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Preface

Application of the Ventilated Improved Pit (VIP) latrines on
massive scale in future sanitation programmegin Developing
Countries is most likely. Therefore, a research on the venti-

lation aspects of thls sanitation system was necessary.

The main conclusion of this report: " The VIP latrine, a ven-
tilation study" is that, with regard to ventilation efficien-
ey, the VIP latrine functions properly as long as there is
wind blowing over the top of the vent-pipe,

Depending on the wind velocity, ventilation volumes (mB/s)
can reach significant values.

Details on the ventilation pipe as diameter, lengih etc. can
be found in Chapter 5, Conclusions.

Chapter 2 deals with theoretical background material, while
the other chapters reveal information on the field research.
The field research is executed at the Building Research Unit
(BRU) in Dar es Salaam, Tanzania.

The literature study, svaluation and report-writing fook place
in Delft, The Netherlands.
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Introduction

The mlnistry of Lands, Housing and Urban Development of the
United Republic of Tanzania in cooperation with Gauff Ingenieure,
consulting engineers/Dar es Salaam, is working on the Buguruni

squatter upgrading programme, The Buguruni area is in Ilala Dis-
trict within Dar es Salaam region,Tanzania.

A component of the Buguruni project is the construction of VIP
(Ventilated Improved Pit) latrines,

Experience from other VIP latrines in Dar es Salzam indicated
that VIP latrines ventilate reasonably.

In order to find the magnitude of this ventilation and the in=-
fluence of some parameters, this ventilation research was set up.
The effect of for example wind speed on ventilation of a VIP
latrine is not predictable, due to too many different aspects
(wind direction, slope of the roof, environment, etc.), a field
study was therefore necessary,

The field study is executed at the BRU (Building Research Unit)
in Dar es Salaam, where for this purpose an experimental VIP
latrine was built,

This report deals with the measurements on this VIP latrine at

the BRU.

A literature study has been undertaken, in Delft/The Netherlands,
to support the field measurement.

The over—all conclusions can be found in chanter 5.






Chapter 1 Ventilation Studies

Introduction

E

The ¥entilated Improved Pit-latrine (abbreviated by VIP) is

a serious option as a lowecost sanitation method. This simple
excreta disposal system differs from conventional pit latrines
in the way 1lt's constructed.

A conventional pit latrine is sometimes not more than a dug
plt or an oil~drum ir the ground, covered f.i. with planks

to facilitate squatting., The fence can be made of wooden poles
with in between palm= or bananaleaves or gunny sacks.

The VIP latrine differs from the conventional pit latrine by
having a vent~pipe, a more solid way +to construct -the pit,
squatting slab and superstructure.

The most striking detail of the VIP latrine is the vent~-pipe,
wich generates a strong updraft and so meintains a flow of air
downthrough the squatting platee. The effect of this air current
is to minimize odours and to discourage fly breeding within the
pit; moreover, if the exit of the vent-pipe 1s covered with

a mesh and the latrine superstructure is kept relatively dark
compared to the plt ( or the squat plate covered) any flies
wich do hatch out in the pit will be attracted to the daylight
at the top of the vent-pipe, where they will be trapped by the

mesh and eventually die,

The VIP latrine technology is identified by the World Bank on
technical, social and financial grounds as a realistic option
for sanitation.

Several types of ventilated improved pit latrines have been
developed, In the series of the World Bank of 'Appropriate
Technology for Water Supply and Sanitation'! some types of VIP

latrines are described,
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1e2 Goals of the research

Pilot projects, as there was the Dar es ‘Salaam demonstration
project, revealed that the majority of the VIP latrines do
ventilate satisfactorily,

The questions put forward in this research are:

~ Yhat is the magnitude of the ventilation ?
« What kind of factors have an influence on ventilation ?

~ How much influence has each factor on ventilation ?

The results of this research should give design guidelines for

~a VIP latrine reference to ventilavion,
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13 Ventilation

16341 Definition

Ventilation is defined as the c¢irculation of fresh air,
Natural ventilation is Qentilation wich is the result of
the influence of wind/or the influence of a difference in

temperature between air outside and air inside.

The purpose of ventilation is to minimize odours and thus to

increase the comfort of the latirine,

The two main sources of odours ere: -the pit content

-excreta fouling the

squatting slab.

A proper maintenance (cleaning regularly of the squatting

slab) should prevent the second source. '

The first mentioned source should be kept to a minimum by

f.is a contineous air flow trough the key-hole in the squat-

ting slab into the plt or by keeping a cover on the key=hole,
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Fiz. 1.6 Ventiletion openings on test latrine






Openings, important to ventilation. ( VIP latrine, BRU )

A |Front side, above door 1100 cm?
B Two small openings 80 cm2
C |Side walls (each) 160 cm®
D Back side 440 cm2
I Key hole 655 cm2
F Ventilation pipe diameter 10,15, 20 cm

Table 1.1 Ventilation openings on test latrine,







1.3.2 Tvoes of floz

Two ventilation flows can be defined :
a3 Cross-ventilation: By cross ventilation I mean, a flow
of air entering and leaving the superstiructure throug!
ventilation openings in the walls of the superstructure.
The magnitude of this ventilation flow is not measured
at the test latrine,
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Fig. 1.7 Cross ventilation

This type of ventilaiion depends on :

a = ind ( velocity, direction) /
b =~ design superstructure (position and flov characteristics of

all openings, construction supcrstructure)






British Stardards gives for a construction as the VIP latrine

for the distribution of pressure at the surface. ((p)

! W ! I w l
>
a b 1
d
h
Height ratio h [ 2.2 29
v 1ol
Plan retio % = 1 -
Cp for surface
oL A B c D
0 0.8 0,25 0.8 0,8
90 0.8 0.8 0.8 0,25 Table 1.2 Coefficient of pressure zt
the surface

Ventilation volume:Qu (?;s) =C x ( Cp)%

C depends on wind velocity/ventilation openings.

_
_% r’
b: Piteventilation: Pif ventilation —
occurg when a flow of air is entering 5 gaao —

the pit through the key-hole, passes
through the pit and leaves the pit
through the vent-pipe. Wind blowing
over the top of the venl-pipe creates
an underpressure by wich ventilation
is induced, A4 chimney works according

the same principle,

Fig. 1.8

Pit ventilation
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1:3:3 Factors influencing ventilation

Factors wich might influence the ventilation to more or less

extent are listed here under,

1. wind velocity

2« wind direction

3. angle of the wind, compared to horizontal, in relation
to the top of the vent-pipe

Lo diameter vent-pipe

5. diameter top vent-pipe

6. length vent-pipe

7. height top vent-pipe to roof

8, location of the vent-pipe inside the latrine

9. mosquito gauze on top of the vent-pipe

10. a cover on the squatting plate

11. ventilation/light openings in the superstructure

12, weather conditions, other than wind

13. surface roughness of the vent-~pipe

14e location of the latrine in relation to the surroundings '

15, design superstructure

Not all factors are discussed in detail in this report. Only
with the direct results of the measurements will be dealt here.

The advantage of the experimental VIP latrine at the BRU was
that some parameters could be monitored.
The following parameters :sdiameter vent=pipe
~height vent=pipe above the roof/
length vent=plpe
- the use of enlargers/diameter top
vent-pipe
=location of the vent-pipe insgide
the latrine
- mosquito gauze
- cover

- door open/closed

later on in this report, the influence of above mentioned
parameters on wind velocity/ventilation velocity relation
will be discussed.

10






1.4 Standards

In order to get an idea of how much ventilation, calculated
as(m%/h\of fresh air flowing through the vent-pipe, is required

some standards from several countries are put together.

The Netherlands (1) NEJ 1087

United Xingdom (2) BS 5925
India (3) 1Is 3362
Australia (L) As 1668
(IAVE Guide) (5)

1+ The Netherlands

living room 0,021 ~ 0,042 m3/s (75 = 150 m%/h )

other rooms 04001 m3/s per n° floorarea with a minimum of
0.007 m3/s (3.6 m3/h per n” floor area)
bathroon 0.014 /s (50 w/h)

Water Closet 0,007 /s (25 w/h)

2.United Xingdom
See fig. 1. 9 Air supply rate for odour removal.
This figure gives as required ventilation for a room with a

volume of 32,3 o> the number of 11,1 litres/second (40 mB/h)

Air supply rale per person |litres / second j—— ==

5 10 15

velumat~c allscahion ger persan (77 zerson) ——=

At sunply rate tar odour remaval

Figs 1.9

1
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3¢ India

Living room and bed room

Bathroom and W.Ce

4e Australia

General living area, bedw-

rooms

Kitchen
Bath, Toilet room

5¢IHVE Guide

Three changes per hour should be pro=
vided

Three air changes per hour should be
provided

Minimum fresh air requirement
per person 2¢5 L/s

10 L/s

10 L/s

Table B 2,2 Mechanical ventilation rates for various types of

buildings, lavatories and toilets, internal 6-8 recommended

air change rates ( h -1)

The standard for latrines are based on,a: 1nside toilet

b: water=closet

The Dutch and Indlan standards do mention that the standard
for a W.C. 13 bagsed on the idea that eonsiderable wventilation

after use is desirable,

With a pit latrine we should not only congider that there will

be an unpleasant odour after use, but secondly also of a smell

from inside the pit wich might enter the superstructure through

the key=hole, To get rid of this nuisance a large but especially

contineocus flow of air through the vent-pipe is preferable,

Calculation example

A VIP latrine

Standards in m3/h

1

2 figure gives 12.24 L/s
3 three times 2.1

4 10 Litres per second

5 elght times 2.1

floor area 1 m2

height 2.1 m

volume VIP 2,1 m3

25 w/a
14
6.3
36
16.8

12
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When we transfer the standards to the minimum required ventilation

velocities for different vent-pipes, than we get the following

values,
Diameter (inch) 4 6 8

( ecm ) 10,16 15424 20,32
Area cross—section (cmz) 81,07 182,41 324429
Standard m.
1 25 w/n 0.86 n/s  0.38  0.21
2 4 v 1.51 0.67  0.38
3 6.3 " 0.22 0.10 0.05
4 36 123 0455 0,31
5 16,8 0.58 0,26 0.14

Table: 1.3 Minimum ventilation velocities, according different
standards for a 4", 6" and 8" vent-pipe.

13






Chapter 2 Theoretical background

2¢1 Introductlion

The principal of natural ventilation is old. However information
on the type of ventilation, mentioned in chapter 1.2.,3 as pit
ventilation, typically for VIP latrines is hard to find. The li-
terature referred to in this chapter originates from 1932 to
1958,

Subjects dealt with in this chapter are :

- the principle of creating draught in a pipe by wind.

= Influence of wind velocity and =gradient on draught in a
plpe.

- losses in flow due to friction and mosquito gauze.

-~ The last sub-chapter deals with the influence of sun radia-
tion on ventilation on a type of VIP latrine, as built at
the BRU, A 24 hour measurement of temperatures in and oute

gide the latrine is used as basis for this chapter.

Unfortunately no information is found on the influence of pipe
diameter on draught.

14






2.2 Secundary flow

e — ]

Secundary flow 1s flow induced by a main flow. Examples of

secundary flow are shown in fig, 2.1 and fig. 2.2.

The rain flov (horizontal) approaching the pipe over the

full lenght induces two types of secundary flows.

Grundwirbel
od Luv-Wirbel

]
SIS ST
Schnitt A- 8

FuBwirbelbildungen

Fig. 2.2 eddies, on
Flg. 2.1 Ground-thirle, top-pipe.

I A ground-vwhirle near the basis, fige2.,1, is created because

the maih flow encounters near the ground some resistance,

This whirle plits up in two weys around the obstacle, one to
the left and one to the right, These two whirles will continue
in the direction of the flow as two small spiral-like whirles.
You can notice a ground-whirle as a draught near/in front of
big buildings or mountains. Ref. 18 mentions this mechanism

in refersnce to roofs of high buildings, especially on wich

chimneys are located,

At the free end (top) of the pips, two eddies (fig. 2.2)
are induced by the main flow, wind.

At the same time a strong draught and flow (vertically) is
created in the pipe by this effect.

15






Pressure- and velocity measurements, in a research by H.Fottinger,
show a relation betwsen the statical underpressure 4 p in a
chimney divided by the wind=-pressure and the flow velocity in the
pipe divided by wind velocity.

