loss is obtained at
the end of the pulse.

Touf (°C)
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Figure 2: Representation of the outdoor temperature. The dashed curve represents the
cold-spell for peak efekt calculatins.



3 Working with CRAWL

The following input data are required:

Qe
B
C

A’Uindoor

Ul
Z

Convective heat transfer coefficient at the crawl-space surfaces (W/m?K)
Width of building (m)

Volumetric heat capacity of the ground (MJ/m*K)

Moisture supply to inddor air (indoor air ventilation) (g/m?)
Height of the crawl-space (m)

Depth of soil layer outside the building, see Figure 1 (m)
Length of building (m)

Thermal conductivity of the ground (W/mK)

Air exchange rate for the crawl-space, (n = R,/(A- H)), (1/h)
Start time for the heating season (days)

Stop time for the heating season (days)

Duration of temperature pulse (days)

Magnitude of temperature pulse (°C)

Ground insulation thickness (m)

Thermal conductivity of the ground insulation (W/mK)
Annual average outdoor temperature (°C)

Amplitude of the seasonal outdoor temperature variation (°C)
Indoor temperature (°C)

U-value of the floor (W/m?K)

U-value of the crawl-space wall (W/m?K)

Moisture resistance of the layers on top of the soil, (10°-s/m)

The Input Data Window is shown in Figure 3.
As an alternative, English units (Btu, ft, h, °F) can be used both for the input data
and the output. Alternation between Sl-units and English units can be made in the

Options menu.

3.1 Restrictions on input data

There are the following restrictions on the input variables:
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£ Input data

Praject title: Mew project

Building length and width, L= | 1200
[oeam
[oa0

Indaor temperature, Ti= I 20.0]88

Height of crawl-space, H=
Depth af zoil laper, H1=
Outdoor temperature: M aximunm value at
Annual mean walue, TO=

Seasonal amplitude, T1=

. Iv 29 'I
| 50 C
| 100 C

Ground insulation:  Thickness Therm. cond

| 0080 | 0040 kg
U-values: W all Floor

[ 0300 | 0750wk

Soi:

Sob Moisture resistance, Z=| 5.000 1000 =/m
Thermal conductivity, Iambda=| 1.500 _?J k)
Wolumetnc heat capacity, C= I 2.00 _?J bl A rveE]

Heating seazon:
-]
or

Stark time, ta= IV i
j c:rl

Step pulze during cold period:
Temperature pulze, TZ2= I -15.0 T
Diwration of pulze, k2= I 7 dayz
Rate e | 200 qp
Wentilate with air from:
f* |ndoor Dutdo?l d\.-=| 2.000 g/

200 sy k)

250 o

Stop time, th= I“" 18 128 days

Wentilabion:

Convective heat transfer coeff. ac=

j'L Cloze |

Figure 3: Menu for input of data.



3.2 Climate data

A set of 7 data files (x.RH), containing the weekly average outdoor relative humidities
(given in percent) in different locations in Sweden, comes with the program. The data
are taken from [2|. The files start with a string of information on the first line, giving
the location. The second line contains the number of weekly mean values that will follow.
This integer number is larger or equal to 2 and less or equal than 53. Relative humidities
are given for the weeks between 0 and 52. Only integer numbers can be used, and the set
of data must contain the week number (0 and 52. Linear interpolation between the given
weeks are used in the program.

New files can of course be created for other locations, as long as the same format of
the ASCII-files are used. The files must have the extension *.RH.

KIRUNA.RH Weekly mean values of relative humidity in Kiruna, Sweden
HARNOSND.RH Weekly mean values of relative humidity in Hornosand, Sweden
OSTERSND.RH Weekly mean values of relative humidity in Ostersund, Sweden
VASTERAS .RH Weekly mean values of relative humidity in Vasteras, Sweden
GOTEBORG.RH Weekly mean values of relative humidity in Goteborg, Sweden
KALMAR.RH Weekly mean values of relative humidity in Kalmar, Sweden
MALMO.RH Weekly mean values of relative humidity in Malmo, Sweden
The input data are tested so that they fall within acceptable limits.

3.3 Output data

The following output are produced:

Tusy, Tes, Tys Steady-state temperature for the upper surface, the air and
the lower horizontal surtface (C°).

Tup, Tep, Tiap Amplitude of periodic temperature for the upper surface,
the air and the lower horizontal surtface (C°).

T, Tei, T Temperature at the end of the pulse for the upper surface,
the air and the lower horizontal surtface (C°).

B by, PPty Pty Time lag for periodic temperature for the upper surface,
the air and the lower horizontal surtface (days).

K, Accumulated heat loss over the heating season (J, kWh).

Q)] 0e Peak effect during the winter (W).

Qs Annual mean heat loss (W).

@l Amplitude of the periodic heat loss (W).

tiag Time lag, (days), for the periodic heat loss.

bp The phase delay, (-), for the periodic heat loss.

The output data window is shown in Figure 4.