This relation, fig., 2.3, shows that the underpressure dropps,
initially quickly and later on slouly, to zero with increassing
flow velocity wvhen the in- and outside veiocities equalize,
Characteristics of the chimney are unfortunately not mentioned in
this report ( refs 19).

star Unterdr im Schornsten gp
Staudruck im Windxanal ¢

Verhaflms
70

T ] T I '
|
! i |« ve1987s Windgeschwindighert
. | e pe8?- . ' - !
| | |

!

| o
N L
, S

g a5 HAR 5<7'5 - 20
- Luftgeschwindighert 1im Scharnstein 75
Verhdims -Lullgescindigh —-

Figkail. [7
igha (

WTT-13L1))

Fig. 243 Draught in a chimney

2.3 Windtun-el ovperiments on several tvpes of chimney

cans, influence of wind gradient,

In the Netherlands many types of chimney caps have been developed,
In order to compare several types of chimney caps, wind tunnel
experiments have been undertaken, (The Hague 1938, Gasstichting)
Ref, 16)

View A_p Cross=section BB

Installation in windtunnel
16






The study finds a linear relation between :
I : Uind velocity (Vw) and ventilation velocity (Vv)
II ¢ Wind pressure Pw and underpressure A p, measured

by manometer c,

From the 34 types of chimney caps tested, the five shown in

fige 2.5 are of interest to us.

N
(&)

- -
187 136 124 136 .
100 33 83 93 92
Number I IT I1T Iv '
Materials metal metal metal stone netal
Measurements in mm Fige 245 chinmney caps

The wind gradient has an influence on ventilation efficiency,
as can be noticed in table 2.1. The tadle shous some of the

results from the research done in 1938,

17






Table 2.1: Average value of Ap/Ps see fig. 2.4,(Vv=0; wind
velocities: 2.6
567
and 11,2 n/s)

vind gradient
Chimney cap 390 #3845 =0 A=L5 4-90

\ 0.42 0.68 0,96 0.11 =0.52
I -0,92 =0.,80 Q.87 0.47 0,17
IT 0.82
III 0.80
v 0.92

|
I
i
l

| I
!
I Representation
) of table 2.1

|

|

I
{ i
) ]
| ‘\\\\\\\\:
| |
’ : Fige 2.6
! !
]

%

} Y —» »

Chimmey caps type II,III and IV show a similar behaviour as
tvpe I

From table and figure can be concluded that for horizontal
wind the draught will reach an optimum.(Ref 17 gives -5/=10°
as gradient as optimum),
Positive gradients will reduce ventilation efficiency very
quicklye. Wnen the gradient exceeds +24°, due to wind blowing
into the top of the pipe an over=pressure is created, the difference
in pressure will become negatlve,

18






A Losses in flow

et Pipes

The head loss due to friction may best be determined by the use of
a rational formula: 2

2f1lvy
H z di (1)

where

H = Head lost, metres of fluid flowing (m)

f = Coefficient of friction (fig. 2.7) (=)

1 = Lenght of pipe (m)

v = Velocity of air flow in vent—~pipe (m/s)
g = Acceleration due to gravity (q/sz)
d;= Internal diameter of vent-pipe (m)

The pressure loss per unit lenght of pipe (specific pressure loss)
is given by :

ap = A% = HhTeg (2)
where
AP = Progsure loss (N/m2)
Ap = Pressure loss per metre run of pipe (N/m3)
( = Density of fluid flowing (kg/n)
Combination of 1 and 2 gives , 2
Ap = = fdv (3)

The coefficient of friction f, is a variable dependent upon:

a, the physical characteristics of the fluid flowing, the welocity
of flow and the internal diameter of the pipe, wich three com-
ponents mey be combined for consideration in terms of Reynolds

Number, a dimensionless quantity:
v de vd

where

(Re) = Reynolds Number

€ = Density of fluid (kg/m)
AL = Absolute viscosity of fluid (kg/ms)
V" = Kinematic viscosity of fluid (m%/s)

19
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be. The roughness of the pipe wall relative to the internal diamever,

wich is expressed in terms of a dimensionless ratio, kS/d’

where ks is a lineal measure of absolute roughnes having the

same dimensional units as the diameter.

The relation between the coefficient of friction f and these compo-~

nents involves the use of the followlng expression:

{(Re)<2009
Here flow is streamline or laminar in character, the roughness of
the pipe walls is not a significant factor and the coefficient of

friction may be calculated from the formula of Poiseuille:

£ =) (5)

o a

have velue., The formula of Colebrook and Vhite has now been generally
+
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Relie? Mosquito gauze

The head loss due to mosquito gauze can be represented by the
non~dimensional loss coefficient )\=APt/%~@v2
where: APt is loss in pressure due to mosquito gauze/V=velocity

of air flow in vent-pipe.

Knowing the characteristics of mosquito gauze :

dy diameter of the wire (m)

nl,n2 number of wires per linear meter in each di-
rection,it 1s possible to calculate the air flow head loss through
the mosquito gauze as follows (ref.19):

1) Calculate the fly screen porosity, a, from the equation:
a=(1=4dynl) (1=d4mn2)

2) Calculate the modified mosquito gauze Reynolds Number, Rm,
from the equation:
Rm = Re (d,/dja)
where Re is the standard Reynolds Number of air flow in

the vent-pipe and dj is the vent-pipe internal diameter (m),

3) Calculate the fly screen head loss coefficient, )\, from one

of the empirical equations:
for Rm{ZO:

A= (33.93/Rn)-((1-a)/(+e)a 1*37))
for Rm ) 40: .

)

A= (6/8a'/?): ((1=a) oP)
Inter polation for 204 Rm¢{ 40

A=x+ (2m =20} / (x-4) /20

X= (33.93 (1=a)) / (20 ( 1+a) a
Y= (601-a)) /(3.4155-27)

1.2‘7)
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2,443 Calculation example, head loss
I due to friction

IT due to mosquito gauze

The formulae required are described in chapter 2.4.1 and 2.4.2.

extra information;

Q= 1.17(kg/mf)

( +=30°)

dy, = 0.25-107(n) V= 16,0+ 107° (2%/s)
a1 = 5.5 .10° 1 = 2.80 (m)
n2=7 .07 k= 0.000015 (m)
a = 0,712 g = 9.8066 (/s
= 0.5 n/s
Re 3281 4375 6655
1 0.011 0.0098 0.0086
" 0.0144 0,0099 0.0058
I AP 041652 0.1136 0.0665 (N/u?)
Rm 11 11 11
A 0.506 04506 0.506
II APt 0,074 06074 0.074 (11/n°)
v = 1.0 EVS
Re 6562 8750 13312
£ 0.0087 0,008 0.0071
H 00473 0.0328 0.0193
I AP 0.5427 0.3763 0.2214
Rm 22 22 22
04404 0,04 0.04
II 4Pt 0.236 04236 04236
V =2,0mn/s
7% 13125 17500 26625
£ 0.0071 0.0067 0.0061
" 2.1566 0.110 0.652
I ar 1.7963 1,221 0.7.431
Pn 4 m 2
0,266 0.956 0,966
II APt 2.26 (¥/n%) 2,26 2.26

Table 2.2 Head loss calculations
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I friction :

II

- inereccing diazver stous a reduction in pressure-loss

- increasing ventilotioa veloeity results in an increasing

pressure loss,

mosquito gauge

~ diameter has no influence on pressure loss (N/mm2)

- ventilation velocity has a significant influence on pres-

sure loss,

The high pressure loss with ventilaticn velocities above 1 (z/s)

is hovaver nov of inverest to us, because the minimum required ven-

tilation velocity for the smallest diameter, 4" or 0.10 (m), is
86 (m/s) (4" = 0.86 ; 6" = 0,38 : 8" ~ 0.21 (n/s))

O.

v= 2 s)
Ve (”/;)
v = o8 (M)

- 8Py V=i (M)

E _—- - — —_—— — —
T 4P: O
- ) o 0]
- 1> SR N _ .
B X
—_ a -
o - - _ ————.
Q
_—— —— o -
x X \e
A
0 T b
oo L4 0.213
DIAMETER d; M) —
Fig, 2.8 Losses in flow

I AP duse to friction
IT AP. due to mosqunito gauze
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245 Influence of Temperature on Ventilation

It is not difficult to realize that temperature, and to be specific

a difference in temperature, will influence ventilation.

The density of air is different for different temperatures.
As we look at table 2.3 we see that f.i. the density at 0 °C is

(=1.29 (kg/w’) and for t is 30 % = 1.17 (kg/n").

Table 2,3 Some properties of air

i Tenp. % 0 10 20 30
e(kg/m3) 1429 1.25 1,21 1.17 | Density
-6 2 :
Y (107" n/s) 13.3 14.2 15.1 15.0 | Kinematic viscosity

The difference in temperature between the air inside the pit and

the ambiant outside temperature causes a pressure.

Liftungsanlagen in "ohnungsbau ppe 17 (ref.s) gives the following

formula :

1. at i 2
ap = 1@ = (kg/m")
. . (" 2
Ap = pressure arisiag (lzz/a")
h = vertical distance between inlet and

outlet openings (m)

At = difference in temperature (°C)
C = density (kg/n°)

(1)

The THVE Guide calles the influence of temperature "Stack Effect”.

Their equation for calculating the pressure in a building due to

the inside/outside temperature difference is:

ap=3462h R N
to + 273 ty + 273

t, = outside temperature (OC)

ti = inside temperature (°c)

4p = pressure arising (N/mz)

24
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This difference in pressure results in a ventilation velocity,

if we forget flow-resistance, of

v= (2¢g- pégf%

v = ventilation velocity (n/s)
p = pressure calculated (kg/mz)
g = 9.814 (n/5%)

Figure 2,9 shows the theoretical ventilation velocity due to
difference in temperature for several shaft~heights, according
formula (1).

w3 &~

ventilation velocity
— ~N
~
(5,

Shaft keight

\

Theoretical ventilation
velocity,depending on
difference in temperaturec
and shaft height,

Tigs 249

0 5 10 15 20 *C

temperature

Calculation example,

In Dar es Salsanm the tercperature does not fluctuate very much
during over 24 hours, The effect of day and night on temperature
in and around a VIP latrine can be seen in fig. 2.0 (}leasured on
20 Jan,1982, Vip latrine Kiwilani/DSH, 6" vent-pipe).
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Hour | T3 T6 A T=(T3=Tg)

08 AM | 29.2 2343 0.9

10 " 30,2 29.0 12

12 " (31,9 29.9 2.0

02 P | 33.0 3.1 1.9

04 ™ |32.3 31.7 0.6

06 " 31,8 31.2 0.6

08 " |29,8 30,7 0.9

10 " 129,2 30,0 0.8

12 " | 28.9 29.8 0.9 Table 2.3 :
02 AM | 28.1 2943 Te2 Temperatures
04 " [27.8 28,8 1.0 over 24 hours
06 wln7.6 28.5 0.9 in VIP latrine.

Temperature 16 : temperature inside pit

n n T3 : ambient outside temperature,

Both temperatures follow The same pattern during day and night.
A positive (negative) effect on ventilation can be expected if
T327T6 (T347T6H)

AT ranges beltusen + 2,0 and = 1,2

AT = +2;472 (1) 0.236 n/m2 &P (2) = 0.210 N/m2

AT = =1;8P (1) =0.141 N/a° 8P (2) = =0.128 1/a?

-T3

T

t - - e B B R S Sl I

] - ] 1 ~
09 AM 1 n o1 PM o4y 06  ad 10 2 o1 AM 0 06 o8
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Fig. 2.10

Temperatures
over 24 hcurs
in VIP latrine
(20 jan 1282
D3M/Tanzania)






2.6 Conclusions

The main conclusions are :

= There is a linear relation between draught and wind velocity.

~ The draught will reach an optimum in velocity when the main
flow, wind, is perpendicular in direction to the ventilation
pipe.

- A positive wind gradient has a negative effect on ventilation
efficiency, for a simple open vent—pipe. (fige 2.6)

- The character of flow in a vent-plpe is turbulent.

- Flow registance, due to mosquito gauze and friction of the
pipe wall, depends much on flow velocity.
The minimum ventilation velocities, less than 1 m/s, are not
significantly reduced by flow losses.

- The effect of sun radiation can be either positive or negative,
depending on the difference in temperature in- and outside the
latrine. Due to the small difference in temperature, the effect
is little., The advantage however is that the positive effect
will occur durlng the night when wind wvelocity can be low.






Chapter 2 Field Stud )

3s1 TIntroduction

The field study was executed in August 1982 at the Building Research
Unit (BRU) in Dar es Salaam. Regarding the necessity of exchanging
vent-pipes an experimental VIP latrine was built (Fige 1e3;1e43145
and 3.1). The measurements took place during day-tiume,

Appendix3 gives exact information on weather conditions and day pro=
gramme., This chapter deals with the test-site, equipment and test~-
programmes.

3,2 Wind condition in Dar es Salaam

Because wind is essential for a VIP latrine, some information about
the wind situation along the Tangzanian coast is given. Tanzania is
experiencing the North-kast trade winds from november to March and
the South~East trade winds from april to october. The monsoon pat=
tern is part of the global climate, This pattern is modified by the
land masses. Thus, along the Tanzanian coast the sea breezes are
modifled, The diurnal pattern of sea-land breezes during day-time
and to less extent, the land sea breezes during the night are
distinct, This pattern reaches upto 8=10km inland, depending upon
topographye.

Late nights are often calm, during the mornings the sea-land
breezes develop and at 10,00 AM wind speeds range between 3-5 m/s.
The sea-land breeze reaches a peak in the mid-afternoon, when wind
speeds decline towards the swening. Land-sea breezes start late in the
evening and continue until dawn, with wind speeds much lower than
during the day.
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2e3

eseripticn of the installation

3e3.1 VIP lajrine at 3RU

Figure 3.1 sﬁous the latrine as
built, It is a square latrine,
inside 1 m2, fron wich the slab
level is put on 0,95 m above the
ground level because of the high
ground water table, Tne vent-pirpe
is located inside. Ventilation

openings (sce fige. 1.6 and 3.2):

- Front side, above door 1100 cm2
- Two small openings go v
~ Side walls (each) 160 "
- Back side 440 n
- Key-hole 655

Walls and foundation @
Cenent/sand stoncs, thiclmess of
5 Ccha

Roofs

Sisal reinforced sheets

The VIP latrine stands relatively
in the open. The wind can approach
the VIP latrine from any side,

No trees or buildings are located
in the near vicinity., The nearest
buildingz is the BRU building it-
self, on a distance of approxi-

mately 30 m..
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Fig. 3.2 Schematic drawing of VIP latrine, including North indication.
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Eguipnent

In order to get an idea of the ventiiation, the velocity of the
flow of air going upwards in the vent-pipe is wmeasured.

Half-iway the vent-pipe a pitot tube is fixed to the vent-pipes
The pitot tube is connected to a micromanometer. The ventilation
velocity creates a differcnce in pressure. fhis difference in
pressure is converted by the apparatus back to velocity (m/s)

The velocity results are put on charts (chart speed 6 inch/h).

To find the wind velocity and direction nearby the top of the
vent-pipe, an anemograph os located 1n the vincinity of the
top of the vent-pipee—

Fig.3.5 sheows the installation.

The anemograpvh consists of an anemometer and a windvane, The
anemomcter records the wind speed and the windvane records the
wind directicne The results of the anemometer and the windvane

are put on charts (crart speed 3 inch/h).

=30 v

Fiz. 3.3 Fitot~tuba Fige344 Location pitot-tube,
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a

Fig.3.6 View of front side, taken from the top of
the VIP latrine. To the left, BRU building. To the
right, a bakery.
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b Parzreters selbtad

As mentioned in chapier 2 on factors influencing ventilation,

the Tollowing are selected.

1. Diameter vent-pipe

The Dar es Salaam Demonstration project has installed VIP latrines
with either 4 or 6 inches vent=-pipes. Both types work reasonably,
but the idea is that the 6" vent=pipe ventilates tetter.

The exact influence, if there is any, of diameter on ventilation
velocity (&/s) induced by wind velocity is not known.

The reason for choosing thres different diameters is {the hope to
find the optimum one within these differences. Chosen is for a 4",
" and 8" vent-~pipe, If the diareter has no influence on ventila-
tion velocity, then there might e a significant influence of dia-
meter on ventilation rate (ma/s). Cn the other hand one should bare
in mind, that esnme~cizlly for the very expensive PVC vent-pips
naterial costs increase significantly with increasing diameter,

The pipes used in the tests are made of PVC.

Vent-pipe Dian, (inside)  (Cutside) Thickness cross-cection
(iach) (cm) (em) (em) (cmz)
AN 10,5 11.0 0.25 86.6
on 1460 1640 1.00 153.9
gn 21.3 22.7 0.70 5643

Table 3.1 Information on veni-pipes used

2. Location of the vent~pipe
The location of the vent—pipe in relation to the door, roof or

ing slab mignt have some influeace (cee parameter 3) Three

I11 I1

Posszikle locations for

C;;;;:Z putting a vent-pipz.
Tize 3.7

(o8]

33






3. Height of the vent-pipe above the roof/length of the vent-pipe

The rocof is built under a ceriain

Fige 3.8 Top of VIP slcpe, to have rain directed backwards.

latrine. It is possible that the wind near the
top of the vent pipe doesn't move hori-
zontally, but somehow under a certain

engle, depending on wind direction and
location of the vent-pipe.A short vent—

pipe will experience more influence of

the roof than a long vent-pipe,.

Location I Length slab=roof 2.27 m.
Location II and III Length slab—roof 212 m.

Pipe length Height roof-top vent-pipe
(m) Loc.I Loc.II/ITI (m)
2440 0,13 0.28
255 0,28 0.43
2.80 0.53 0.68

Table 3,2 Relation between length; height roof-top and ioccation of

the vent-pipe,

4e The use of enlargers

An enlarger is a piece of the vent-pipe with a larger diameter as

the vent—pipe from the slab upto the roof. An enlarger is put on
top of the vent-ripe,

Ventilation is c¢created by wind bloidng over the top of the vent~

vipes There are two reascns to experiment with enlargers,

1e If only the top is imvortant in creating ventilation, than it

2e

is possible that a 4" vent-pipe with a 6" enlarger will have
the same result in m%/s 2s a 6" vent-pipe. Aa important reduc-—
ion in p=terial cost can be achieved.

'hen nosquito gauze is used, it vill decrease the open area at
the top, resulting in flow resistance. Increasing the diameter
ae top of the vontepipe will decrcase flov resistance in-

. R - .-t L val
ducsl By the Tesguilo spucc.
3
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Two combinaticnc are tested :
- 3 4" vent~pipe with a 6" enlarger and

- 2 6" ventepipc with a 8" enlarger

AH to 6“ 61 to 8n

horizontal scale 1 : 10

vertical scale 1 : 20

Fige 3.9 Znlargers

5. l'osquito gauze

The funciion of 2 vent-pipe is not only ventilation, but also

to work as a fly-trap, Flies attracted by the light coming
from the top of tie vent-pipe, want to use the vent-pipre as exit,
The wvay out taroush tne veni-pipe can be blocked by moszulto

gauze. It is logic that due to the mosquito gauze there will be

a reduction in the ventilation velocltye. (chapter 2.4)

=
u
o

d
Fige 3410 The moscuito gauze is put
ilosquito gauze on flat on top of the vent-pipe
top of vent-nipe, and fixsd to it with an elastic,
6. Cover

3

A way to keep the pit dark and to prevent smell from the pit in-
to the superstructure is by putting a cover on the key-hole. A

disadvantage of using a cover is that it will be a significant

barrier for a2ir flow,.

%
/
L
Mize 3,11
Coval
A
g
.~
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7. Door open/closed

The VIP latrines built in the Unlcef rural sanitation project
in Iringe, Tanzania, are not equiped with doors, but L-shaped
walls should guarantee privacy.

Although the VIP latrine at the BRU doesn!'t have a L-shaped
well, it seemed interesting what would be the result when the
door 1s kept open during the measurements.

Fig. 3.12 Vip latrine equiped with L-shaped wall.
(Unicef rural sanitation project,Tanzania)
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3.5 The test programme

Testing each alternative of the seven varameters would regquire

240 tests/measurements.

Parameter

144  dilameter 5 4", 4"enl, 6M,60,
6mtenl,Bn, 8,

2 location vent-pipe 3 I,IT and III

3 length vent-pipe 3 2440m, 2,55m, 2.80m

5 mosquito gauze 2 yes/no

6 cover 2 yes/no

7 door open 2 yes/no

The most important parameters considered, before starting the
measurements, were diameter and mosquito gauze.

The 6" vent—pipe is chosen as reference diameter., The alternatives
of parameter 2,3,6 and 7 are carried out with a 6" vent-pipe.
Measurements with mosquito gauze are executed for ome position and
on the longest vent—pipe. The idea is that the longest vent-pipe
length will evince no influence of position.

Therefore is chosen for the following programme, limited to 29

measurementse

Door open NO YES
Cover NO YES [YES | NO
Mosquito gauze NO YES | NO [YES | NO
Position 1 ol III II| 11| 1111
| Length a lb !¢ ‘b ¢ lg ! b | c le lec ¢ 1¢
Diameter 4" |- 1~ 1Bl |= 1= 182 |~ 1=.83|lD1]= |~ |<
(Menly 6" Je 4= VBLle 1w 185 | t= 'B6 D2l |~ | =
6n  {a1ia2v a3 (a4 a5 a6 (a7 a8 a9l D3] 1] c2lca
6rtenl. 8" = 1= 1B7 |= 1= 188 |= 1= 'Bolpal- |- |-
gn I 1o 1ol 1= B11 = 1= IB12|p5]= f |-
Table: 3.3 survey test programme a: 2,40 m b: 2.55m c: 2.80m

=: not covered
A6: code of specific test
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G er Recording and evaluation of the results

4ol Recording of the results

Each measurement, A1, A2 etc., will take at least one hour,

Two charts are being produced.

Chart 1 : On this chart the ventilation velocity, the veloci-
ty of the flow of air going upwards in the vent-pipe-
is dotted on rressure gensitive paper. This paper is
moving with a speed of six inch per hour. The scale
is from 0-10 m/s, chart width 5,9 cm,

Chart 2 : This chart gives the results of the anemograph. To=-
tal chart width 2,6 inches, chart width per channel
1,0 inch, Chart speed three inches per hour, The
left channel indicates the wind velocity, scale from
0~10 m/s. The right channel gives the results of the
windvane, wind direction.

t PR T IITO LTI TR pOTIE )
)‘(__nzgr 1;”*“'1‘1(‘“ ﬂ‘. J‘J:.II' et
5‘ ailtl R Mt ik
ST T T
U R T I R AR
S| IR IR
5 L AL R
Fige 4e1 Chart 1, Fige4es2 Chart 2,
ventilation velocity anemograph

During the measurements it was noticed, as expected, that there
would be a strong correlation between wind velocity and venti-
lation velocity. Both parameters were displayed on panel meters,
wich showed a gimilar behaviour, To make the correlation visual,
I enlarged chart 2 two times,

It is very difficult to read the results from the charts. There-
fore all recordings are photocopied and lines are drawn on the
photocopies, following the pattern of the points.(Fig.4e3)

One line indicates wind velocity, the other line ventilation
velocity. In order to find a characteristic relation, approxi-
mately thirty corresponding wind/ventilation point are randomly

chosen,
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A figure as fig. 4.4 reveals a linear relation between wind- and
ventilation velocity.