The heat loss through the floor is denoted by Q(t) (W).We get a steady-state (time-
independent) component (), and a periodic one @, ():

Qt) = Qs + Qp(t) (8)



,5-’5! Output data

Eile Font Size upjdown

=181 x|

Hew project
G/LT/E003 10:41:47 &M

OUTPUT DATA

Temperaturs of crawl-space:
Hean
Upper surface: Tus=16.1°C
Bir: Tes=16°C
Lower surface: Tds=15.45°

Heat loss through floor:

Energy demand
Peak effect demand

Zuplitude Tine-lag
Tup =1.171°C 31 days
Tep =1.26°C 28 days
Tdp =1.34°C 32 days

Hean Buplitude Time-lag
Qs=280.6 1 Qp=84.25 31.01 days
Pulse: Tu=-1.317 To=-1.487 Td=-1.471
T™vO =z0
WL =0

Ey=£410 MJ {1720 kWh)
Omax=0 (t)+0t ,max=453. & W

Anmusl heat loss Qs=z80.5 W
Periodic heat loss aup. Opmax=84.23 W
Periodiec heat loss time lag  31.01 days
Max heat loss due to pulse Qomax=54.78 W
Phase delay Phi=0.31
INFUT DATA

Length of building L=1Z m

Width of building B=S m

Height of crawl-space H=0.6 n

Depth of soil layer Hl=0.4 m
Indoor temperature: Ti=z0°C |
futdoor temwperature:

Maximum valus at: v 28

Anmusl mesn value TO=5"C

Seasonal smplitude T1=10°C
Cround insulacion:

Thickness di=0.05 m

Thermal conductivity lawbdai=0. 04 W/ in K}
U-Values:

Wall Thr=0_3 W/m? K

Floor ME=0_ 75 Wimd K

#0il: £
L1 _’l_l

Figure 4: Menu for output of data.

The accumulated heat loss over the heating season, starting at the time ¢, of the year

and ending at t;, becomes:
tp

E,= | Q(t)dt (9)

ta

Let Q:(t) denote the extra heat loss due to a cold spell. The peak heat loss due to a
superimposed cold spell becomes:

Qt) = Qs + Q1) + Q1(t2) (10)

The time lag for the crawl-space air temperature T? is given by ¢ - t,, were ¢% is the
phase delay. With these output data the crawl-space temperature becomes:

Te(t) = T2 + |TZ] - sin(2n(t/t, — b1 — ¢7)) (11)

Formulas for the upper and lower crawl-space temperatures are obtained from (2-3)
by exchanging index ¢ by wu or d.
The heat loss through the floor becomes:

Q100r(t) = Qtoor — |Qroor| - (27 (t/1) — $1 — BF)) (12)

The graphical window is shown in Figure 5.
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Figure 5: Menu showing a crawl-space temperature and relative humidity.

The chart shown in the Graph Window has several options, which is shown in Figure 6.
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File | Cptions
Show temperatures and heat losses

® Show termperatures and relative humidities
Showe temperatures and humidity by wolume

w Show outdoor bemperakure Touk
v Show crawl-space kemperature T

v Show heat loss QfE)

v Show annual mean beat loss Qs
Show petiodic heat loss Qp

v Show heat loss due to pulse Gk
Shots heating season

v Show outdoor RH (RHouE)
v Show crawl-space RH (RHC)

Use fixed scale 0-100%

v Show crawl-space RH using no ground moisture supply, (RHc_dwgr=0)

v Show outdoor humidity: (vauk)
L+ Show mositure supply From ground {dy_ar)

o
nt--

=4--

=10l x|

--=- Tout
Tc
= RH outdoar
——RH crawl
——FRH crawel, dv_gr=0

=10 %]

e
File v Legends visible
Undo zoom
M= o Blue panel
&y
Edit Litle
an
- Edit chart
Temperature of crawl-space:
Mean Aunplitude Time-ladg
TUpper surface: Tus=1&.1°C Tup =1.171°C 31l days
Air: Tos=16°C Tep =1.Z&8°C z2g dawys
Lower surface: Tds=15.45°C Tdp =1.324°C 32 days

Figure 6: Sub-menu in the Graph window showing different options.




Appendix A. Changing the chart properties

The properties of a chart may be changed by the chart editor (Options/Edit chart), see
Figure Al.

Editing Chartl H
Char |Eeries |

Serizs | Gererl | &ds  Titlzs |Leqend| Fanel |Paqinq | Walls | iD |

- Alignmant;
ITIﬂF! i Far:... | Bordar... |
fu] 4} Bordar r Left

¥ Wisible:

= Cener
Bock Color... | Eallerr.. |

[ Adiuzt Frarma " Bight

Figure Al: Chart settings may be changed in menu item Options/Edit chart.

There are two principal sections to the Chart editor, Chart parameters and the Series
parameters, which are separated as two tabs of the Chart Editor. To get help on any topic
in the Chart Editor, select the help button (question mark) at the top right hand side
of the Editor window and drag it onto the Topic in question. Some of the chart display
parameters is described below:

Chart pages

Series - Change of a series type to line, bar, area, point, etc

General - Chart rectangle dimensions, margins, zoom and scroll, print preview and export
Axis - All axes definitions. Some parameters depend upon the series associated with the axis.
Titles - Title and Footer

Legend - Legend display. Formatted displays work in conjunction with the chart serie

Panel - Chart Panel display properties. Colors, bevels, back images, color gradient and border.
Paging - Definition of number of points per chart page

Walls - Left, bottom and back wall size and color definitions

3D - 3D perspective options.

Series pages
Format - Contains Series type specific parameters
Point - Visible points, margins

General - Series value format, axis association
Marks - Series mark format, text, frame and back color and positioning
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