The relation between wind-= and ventilation velocity, expressed
in the characteristics: regression coefficient and intercept,
has been calculated for all the 29 measurements using the least
square method; ( Table 4.1)

g [
Q n

P
o A

VENT. VELOLITY (M) o
S wm._=° _

)
-y
i .

| . i T - - - Ty

L Cod
TTa% T 00 1§ 10 2.5 30 35 40 45 50
WIND vELICTY (Ms)—

ss

Fig. 4.4 Wind/ventilation velocity relation
(measurement A 2)
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Table 4.1. Results of the least square method (see also appendix 1)
Y =bx +2 b (=) regression coefficient ventilation (m/s)/wind (m/s)
velocity
a (n/s) intercept
The following parameters are calculated after the results of the leagt
square method.
Xo (n/s) minimum wind velocity to create ventilation (-a/b)
C (mR) regression coefficient ventilation volume(m3/§Vwind velocity
(b ¥ area cross~section vent-pipe)

Code b a Xo ¢ (%1077)
A1 0.7051 -0,1350 0.191 10.86
A 2 0.6656 -0.3506 0.527 10425
A 3 0.6477 ~0,3266 04504 9.97
A 4 05961 ~042926 0.491 9.17
A5 0.5510 =042772 0.503 6448
A 6 065521 =0,2650 0,480 8.50
A 7 045964 ~0,3770 0.632 9.18
A 8 0.5130 ~0.2225 0.434 7.90
A9 0.5763 =042906 0504 8.87
B 1 05856 ~0,3698 0.631 5,07
B 2 045460 =0.3507 0.642 4e73
B 3 0.6121 -0.3886 0.635 5.30
B 4 0.7921 =0,3903 0.493 6.86
B 5 047545 =0.4326 0.573 6453
B 6 0.6955 ~0.5164 0.742 6402
B 7 0.7241 =0.4941 0.682 11.15
B 8 047765 =0 4644 0.598 11495
B 9 0,7798 | =0e3844 04493 12,00
B 10 044498 -0,1685 0.375 16,03
B 11 0¢4494 =042160 04481 16.01
B 12 0.4719 =043843 0.814 16481
c 1 043214 =0,4889 14521 4e95
c 2 042486 =04 4457 1793 Le54k
c 3 044136 ~0.6504 14573 6437
D 1 044800 ~044935 14028 Le16
D 2 046835 -0.4853 0.710 5492
D 3 0.4844 -0,3885 0.802 7o 46
D 4 0.6566 =045075 0.773 10411
D 5 064291 =044957 1.155 15.3
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Table 4.2 : For all measurements: duraticn, max.-med.-min. vent.velocity,
maX,-ned,=min., wind veloecity, wind stability and wind direction,
wind direct,
Length Vente Vels (m/s) | wind vel. (n/s) | stebility prevail
Nr: | min. |sece| min. ave | max. | min. | av.® max. |bad|reasdgood| direct.
A1 | 64|58 |0 1e2 | 3,05 | 0.3 | 2.1 4.0 x ne
A2 | 73 | 37 | 0.2 Te7 | 3645 160 | 3.1 5.8 X n
A3 61 T 1 0a15 { 144 | 3.6 0.9 2485 6425 x n
AL LM 3910 | 1.6 |3.05 0.9 | 3.0 5.65 n
A5 | 65 | 57 | 0410 | 162 | 2,45 | 0.6 | 2,75 | 4e9 X n
A6 | 64 34| 0 06 | 1.9 0.25 | 175 | 3.9 X s s
A7 87 | 210 1ol | 3.7 0625 | 2.5 648 se
A8 63 0 0.9 | 2.2 0.6 2.3 Le65 se
A9 | 64 | 10 | 0.18 | 1.15] 3.2 0.8 | 2.5 6455 s—se
B1 67 | 43 {0 1251 2,7 0,30 | 2,75 5470 X e=ge
B2 | 59 (51 |0 1410 2,95 | 0,60 | 2.80 | 6410 e
B3 | 72|21} 0 135 3.0 0.80 | 3.0 5.75 o
B4, | 69 | 17 | 0.1 2.3 | 5.0 0.15 | 3430 | 6495 ne
B5 66 | 56 | o 146 | 4035 | 0,7 | 2.80 | 6.25 x ne—o
B6 59 | 51 | o Te1 3,70 | 0455 | 2,25 | 5450 e
B7 | 64 | 10| 0 0.85 3,55 | 0.5 | 1.8 be? e-ne
B8 65 | 45 | O 2.0 | 5,5 0.6 | 3.4 6.6 n=ne
B9 | 82 | 41 |0 Ted | 4e25 | 0465 | 245 275 ne
B10| 74| 1]o0 Te2 13,25 | 0.8 | 2,95 | 645 x n
B11 {110 | 14 | © 0s7512.35 |0 2.25 | 5495 x ne
Bi2| 80 | 19 | 0 0.62{ 2.6 | 0455 | 2.4 | 641 * +§°‘ne§
De=-NW
c1 56 1 18 | O 0e3 1435 | 0.6 24 549 x s
c2 51 58 | 0 0.2 | 1,0 055 | 2.5 5¢7 X WY
c3 | 4| 6|0 066 | 1,65 |1e1 | 3.25 | 549 X g
D1 61 110 0.95 | 2,7 0,75 | 3415 6.6 x e-ne
D2 75 | 59 | O 1.551 3,8 0.6 | 3.0 6435 x ne
D3 | 74| 1|0 0s65| 2,55 0.8 | 2,30 | 6.1 X S=sU
D4 91 | 44 | O 1851 4,2 1.10 | 2.45 666 x n=ne
D5 81 | 53 10 03 1175 {042 175 5.0 X e

The average vind velocity during the 29 measurements is 2.59 nm/s
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be2 Evaluation of the results

It would be ideal if the ventilation velocity could be described
as a function of wind, diameter etc.,

Ventilation velocity (m/s) = £ (wind, diameter, position, length,

mosquito gauze, door, cover)

Hypothetie solution : For position I,II,IIT,closed door and no

cover;

Ventilation velocity; (m/s) =c.wind veloeity +Pdiameter + log
lenght +Yporosity2mosquito gauze

Due to the limited number of measurements and the lack in lknow-

ledge of the theory, it was impossible to find such a solution,

A compleet analysis of variance, to test all parameters on signi-
ficance, could have been possible if all 240 tests had been made.

Unfortunately only 29 tests were executed.

4e3 Analysis of variance

4be3els Ventilation velocity, diameter

Diameter and position can be tested in a two-way classification,
Remarks:

door not open, no cover, no mosquito gauze, length vent—pipe 2.80m.

Position I IT 111
Diameter 4" | B1 B2 B3 (B1: code of
4" +enl.6" | B B5 B6 measurement,
6n | A3 A6 A9 see table 3.3)

6" +enl.8" | B7 B8 B9
gt | B10 B11 B12

Table 4¢3: code of measurements diameter / position,
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Each cell represents a measurement. For the analysis each measure-
ment, each cell, should be represented by one figure,

The regression coefficient (table 4.1) can not be used as repre-
sentative figure for each measurement, because most relation
lines do not cross the X=coordination line in, or near the same
point.

Taking the average valup of the ventilation veloeity would be ve=
ry inacurrate, due to the fact that the average value of the wind
velocity fluctuate reasonably.

This problem can be avoided by dividing the results of the measure-
I: wind velocity ¢ 2.5 m/s

II: wind velocity » 2.5 m/s

ments into two groups:

A first analysis can be executed by comparing the standard resi.
dual deviations. The residual standard deviations are calculated
with the least square method,

Mosq.gauze NO NO NO YES
Position I IT III IT
Diameter [ws € 2.5 ws 2.5 [ws€2.5 ws>2.5 [ws.€2.5 ws >2.5{ws€{2.5 ws>2.5
4" 10,1611 0.2532 | 0.1354 0.1239 | 0,1678  0,3004f 0,0853  0,1040
4Menls6" | 0,3131 042121 | 041753  0.3527 | 0.2391  0,5238| 0,1273  0.0998
6" | 0,2085 043431 | 041656 041423 | 0,0903  0,1495{ 0.2363 0,1212
6"tenle8" | 0,3985 0.8238 | 0.1370 0.4936 | 0.1800 0.4158| 0.1736  0.3043
8" | 0,1601 0e2432 | 0.1828 0,1388 | 0,2810  0.3991{|0,09838  0.1306

Remarks: no cover, door closed, lenght vent-—pipe 2.80 m

ws= wind speed (”Vﬂ

Table 4.4 : standard deviations linear regression calculations, ws ¢ 2.5 m/s
and ws ) 2.5 m/s.

From table 4.4 can be observed that :

- minimum standard deviation

0.0903,
0.8283,

The spreading in the standard deviation is too big, to use the average

= maximum standard deviation

value of the ventilation velocity for an analysis of variance. A wvari-
ance stabilizing transformation is therefore necessary.

- standard deviation ) 0.30 can often be found when:

a: an enlarger is used

b: windspeed >2.5 n/s.
The standard deviations are remarkably low when mosquito gauze is used,

4,







Mosquito gauze has a stabilizing influence on the results of the

measurements.

Variance Stabilizing Transformation

Explanation of the variance stabilizing transformation theory can

be found in Ref. 20 (p. 232/238).
Procedure : Ifyi= the average value of the ventilation velocity

m/s) in each ce nz =Y is e transforme
(m/s) i h cell, tha )’A the t f d

average value of the ventilation velocity,
A=l-a

& can empirically be found. (Fig. 4e5,table 4.5)

log Si Si = standard deviation

X =

blb
o=

At

{2y

Log f
[§

Fige 445 Calculation of variance stabllizing coefficient
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Table 445 Variance svabilizing transformation
Ti : average value of ventilation velocity {M@)

Si : standard deviation

7i :iﬁk
ws : wind speed I< 2.5 (n/s) , II 2 2.5 (m/s)

Code vs ¥i si log Vi . log Si Zi

B1 I 04638 0.1611 =0,195 ~0,793 0.849
B1 II 1.633 0.2532 04213 ~0.597 14461
B2 I 0562 00,1354 ~0e25 ~0,868 0,640
B2 1T 2106 0.1239 04323 =0,907 1.779
B3 I 04T 0.1678 ~0,327 ~0.775 0.559
B3 II 2,439 0.3004 0.387 ~1.522 1.993
B4 I 1,007 043131 0.003 ~0.504 1,005
B4 II 2,902 0.2121 04463 ~0.673 2,228
B5 I 0.718 061753 =0,144 =0.756 0.774
B5 II 2.821 063527 04450 =04453 24230
B6 I 0452 042391 ~04284 ~0.621 0.603
B6 II 24150 0.5238 0.332 ~0.281 1.808
A3 1 0.859 0.2085 ~0.066 ~0.681 0.889
A3 II 2,056 0e3431 0.313 ~0.465 1.746
A6 I 0.485 041656 ~0¢314 =0,781 04571
A6 II 16425 041423 0.154 ~0.847 14315
A9 I 0.411 0.0903 ~0.386 =1.044, 0.503
A9 II 2,053 041495 04312 -0.825 1744,
B7 I 04728 043985 ~0,138 =0.400 0.782
By II 1.586 0.8238 0.200 -0,084 14429
B3 I 0.796 041370 ~0.099 -0.863 0.838
B8 II 3.058 044936 0.485 -0,307 2,374
B9 I 0,609 01800 =0,215 =0e745 0,681
B9 I 2.836 0.4158 0.453 -0.381 2240
B10 I 04638 0.1601 =0.195 «C.796 0.706
B10 IT 1,708 042432 0.232 =0.614 1,513
B14 I 0.475 0.1828 =0.323 ~0.738 04562
B11 II 14595 041388 0.203 -0.858 14435
B12 I 0.486 0.2810 =0,313 =04551 04572
B12 II 1.373 043991 0.138 -0.399 1.278

@= 0.2265 A= 0.7735
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k =6

POSITION I POSITION 1T POSITION IIT
Diameter ws <25 /s |ws ) 2.5 w/s w8 { 2.5 m/a| w8225 0/s | ws<2.5 m/s |ws)2.5 n/s
AL 0.849 14461 0.640 1.779 0.559 1.993 1.214
4" +enl.6n 1,005 2,228 0.774 2,230 0,603 1.808 1441
6n 04889 14746 0,571 1,315 0,503 1744, 1.128
6" +enl,8" 0,782 14429 0.838 2,734, 0,681 2424 14451
ns=5
gn 04706 1.513 04562 14435 0,572 14278 1,011
0.846 1,675 0,677 1.899 0,584 1.813 Z=x1,249

Table 4.6 Values of transformed average ventilation velocities Z; ;Remarks 1 no cover

no mosquito gauze
door closed
length vent~plpe 2.80 m







Table 4.7 Analysis of variance table, transformed values of average wind

velocity.
ratio of

source of sum of degrees of mean mean
variation squares _ _[freedom square squares
diameter | S,= 0,901 nel =h |2 = 0,225 | s¥/s3 = 3.516
position/ws S.= 927 k=1 =5 SE = 1,854 |8 =29
residuals 4= 1272 (n=1) (k=1)=20 Sg = 0,064
Total S =11.,44 N=1 = 29

With information of table 4.7, the following can be revealed.

The F-test indicates that the influence of position/wind speed is absolutely
significant, This could be expected as a result of the division of wind
speed into two groupse.

The most important conclusion, however, is that the influence of the diaw
meter on ventilation velocity is not significant ( FO.05 (5/20)=4476))
within the limits of amuracy of this research,

be3e2 ventilation volume $m343L diameter

Ventilation volume calculated as :
ventilation velocityxArea of cross-gection vent=pipe,
(Flow characteristics, turbulent)

A
Joo

area of

2004
cross section

(em2)

Flg. Leb: diamete:/hrea of cross=-section
jod

20

Pe—— > diameter (cm)

An analysis of variance is applied on ventilation volume, ,position/

wind speed.



(L)



Table 4.8 Variance stabilizing transformation, ventilation volume.,

T
Code | ws |Ti=(TixA) |sit=(Sim) Log(¥it -10®) | Log(si'-i0’) | 71’
B I 5.52 107 | 1,39 =107 | 0.74 0,14 1.98
B1 IT 14e14 2.19 1.15 0.34 2.89
B2 I 487 117 0.69 0.07 1.88
B2 IT 18,24 1.07 1.26 0.03 3.19
B3 I 4he08 1445 0.61 0.16 1475
B3 II 21,12 2,60 1.32 sWA 3439
B4 I 8.72 2.7 0.94 0.43 2.38
B T 25.13 1.84 1,40 0426 3463
B5 I 6422 1452 0.79 0,18 2,08
B5 II 2443 3.05 1.39 0.48 3459
B6 I 4e50 2,07 0.65 0.32 1.83
B6 II 18.62 he5h 1.27 0,66 3.22
A3 I 13.22 3.21 1,12 0.51 2.81
A3 IT 31.65 5428 1.50 0.72 3.98
A6 I 74T 2.55 0.87 0u41 2.2
A6 II 21.94 2,19 1e34 0634 3eb4
A9 I 6433 1439 0.80 0,14 2,09
A9 II 31.6 2,30 1450 0.36 3.98
B7 I 11.21 6.13 1,05 0,79 2.63
B7 11 24441 5405 1.39 0.70 3459
B8 I 12.25 2.11 1,09 0.32 2.72
B8 II 47.07 7.60 1.67 0.88 467
B9 I 9.37 2.77 0.97 WA 2445
B9 11 43.65 6440 1.64 0.81 4e53
BlIO | I 22.73 5.72 1.36 0.76 3.49
Bl0 | II 60.86 8.67 1.78 0,94 5,17
B11 I 16493 6451 1.23 0.81 3.10
B11 I 56,83 4e95 1.75 0.69 5,03
B12 I 17.32 10.01 1.2, 1,00 3.13
B12_ | II 48,92 14422 1.60 1,14 4.7
Remarks : Yi s ¥; xA !ventil. volume (107> u?/s)
S'i' = _ standard devizz.tion -
Zi = Yi stabilized vaiue of Yi!
=1 - ol = 0,60
B1 / B6 A =3,66 10 2n?
A3/ A9 and B7 / B9 A =15.39 10 “2n°

B10/812

A =35.63 10 ~n
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POSITION I POSITION II POSITION IIY K=6
DIAMETER ws 2.5m/8 |ws 2.5m/s | ws 2.5 m/s [ws 2,5 n/s ws 2.5 n/s vs 2.5 n/s
40 1,98 2.89 1,88 3.19 1.75 3439 251
AL +en1.6" 2.38 3.63 2,08 3.59 1.83 3622 2.79
6n 2.81 3.98 2424 344 2.09 3.98 3.09
6" tenl,8" 2,63 3,59 2,72 467 2645 4e53 343
n=5
gu 3.49 5017 3.10 5.03 3.13 Lelh bell
2,66 3.85 2640 3.98 225 3.97 Z,= 3.19

Table 4.9 Analysis of variance transformed values of

ventilation volume,

Z -

t

Remarks : No mosquito gauze

No cover
Pipe length 2.80 (m)
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Table 4410 Analysis of variance table, transformed average values
of ventilation yolume.

ratio of
source of sum of degrees of mean square |mean
variation squares freedom squares
diameter = 9,22 |n-1 =4 2=2.31  |s¥/s% = 29.6
sb [ ] Sb L ] d [ ]
sition/ws | S =17.28 | k-1 =5 §2 = 3.6 |S%/32 = 44
po [ 4 (o] ¢ c/ d *
residuals 547 1456 | (n=1) (k=1)=20| 55 = 0,078
total S =28,06 | N=1 = 29
Fo.005(4/20) = 5.17 Fo.005(5/20) = 476

Table 4.10 shows obviously that the influence of diameter on ventila-
tion volume  is significant, The ratio of mean squares (Fq 005(4/20):5.17)
S%/Sg = 29,6 exceeds enormously the 0.5% significance level.

The high ratio of mean squares for position/ws can be explaned by the
division of the wind velocity into two groups.
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heded

uantification of influence of diameter on ventilation volume,

In table 4.11 the ventilation velocity / wind velocity relation is trans=
formed by multiplying with the area of cross=section concerneds to &
ventilation volume/ wind velocity relation.

y qaN Q A
vent, vent.
vel, b volgme c
»10—
(n/s) ( )
’ > X "~ > X
Xo wind velocity (m/s) Xo wind velocity (m/s)
Diameter | Code|  Xo b c*10™2 Q (mi/s) for a wind speed of
(#10°3) 2,59 n/s
An | B 0.631 045856 56071 9.93
4" | B2 | 0.642 045460 4e728 9.21
4" | B3 | 0.635 0e6121 54300 10436
4u+6"9nlo B4 0.493 0.7921 60859 14038
4"+6"enl,] B5 | 04573 0e7545 64533 13,18
1.,“+6“enl. Bé 00742 006955 60023 1" 013
6n | A3 | 0,504 0.6477 9,971 20.8
6n | A6 | 0,480 0.5521 8.499 17.93
6" | A9 | 04504 065763 8.872 18451
6"+8"enl.. B7 Oo 682 007%1 11 01 47 21 027
6""‘8"9!11. B8 Oo 598 0.7765 1 0953 23.81
6"48Menl,| B9 | 0.493 0.7798 12.004 25.17
8" ] B10] 0,375 04498 16,027 35.50
gn | B11| 0,481 044424 16,013 33.77
81| B12| 0.481 0.4719 16.815 35,46

Table .11

Results diameter.







Comparing the different values of c, ignoring the different values of x,
we see that;

Diameter / enlarger

Both, diambter and enlarger, are significant parameters,

a 6" enlarger put on a 4" pipe will increase efficiency with +29%
a 8" enlarger put on a 6" pipe will increase efficiency with +287

The respective figures in percentages of regression coefficient C
for the vent. pipes with/without enlargers are!

4 55%
LM 4+ 6" enl, -1

6 100
6" + 8" enl, 128

an 178

Roughly can be stated, that these figures can be applied also on ven=
tilation volumes (m%/s).

4e4  Mosquito gauze

The influence of mosquito gauze on ventilation has been tested on the
five different diameters,

The mosquito gauze used, is from Fothersgill & Harvey Lide U.Ke;
No, of threads/cm: 7.0 in one direction and
5¢5 in the other
Thread diameter : 0¢25 mm

per square cm, 0,288 cm2 is covered by mosquito gauze.

The reduetion in ventilation volume, due to the influence of mosquito
gauze 1s significant. (Table 4.11).

The average values of the ventilation velocities are transformed as
in table 4.5. The results are compared to the transformed values of
the ventilation volumes, of the identlcal tests without mosquito
gauze, minus two times the standard deviation. (0.078).
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Code |Diam. vs [T(w/s) |seds |T* 1072 217104 lcode |21’ - ,166
(mj/s) (table 4.8)
D1 A I [0,296 [0,0853 2.56 1446 B2 1,72
IT [1.503 (0,104 |[13.06 2.79 3.03
D2 4“"'6"3]11. I 0.427 001273 3.70 1069 B5 1-92
II |2.784 |040998 | 24411 357 bel3
D3 |6 I |0.338 ]0,2363 | 5.20 1.93 A6 2,08
IT [1.650 [041212 |25.4 3.65 3.28
D4 [6"+8"enle | I {0773 1041736 (11,90 2.69 B8 2.56
IT |2.553 10,3043 |39.30 Le37 4e51
D5 |8" I ]0.321 [0.,0984 |11.44 2,65 B11 2494
II |0.900 [0.1306 32,07 4400 4487

Table 4.12 Mosquito gauze significance testing

In eight out of ten times, Z'< (Z1 - 0.166)

However, it is difficult to say exactly, in figures, how much reduction

in ventilatlon volume is caused by the use of mosquito gauze,
An attempt is made in table 4.12,

A ws = 2.59(7)

ALY Q(= Yl)
ventilation ventilation Py
velocity volume
( o/s) (Pu/s)
C
h/////“::g,/" ‘//////,11:::

\x ‘x
Table 4.13 Xo wind velocity (m/s) Xo wind velocity (m/s)
Code| Diameter/ Xo |aXo b s(b) | c(107) | Q" (1073 w/s)
B2 AL 0e642 1065460 [0,015 | 44728 9.21
D1 14028 10439 | 0.4800 |0,012] 4.156 6.49 | =30%
B5 4"+6"erfl0.573 07545 |0.035( 6.533 13.18
D2 0.710 | 0414 | 0.6835 (0,011 | 5.918 11.13 | =16%
A6 én 04480 0e.5521 0,027 | 8.499 17,93
D3 04802 | 032 | 0u4844 |0,012| 74457 13.33 | =26%
B8 [6"+8"enl|0,598 0.7765 | 0,023 [11.953 23,81
D4 0,773 | 0.18 | 0.6566 | 0,026 |10.108 18,37 | =23%
B11 |8" 04481 064494 | 0,021 16,013 33,77
D5 16155 | 0667 | 044291 | 0,023 [15.290 21.94 | =35%
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Remarks

Xo wminimum wind velocity required to create ventilation

b regression coefficient vent.velocity/wind velocity
S(b)standard deviation regression coefficient.

¢ regression coefficient vent.volume/wind velocity

Q ventilation volume (m3/s), wind velocity is 2.59 m/s.
2,59 m/s is the average wind velocity during the 29

measurements,

The minimum wind velocity to create ventilation is increased by the

application of mosquito gauze on the top of a vent-pipe, The average

increase is 0.34 m/s.

The average redusction in ventilation volume for a wind velocity of

2.59 m/S is 26%0

Both Xo and the reduction in ventilation volume vary reasonably.
Therefore, the figures of 0.34 m/s and 26% should be seen ag ine-

dicatlons.

Led Cover

The results of the two tests, C1 and C2, reveal a significant in-

fluence on ventilation efficiency, due to the use of a cover on :

= Yo minimum wind speed required to create ventilation
- b regression coefficient ventilation/wind velocity

- ¢ regression coefficient ventilation volume/wind velocity.

Vent.velocity (m/s)
Code characteristics Xo b S(b) Cx‘lO"3 for ws 2459 n/s.
A6 reference 06480 | 05521 [0.,027 |8.50 1,165 100%
D3 mosquito gauze 14028 | 0.4844 [0.013 |7.46 0.866 4%
C1 cover on key hole | 1,521 | 03210 {0,017 A.95 0344 30%
C2 cover on key hole | 1,793 | 02486 {0,027 14.54 0,198 17%
+ mosquito gauze

-~
B3l

~
<

VENT vEL2LITyY {4
N X

Q
-

Table 4.14 Results Cover
Remarks: 6" vent-pipe, position II, length 2.80 m.
T T - A6 TREFSRENCE
- T gueNTwE, 2 40 M,
3 posi Tiva IT
. D> -MosoUITO GAULE
_ ¢ - CovER oN THE .Ey ~oLs
3 SCpUER oif ThE K =2Ls
+ MOoSQUITO GAULE
= = -y YFLUENELE OF COVEIR CH
S 10 -5 2.0 2.9 WINY VvELSCITY . . FlG. &7 /A FLUENCS
e sp U3 4a a5 sa YENTIF ATION.
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20

The use of a cover reduces ventilation efficiency to 30%, in relation
to an open vent-pipee.

The conbination of mosguito gauze + cover has a disastrous impact on

ventilation., The minimum wind speed required to create ventilation is

1.79 w/s, while the regression coefficient b dropps to 0.25.

Leb Pogition /Iencth vent-pipe

The results of the measurements expressed in intercept and regression
coefficient (table 4.1, fig.4.8) reveal as favourable combination :

the shortest pipe of 2.40 m on position I.

LTNGTH POSITICI

I| IT | IIiT
2.40 Al | AL} AT

2455 A2 | A5 | A8

2.80 A3} A6 | 19

Remark: 6" vent~pipe

T . .Fl6.4.8 influence of position/

o5 (o 5 10 15 3o 75 40 45 g0
WIND VEL., (M/s) length vent-pipe

Although this positive effect is explanable (Chapter 3.4), the relia=-
bility of measurement A1 is low,

A 95% reliability interval around the wind/ventilation velocity re-
lation includes all the other measurements.

The conclusion must be that position or length does not influence

ventilation efficiency significantly,
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4e7 Open/closed door

The effect of crogs—ventilation is more experienced with an open
door.
The only measursment executed with an open door shows the following
results,
- The minimum wind velocity Xo required is + 1.6 m/s
- The regression coefficient c, representing the linear
relation between ventilation volume and wind velocity,
dropps to 0.4136,
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Chapter 5 Conclusions and design guidelinss

= Mechanism of ventilation

This study finds a linear relation between wind velocity and ventilation
velocity.

Wind blowing over a vent—pipe creates an under=~pressure. Due to the dif-
ference in pressure pit/top vent—pipe, ventilation will take place,

Xo Minimum wind speed required
IS to create ventilation

ventilation vel.

L= 4 ventilation velocity
) A wind velocity

Yo wind velocity
Fig. 5.1 Wind/ventilation velocity relation.

A minimum wind velocity (Xo) is required to create ventilation. When
the wind velocity exceeds Xo, & linear relation between wind/ventila-
tion is established.

The most important conclusion is that a VIP latrine needs wind to-cre-
ate ventilation, Xo and the coefficient a depend on a number of para=

meters, such as diameter vent-pipe, design of superstructure etce

- Standard

The required ventilation volume is not defined, see chapter 2.3.

To my opinion, an air change of the superstructure every five minutes
will quarentee that odour inside the superstructure after use will be
sufficiently removed. A contineous air flow ensures that odours from

the pit won!'t enter the superstructure. The volume of the VIP super-

structure is 2.1 m3.

A volume flow of 25 m3/h (6.94 1073 m3/s ) satisfies, not considering
the positive effect of cross-ventilation.
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= Diameter of vent=pipe, the use of enlargers.

The following types were selected :

4" diameter
4" diameter + 6" enlarger
6" diameter
6" diameter + 8" enlarger
8" diameter

The influence of diameter/enlarger could not be statistically prooved.
Ventilation volume (m3/s) , induced by wind, is significantly depen~
ding on diameter/enlarger.

Roughly can be stated :

'Diameter! A Lh+bvenl, 6" 6"4+8tenl, gn
Vent, officiency 55% 71% 1009 128% 178%

More interesting is the question of wich diadter should be used. The
answer depends on the wind sgituation, In a windy area a 4" or a A"+6"
enl. will meet the needs.

On a location where not much wind is experienced, a 6"; 6"+ 8menl, or
even a 8" diameter vent=pipe should be fixed., However, when the average
wind velocity is less than 1 m/s, the ventilation as described in this
report does not function properly.

= Mosquito gauze
The mosquito gauze used, is from Fothersgill & Harvey Ltd. U.K.
Numbers of threads/cm: 7.0 in one direction
5.5 in the other -
Thread diameter : 025 mm

The use of mesquito gauze reduces ventilation efficiency.

= Xo the minimum wind speed required to create ventilation is
increased (roughly + 0.35 m/s)

-c the regression coefficient ventilation volume/wind veloci-

ty is decreased,
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The reduction in ventilation volume for a wind speed of 2.59 m/s,
the over-all average ventilation velocity during the measurements,
is approximately 25%.

Mosquito gauze is essential for proper functioning of a VIP latrine.
The reduction in ventilation efficiency should therefore be kept in
mind before choosing the type of vent-—pipe,.

-~ Cover

The function of a cover is to prevent flies and mosquitos from en-
tering and leaving the pit.

With regard to ventilation, a cover 1s a severe obstacle to flow.
The combination oé mosquito gauze + cover 1is fatal for ventilation,
The minimum wind velocity, before ventilation starts working, is
appr. 1.8 m/s. A cover should therefore not be used. However, when
the superstructure is not able to ensure relative darkmness, hence
flies prefer to leave the pit through the squatting slab instead
of through the vent-pipe, then a cover has to be used.

~ Pogsition/length vent-pipe
The Dar es Salaam type of VIP latrine has installed the vent-pipe
inside the superstructure of the latrine. Three posgitions and three

different pipe lengths were selected. ]

z O Qim

No influence of these parameters on ventilation could statistically
be prooved., However, the top of the vent-pipe should reach at least
the highest point of the roof. Using the minimum lengthgs mentioned
here above, than the most prefemble position is where the top of
the vente=pipe is located near the top of the roof. This will avoid

8 positive wind gradient and hence wind blowling into the top of the
vent-pipe reducing ventilation efficiency. The positive gradient
might be induced by the slope of the roof. The lengthOf the vent-
pipe might even be increased when f.i. the latrine is located in

between two houses,
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APPENDIX 1

Regults of least square method and statistical information for each

measurement seperately.

Fach page gives for one measurement the following information :

-b regression coefficient

-8 intercept

-R correlation coefficient

- S(y,x) residual standard deviation

- S(a) standard deviation intercept

- S(b) standard deviation regression coefficient b

-t test for intercept a; (N-2) degrees of freedom

-t test for regression coefficient b; (N-2) degrees of

freedom

- S5(y) total summ of squares; (N-1) degrees of freedom

- SS(reg) summ of squares ascribed to regression-equation

- 3SS(res) summ of squares ascribed to deviations of regres-

slon-equation; (N-2) degrees of freedom

-n number of points concermed
Table 3.3 Survey test programme, explanes codes used,
Door open NO YES
Cover NO ves lvEs | w0
Mosquito gaugze NO TES | NO[YES | NO
Positicn I 1T ITT IT [ IT| IT | IT
{Length a :b,: ¢ la ip . ¢ ta ! b lelelelele
Diameter 4" |~ 1= 1 B1|= i~ B2 |- 1= 1383|D1]|= |~ |=
fitenle 6% lo = B4 le 1= 185 |~ t= 'BélD2)= | = |-

6 a1 a2 3 [k a5 46 o718} ao D3 lc1]calcs
6dbenls 8" |- 1= iB7 |- 1= 188 |= 1= 'BolDalo |a |a
g |- ;= B10 |= 1= 811 ]= 1= IB12|D5|= |- |-

Table: 3,3 survey test programme a: 2,40 m b: 2,55m ¢c: 2.80m

-=: not covered

A6: code of specific test

Appe. 1 -
pe 1

———— e
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Y=hl+a

b= O
a=-o0

703 1E+0QO
. 1350E+00

de correiatiecoefficient

de residuele standaardafwidKina
de standaardfout
de standaardfout

toetsinsg

met

toetsins voor rTearecsiecoefficient b

met

de totale

met

i het 1ntercept

= 0.8837E+00

S(v:,x)= 0.4080E+Q0
S(a)= 0.1473E+00
S(bl)= 0.6934E-01

in reg.coefficient b:

voar het 1ntercert 3

(N=2) vrigheidsaraden

(N=-2) vrivheilidssraden

Kwadraatsom

(N-1) vrigheidsaraden
de Kwadraatsom,toe te schriduen

dan de re=ressicverselidkins

de Rwadraatsomrtoe te schriduen
gaan afwidhinzen van de rearessie-—
vergeliJdkinzs met

{(N=-2) vraiuvh.arad.

De i1nggvoerde punten =zZidn.

-
OQWANOODANPUMN-S

[ S SR ST e
VodoOu LR —

20

21
o
=2

23
24
25
26
27
z28
29
30

21

X-waarde
0.900
2.950
0.850
1.330
3.450
0.950
1.700
3.050
0.002
0.700
2.200
0.8350
0.8950
3.650
0.630
1.730
0.650
1.7%0
1.600
2.450
2.850

Q.60

2.530

0.7%50

2.350

2.550

0.300

2.350

2.500

4.000

3.000

Y-waarde
0.550
1.800
0.400
0.900
2.450
0.350
1.150Q
2.500
1.700
0.100
1.250
0.000
¢.100
2.400
0.000
0.89350
0,220

200
1.100
1.400
1.700
0.100
1.700
0.250
1.230
1.600Q
0.259
1.800
1.950
3.050
1.930

t= 0.915B6E+00

t= 0.1017E+02

§5(v)= 0.2205E+02

SS(reg)= 0.1722E+02

SS(res)= 0.4829E+01
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i'ezsurenent A App.1

Y=b¥+a
b= 0.B6SEE+00
a=-0.350GE+00

de correlatiecaoefficient R= 0.9789E+00
de residuele standaardafwidkins ; S(v:x)= 0,.226BE+00
de standaardfout 1n het intercert S(a)= 0.938B1E-01

de standaardfout in rea.coefficient b: S{bl= 0.2B28=-01
toetsing vooTrT het intercert a.

met (N-2) vridheidsaraden t= 0.3737E+01
toetsing voor regaressiecoefficient b

met (N-2Z) uvrigheirdssraden t= 0.2533E+0Z2
de totale Kwadraatsom

met (N-1) vridheidsaraden SS(r)= 0.344BE+02
de Kwadraatsom,toe te schriduven

aan de rearessievergelidlins SS(real)= Q.3302E+02

de Kwadraatsom,toe te schrijuen
aan afwiJkKkingen van de regaressie-
verselijKing met (N-2) vuridh.srad. SS(res)= 0.1441E+01

De 1ngevoerde pPunten ziun.

n H—waarde Y-waarde
1 1.100 0.3500
< 2 3.650 1.900
3 1.330 0.350
4 4,830 . 200
= 4,450 2.800
G 1.000 0.200
7 3.250 2.300
8 1.100 0.350
9 4,050 2.300
10 S.000 3.400
11 1.85¢C 0.900
12 1.350 0.800
13 4.350Q 2.450
14 5.000 3.100
15 4.400 2.300
iG 2.830 1.250
17 5.150 3.000
ig8 2.000 0.8900
15 5.6%0 3.400
20 S.B00 3.450
21 1.100 0.450
22 4,500 2.250
23 1.800 1.000
24 4,650 2.350
25 2.250 1.250
26 3.100 1.6800
27 1.350 0.300
z28 4.300 2.900
29 3.300 1.800

30 1.330 0.700






lezsuremaent £3 . Aop.t 0.4

Y=bX+a
b= 0.6477E+00
a=-0.3266E+00

de correlatiecoefficient o R= 0.39387E+00
de residuele standaardafwidKing S{v,x)= 0.28GEE+00
de standaardfout in het interceprt S(al)= 0.14972Z+00

de standaardfout in res.coefficient b: S(b)= 0.475BE-01
toetsing voor het intercert &

mat (N-2) vridheidsaraden t= Q.2182E+01
toetsing voor rearessiacoefficient b )

met (N-2) vridheidsaraden t= 0.13GZ2E+02
de totzale HKwadraatsom

met (N-1) vrigheidszraden SS(vy)y= 0.1730E+02
de Kwadrasatsamrtoe te schriduen

aan de rearessieverzgelidKins SS(real= 0.1353Z24E+02

de Kwadraatsom-toe te schriduen
aan afwiJKinsen van de rearessie-
vergeliuKking met (N-2) vridh.arad. SS(res)= 0.2054£+01

De ingevgerde punten =Zidn.

n H-waarde Y-waarde
1 3.000 1.300
2 4,000 2.9550
3 3.100 1.530
4 2.250 1.200
) 4,350 2.300
G 2.200 0.9350
7 1.4350 0.730
B 2.000 1.0350
1] 2.850 1.600
16 2.950 1.350
11 1.100 0.300
12 1.300 0.150
13 2.000 0.600
14 3.600 1.900
i5 3.150 1.850
16 2.650 1.450
17 2.250 1.300
18 4.100 1.300
19 1.800 0.900
20 4,750 . 230
21 5.400 3.G600
22 2.650 1.38%0
23 5.3%0 2.690
24 2.300 1.200
25 4,000 1.3930
25 2.650 1.600

= 1.600 0.850






lleasurement A4 Apr.1 n.b

-

Y=bi+3
b= 0.J59B1E+0Q0
a=—-0,2929E+00

de correlatiecoefficient R= 0.3G91E+0Q
de residuele standaardafwidlins . S(y,x)= 0.2539E+00
de standaardfout in het i1ntercert S(ar= 0.93032-01

de standaardfout 1n rea.coefficient b. S(b)= 0.Z643E-01
toetsing voor het 1ntercerpt a.,

met (N-2) vridheidsgsraden t= 0.3148BE+01
toetsins vogor rearessiecoefficient b

met (N-2) vuvradheidssraden t= «225SE+02
de totale Kwadraatsom

met (N-1) vridheidsaraden SS(vi= 0.3492E+02
de Kwadraatsomrtoe te schridven

aan de regressieversgelidJking 8S(rea)= 0.3279E+02

de Kwadraatsom,toe te schridven
aan afwidRingen van de rearessie-
vergeliuking met (N-2) vridh.arad. SS{res)= 0.2128E+01

De 1nmevoerde Punten zZiJdn.

n X—-waarde Y-waarde
1 1.130 0.600
2 3.600 2.200
3 1.100 0.000
4 1.150 0.430
S 4,000 2.300
B 5.300 2.950
7 1.100 0.000
8 1.950 0.800
9 5.030 2.800
10 4.600 2.600
11 S5.230 2.950
12 2.750 1.500
13 1.600 0.400
14 4.100 1.600
15 4,730 2.000
16 2.300 1.000
17 S.650 3.250
18 3.250 1.450
19 1.300 0.3500
20 S.600 3.000
21 1.100 0.BQ0
22 2.65¢Q 1.600
23 1.050 0.300
24 1.500 0.850
Z25 4.3500 Z2.700
26 S.300 3.050
27 1.400 0.830
28 4,000 1.900
29 2.500 1.100
30 1.200 0.250
31 3.850 2.300
22 1.500 Q.4%0
z 4.3%0 2.Z00
3 2.250 1.80nN
3& S.3500 3.00Q0






I’easurement A5
Y=bX+a

b= 0.3510E+00
3=-0.277ZE+QQ0

de correlatiecoefficiant

de residuele standaardafwidkina -
de standaardfout i1n het intercert
de standaardfout
toetsins uvooTr het

me?t

toetsing voor rearecssiecoefficient b

met

de totale

met

R=
S{v:rx)=
S(a)=

in reg.coefficient b. S(b)=

intercerPrt a:

(N=-2) vriJhei1dssraden

(N-2) vridheirdsaraden

(N-1) vridghe1

Kwadraatsom

dsaraden

de Kwadraatsomrtoe te schridven
aan de rezaressiesverselidling

de Kwadraatsom,toe te schriaven
daan afwiukKin=en van de resressie-—
vergselijKking met

(N=-2) vrivh.gsrad.

De ingsevoerde pPunten Ti1dn.

-
COUOnMNOURAWURMN—-3

[V T S o S il U
ScCUOONOUP I

13 R
ry =

IMN
W

)

WM
(O GRS IRN R )

X—-waarde
2.00Q0
4.100
4,600
2.350
4.900
0.G00
3.400
1.350
4,700
4.730
3.000
4,630
1.750
3.500
4.200
1.600
2.100
1.8950
4.900
1.000
3.200
1.100
3.900
3.800
3.230
2.950
0.830
2.830
1.350
2.800

Y-waarde

0.800
100
1350
.800
. 450
<400
. 750
300
250
.230
- 300
. 300
.300
.B00
. 300
.B500
450
.730
. 200
.100
LS00
<400
000
1.950
1.500
1.450
0.150
1.400
0.300
1.200

MO ONORr O~ OMNFR,IRNO-ORONMN

t=
t=
§8(vy)=

SS(reg)=

SS({res)=

0.98G4E+00
D.1241E+00
0.55374E-01
0.1733E-01
0.4972E+01
0.3175E+02
0.1596E+02

0.1353E+02

0.4312E+00






i'easurement A6 . App. 1 7T

Y=bK+3
b= 0.553Z1E+00
a=-0.2630E+00

de carrelatiecoefficient R= 0.9670E+00
de reciduele standaardafwuidkina - S(r,x)= 0.1303E+00
de standaardfout 1n het intercert S(a)= 0.6343E-01

de standaardfout 1n rveg.coefficient b:i S(bl= 0.2700E~01
toetsing voor het 1ntercept a. .

met (N-2) vrijheidsaraden t= 0.4173E+01
toetsing wvoor regrescsiecoefficient b

met (N-2) vrijheidsaraden t= 0.2045E+02
de totale Kwadraatsom

met (N-1) vridheidsaraden 8S(r)= 0.1013E+02
de Kwadraatsom.toe te schriduven

aan de resrescievergelidKins 8S(regl)= 0.9470E+01

de HKwadrzatsom.toe te schriguen
daan afwidlinsen van de regressie-
verseliJking met (N-2) vrish.arad. SS({(res)= 0.B65B2E+00

De 1nzevoerde pPunten zidn.

n H-waarde Y-waarde

1 2.800 1.230
« 2 1.800 0.900

3 0.700 0.250

4 1.800 0.850

S 0.450 0.030

B 3.100 1.250

7 0.500 0.000

8 3.000 1.400

g 1.950 0.800
10 3.350 1.6Q0
11 1.9350 0.B600
12 3.400 1.700
13 3.700 - 1.900
14 3.000 1.400
15 2.600 1.300
16 1.250 0.400
17 2.700 1.250
18 0.750 0.300
19 1.800 0.500
20 2.850 1.300
21 2.150 0.900
22 3.300 1.300
23 0.3530 0.000
24 2.330 1.000Q
i 2.000 0.G00
26 0.7% 0.150
27 2.500 1.500
28 1.300 0.400
29 3.100 1.600
3 2.100 1.400
31 0.800 0.050






l.casurerent

AT

(=bhX+3

b= N,T9C4E+OG
3=—~0 3770+ 00
de correlsztiecocrfilciont

de roziduele
de standzardfout 1n
de standgixzirdFout in
vgor

toetsinz
met (PM-2)
toets1ing
met (M-2)
de totale
met (M-1)

I3an de

hot

het
vre=z.cocfficient b
intercert 3a;

stanazardaruir sk ins

intcrcert

urijheidzaraden

100Tr resresciccoefficient b

uri1Jheirdzasraden

fwadrzatzon

wriligholdssraden
de Kwadraatzom-toe to

de Kuzadraatson:-too te

I3an

afurJdliinsen
verselijking

an
net

(-2

Ichridven

rezreszleverselisking

zchridven

de resrezzie-
urirsh.arad.

De 1n=zeovoorde Funten Z1Jns

n Y-yaarde
1 1.000
v 2 i.700
3 2,102
4 0,550
= 3.2%0
G Z2.7ae
7 0,800
8 2,100
9 1.25n
10 4 Q00
11 J.100
12 3.900
3 n.850
14 1.350
13 J.100Q
15 3.800
17 1.400
=) 1.050
19 1.6S0
20 3.700
P 4.35Q
2z 1.200
23 2.650
214 4,250
oF 1.5¢0
ZG G.3S0
27 5.300
23 1.800
29 1.000
30 T.500
21 1.100
22 1,820

Y-waarace

2.000
0.6%0
1.200
0,250
1.600
1.350
0.100
1.000
0.250

LT Y
Z.250

2,000
1.950
0 .300
0,600
1.8%¢0
1.650
¢.179
0.200
o200

- de a e

1.GZ0

~
2.2%90

2.0Z0
1.200
1.700
0,070
3.670
3.700
Q.50

0.130

e ¢

.30

sEEalals!

R=
S(woxi=
S(a)=
Sih=
t=

1=
S5(y)=

SS(reg)=

SS(res)=

D.9713E+00
0.24S3E1Q0
0.8275SE-01
0.2%17E-01
0.1SS4E+r01
0.23G9E+02
0.3558E4 02

-

Q0.337BE+02

0.1806E401

hppat

"5






N

MNeasurec—ent

A8

Y=h¥+3

b= D.S130QE10N0

3=-0_.222%E+C0

de correlatiecoaeafFficient R=
de reziduele ztandaardafuiijlins S(yv.x)=
de ztandazrdFout 1n het 1ntercert S(a)=
de standzaardfout i1n res.cgefficient bl S(b)=
taetsin3a wvoor het 1ntercert a;

met (M-2) wrigheidssraden t=
toetsin3 uvoor rearesziecoefficient b

met (N-2) ovrijheidssraden t=
de totale Hwadraatzom

met (M-1) vwri1gheidz=raden 8S(vr)=
de Kwadraatsow:toc te szchridven

zan de rtezgressieverselidkKins SS(reg)=
de kwadraatsom,toe te schrigven

aan afwiJKinsen wan de rtearessie-—
yerseliJing met (M-=-2) wvrijh.3rad. SS(racg)=

De

insevoerde FuUunten

=

(SRR .
Lo B £ B Vs RENU RN vy B RN 0 I g O o

N N N
N RS S-S RN

J = =
D waom-

(8]
[y

Tl
8]

g

@]
W

1Ir3in
~d n

]

30

HZ-waarde
2.700
0,800
3.100
3.430Q

n
>

DD O

M, =020 20NNl =000 20M0)
S DO DD D00 D00

MO DSASMAMNS SN SN Rg DD D

Do X & BN 05 I 0 BN g0 I V% Il % By % B R TR 9 I G B R S O e e
13030 DD O D DD

—idgna.
Y—-waarde
1.000
Q.000
1.200
2.0S50
Q.400
1.600
0.400
0.100
1.80¢
1.400
0.600
Q.20
2.1E0
0.7350
1.450
0.500
2.200
1.100
1.700
0.550
1.400
0.450
0.300

0.9319E+00
Q.2433E+00
0.1022E+20
0 .3E80E-01
0.217BE+0O1
0.1394E+02
0.121EBE+(QZ

0.1130E+02

0.1B37E+01
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Lieasurcrment

49

A g
=

b=

bi{+a

0.57G3E+00
3=-0.,290GE+C0

de correlatiecoefficient R=
de reziduele ztandaardafwidhins Sly,xd=
da standaardfout 1n het intercert S(al)=
de e¢tandaardfFout 1n res.coefficient b: S{(b)=
toetsins wvoar het i1ntercert a-: )

met (N—-2) urijheidsaraden t=
toetsins vaer resressiecoefficient b

met (N-2) vrijheidcssraden t=
de totale Kwadraatsom

met (N-1) vrigheidssraden SS(v)=
de Kwadrsatsom,-toe te schridven

aan de resressieverseliskins SS(rea)-=
de Kwadraatsom.toe te schrijuven

dan afwiJKinsen van de resressie~
verzeliJKking met (N-2) vrijh.srad. SS(resg}=

De

ingevoerde

— .
SO NOOU_~QIHI- 3

A e
Fa LM

15
16
17
18
19
20

-~
e b

el
—

24
25
c6
27
-8
29

~
(&)

X—uaarde
1.100
3.250
1.100
4,850
3.400
3.400

200
4,100
3.050
1.000
4.200
1.100

J
)

D~ 2020MONOOUL
SOODDMMOUNU S DD
SO DODODTIOODODDO0

DW= UL AR OR =L

3.930
3.800
2.4350
B.350
1.100
1.300

pUnten ZiJdn.

Y-waarde
0.300
1.6350
0.500
2.700
1.700
1.650
0.350
2.000Q
1.7¢9
0.300
2.050
0.200
1.700
0.500
0.220
0.180
2.200
2.200
0.85¢
1.650
2.800
0.Z500
1.G350
0.250
2.400
1.800
0.800
3.200
0.300
0.3Q0

0.98G1E+00
0.1838E+00
0.Z7S6E-01
0.133EE-01
0.5048E+01
0.3140E+02
0.2401E+0Z

LZ2334E+02

0.GG30E+0Q
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Y=biX+a

b= 0
a=-0

.SEIBE+00

.2E3BE+Q0

de correlatiecoefficient

de residuele standzardafwidhins
de standaardfout in het 1intercert
de standaardfout
toetsina voor he

met

toetsing voor resressiecoefficient b

met

de taotale

met

{N=-2) vrilhe

(N=-2) vridhe

(N-1) vriuhe

R=
S(y,x)=
S(a)=

in res.coefficient b. S(b)=

t interceprt a:
1dsaraden

idsaraden

{wadrasatsom

1dsgraden

de Kwadraatsom,toe te schridven
gan de resressieverseligskina

de Kwadrzatsaom:toe te schridven
gaan afwidKinsen
vergeliJKking met

van de resressle-—
(N=-2) vrigh.srad.

De insevoerde Punten =zidn:

n

"

no~NOU R WM

[ S
HLII—-O

13
16
17
18

19
2o

—

21
o2
22

23

-
P4

25
26
27

-~
<~

29
39

21

X—-waarde
2.500

L2350
2.650
1.100
3.000
1.500
3.000
3.250
2.000
3.100
0.650
1.900
3.330
3.730
1.3%0
2.100
3.700
2.600
3.400
2.130
2.150
3.4%0
2.850
3.900
3.100
1.600
3.500
4.000
3.800
2.300
4,900

Y—-waarde
1.050
0.450
1.150
0.000
1.400
¢.Go0
1.350
1.700
0.950
1.500
0.000
0.800
1.430
1.250
0.450
0.850
2.000
1.050
1.500
1.000
0.900
1.750
1.450
1.900
2.000
0.500
1.250
1.930
1.350
0.3B00
2.7Q0

t=

t=

€S5(r)=

SS(reg)=

SS(res)=

0.9414E+00
D.2130E+00
0.1122E+00
0.3895E-01
0.3296E+01
0.1504E+02
0.1157E+02

0.1026E+02

0.1316E+01

App.1

0.
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['feasurensnt B2

f=bil+a

b= 0.54G0E+00

a=-0.3507E+00

de correlatiecoefficient R=
de resgsirduele standaardafwidslins S(y,x)=
de standaardfout 1n het i1ntercert S(a)=
de standaardfout in res.coefficient b: S(h)=
toetsing vaor het i1ntercert a.

met (M-2Z) urigheirdssraden t=
toetsinga voor re=sressiecoefficient b

met (N~2) urisheidssraden t=
de totale Kwadraatsom

met (N-1) vridheidsaraden S5(y)=
de HKwadraatsom:,toe t2 schridven

aan de rvresressieverselidking SS(rea)=
de Kwadraatcomrtoe te schridven

aan afwidKingen van de resrecssie-—
vergelijKking met (N-2) vridh.srad. SS8(res)=

De

0OoOoNOUN PN~ I ¢

10

c0

X—waarde
1.000
2.330
2,600
6.100
4,000
1.800
1.650
4,450
0.900
4.400
4.800
2.020
4,350
3.850
1.350
4,730
2.000
2.000
35.G600
5.700
1.300
2.950
S.200
2.300
4,850
1.500
4,620
3.700
4.950
1.100

nsevoerde Punten Tidn.

Y-waarde
Q.000
Q0.700
0.8350
2.950
1.700
Q.600
0.500
2.200
C.200
2.200
2.400
0.93¢
2.150
1.600
0.450
2.300
0.820
0.850
2.600
2.800
0.4350
1.100
2.600
0.850
2.450
0.450
2.050
1.650
2.200

—a

0.450

0.9896E+00
0.1323E+00
0.53473E-01
0.1501E-01
0.6405E+01
0.3638E+02
0.2366E+02

0.2317E+02

0.4904E+0Q0






I'easurement ]

Y=bX+a

b= 0.G121E+00

a=-0.,3BB8EE+00

de correlatiecoefficient R=
de residuele standaardafwiJlins S(y:x)=
de standaardfout 1n het intercert S(a)=
de standaardfout 1m Tes.coefficient b: S(b)=
toetsina voor het intercept a

met (N-2) vridheidsaraden t=
toetsing vooT regresslecoefficient b

met (N-2) vrisdheidsgraden t=
de totale Kwadrzatsom

met (N-1) vrigsheidssraden S5(y)=
de Kwadraatsom.toe te schridven

aan de rearessievergeliJling SS(reg)=
de Kwadraatsom.toe te schridven

aan afwidkinsen van de resrecssie-
vergelidKing met (N-2Z} vridh.srad. SS(res)=

De

inaevoerde Punten

DRDIODU D WDMN =T

30

X-waarde
2.650
1.000
4,250

. 200
3.850
1.000
3.400
3.400
3.200
5.200
0.8020
4.950
2.150
4.600
4.000
4,320
5.900
0.800
3.000
1.750
S.750
1.600
1.400
4,400
4.500
2.150
5.700
2.200
2.100
o.750

ziun.

Y—waarde
. 200
0.000
2.3500
0.700
2.000
0.0350
1.600
2.900
1.450
2.700
0.000
2.6800
0.900
2.250
2.050
2.3350
3.000
0.250
1.600
0.600
3.000
0.550
0.400
2.200
2.450
Q.730
3.000
0.B00O
Q0.650
3.030

0.96GB4E+0Q0
0.2734E+00
0.1114E+00

. 2982E-01
0.3489E+01
0.20533E+02
0.340BE+0Z

0.3195E+02

0.2123E+01






leasurerens

Y=h¥X+a

b= 0.7821E+00

a=-Q.3903E+C0

de correlatiecoefficient R=
de residuele standaardafwidKinsg S{r,x)=
de standaardfout 1in het intercert S(a)=
de standaardfout in reg.coefficient b.: G(b}l=
toetsing voor het i1ntercert a:

met (N-2) vrijheidszraden t=
taetsins vooT resressiecoefficient b

met (N-2) vridheidecsaraden t=
de totale Kwadraatsom

met (N-1) vrisheidssraden SS(v)=
de Kwadraatsonm:.-toe te schridven

aan de resressieverselivhing SS(reg}=
de Kwadraatsom,toe te schriJgven

aan afwivKingen van de regressie-
vergelidkina met (N-2) vridh.srad. SS(res)=

De i1nzevaoerde Punten zidn:
X—-waarde

—
SO NODOURLUNN—-3

11
12
13
14
13
16
17
18
19
20
21

e

23
24
23
26
27
28
29
30

~

4
3
4

PURE2NPEPOO=MNURNDEBEUOMNPLURNRUDORLLUW

2.600

.B50
.1Q0
. 350
800
.G50
. 100
.100
130
. 950
. 100
.4350
100
. 950
.550
330
. 850
030
000
« 400
. 300
» 300
100
. 450
100
. 700
. 850
. GO0
GO0
. 300

Y-uwaarde
1.55Q
3.350
2.150
1.900
3.250
2.650
3.500
2.200
2.900
5.000
4.100
2.400
1.100
3.000
3.200
1.350
2.700
2.800
2.350

. 200
3.850Q
1.730
0.200
¢.100
3.250
1.950
0.800
3.600
2.350
3.100

0.9801E+00
0.2304E+00
0.1168E+0Q0
0.3031E-01
0.3339E+01
0.2613E+02
0.3774E+02

0.3626E+02

0.1486E+01

'
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lleasuremnent B5

Y=0M+a

b= 0.7Z4%E+00

a=-0,.432EE+00

de correlatiecoafficient R=
de residuesle standaardafwi.jKins S(y,x)=
de standaardfout 1n het 1ntercert S(a)s=
de standaardfout 1n rexa.coefficient b: S(bh) =
toetsins voor het interceprt a;

mat {(N-2) vrivheidsgraden t=
toetsing voor rezressiecoefficient b

met (N-2) vrigheidssraden t=
de totale Kwadraatsom

met (N—-1) vridheidszraden SS(v)=
de Kwadraatcom.toe te schridven

aan de resressiaverselidJlins SS(rea)=
de Kwadraatsom,to2 te schridven

gaan afwiuvKingen van de rearessie-—
vergeligking met (N-2) vridh.sarad. SS(res)=

De

inzevoerde Punten zZiJdn.
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30

-
)

m.
[

K—-waarde
5.400
S.150
4,350
1.330
1.000
1.100
4.000
4.200
4.400
3.400
3.650
4.100
4,730
6.000
0.7350
4,500
4.000
3.930
3.000
0.700
4,000
1.350
4,350
1.350
1.750
2.500
5.300
2.050
3.600
2.000
G.2%0
2.100

Y-waarde
4.000
3.200
2.8%50
0.550
0.B50
0.700
2.750
3.000
2.800
1.650
1.800
2.000
3.250
4,350
0.000
2.250
2.730
2.600
2.200
0.000
2.950
0.450
3.150
0.B00
0.850
1.750
3.750

L2000
2.300
1.150
4,300
1.350

0.89694E+00
0.3110E+Q0
0.1293E+00
0.3489E-01
0.3345E+01
0.21BZE+DZ
0.4814E+0Z

0.4524E+02

0.Z280Z2E+01






Yeasurcment B6

V=bX+a
b= 0.B95SE+00
a=-0.5164E+00

de.correlatiecoefficient
de residuele standaardafwiskKins
de standaardfout

de s

met

toetsin2 voor rearessiecoefficient b

met

de totale

met

tandaardfout

in het intercert

R=
S(y,x)=
S(a)=

in res.coefficient b S(b)=
toetsing voor het intercepPrt &
(N=-2) vridheidsaraden

(N-2) vridheidsaraden

Kwadraatsom

{N=-1) vrigheildsaraden

de Kwadraatsom,toe te schriuven
aan de resressieverselidling

de Kwadraatsam,toe te schridven
aan afwidKingsen van de regressie-
verseliuglking met

(N-2) vridh.arad.

De 1nzevoerde pPunten Zi1dna.

e -
QUONOANPLUN-DIT
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UM WK -

MNMHRNMNMNNIIRN
WUWNOU LR -

30

A—waarde
0.70Q
4.600Q
3.500
1.100

200
030
500
. 120
« 300
Q00
. 800
.800
. 330
L350
.030
<200
-.200
. 750
2350
. 100
. 050
- 200
. 100
. 730
. 150
.100
.00
<730

AP, ,OUONAS,RNOCWUUN RO P-RN

Y-waarde
0.300
2.500
1.450
0.450
1.0596
Q.730
1.100
0.030Q
2.200
0.700
1.400
1.850
1.050
1.650
1.450
0.000
0.E50
0.200
1.000
2.700
2.030
0.000
0.000
1..500
3.700
2.650
1.050
2.350
3.100
2.800

§S5(y)=

SS5(reg)-=

SS{res}=

0.9183E+00
0.4113E+00
0.172SE+00
0.5G6GBE-01
0.2994E+01
0.1227E+02

0.302Z2E+02

0.2548E+02

0.473BE+01

(&2






[leasurcments

2T

¥

et oF |

82-0:4841E133

de correlatiecoefficient R=
de residuele standaardafwidKina S(y,x)=
de standaardfout 1n het intercert S(al)=
de standzardfout in rezs.coefficient b.: 5S(b)=
toetsing voor het 1ntercert ar

met (N-2) vridjheidsaraden t=
toetsing voor resressiecoefficient b

met (N-2) vrijheidsaraden t=
de totale Kwadraatsaom

met (N-1) vridheidszraden 8S(vr)=
de Kwadraatsom.toe te schridven

aan de resressleverseliJKina SS{(reg)=
de Kwadraatsom:toe te schridven

aan afwidhingen van de regrecsie-
vergselidKing met (N-2) vridh.arad. SS(res)=

De

ingevoarde pPunten
X—-waarde

- 4
oOMONGOU AWK

[y
FN v I ]

15
16
17
18
19
20
21
22
23
24
25
26

-
-

28
29

-
-

31

~n
N

1.750
0.800
1.600
1.250
.800
100
.850
.BO0
. 900
730
. 900
150
.230
.B00
. 400
.150
.B00
.850
. 100
000
.B0O0
.G30
. 100
. B00
.350
.230
LE3T0
100
100
L400
L8900
L7000

IS, NN RN, AR RN~ =N OMNWL

Tidn:
Y-wzarde
0.600
0.000
0.550
0.000
1.259
0.500
0.550
1.050
0.600
1.050
1.050
0.100
1.950
0.550
0.700
0.350
1.800
0.4350
3.550
1.6800
0.300
1.350
0.800
1.300
1.3%0
0.350
0.550
1.400
0.100
1.700
Q.0Q0

.EZ0

0.76Z1E+00O
0.4976E+CD
0.2337E+0Q0
0.1123E+00
0.209BE+01
0.6447E+01
Q.1772E+02

0.1029E+02

0.7430E+01



N



lleagyrement B3 ) Aupe1

V=bH+a
b= 0.7763E+00
8=—-0,4644E+00

de correlatiecoefficient R= 0.9873SE+00
de residuele standaardafwiskina S{y,x)= 0.2144E+00
de standaardfout 1n het 1ntercert S(a)= 0.BGS1E-01

de standaardfout i1n rea.coefficient b. S(b)= 0.2298E-0t
toetsina voor hat 1ntercept a:

met (N-2) vridheidsaraden t= 0,35368E+01
toetsing voor resressiecoefficient b

met (N-2) wvwrigheidssraden t= 0.33739E+02
de totale HKwadraatsom

met (N-1) vrigheids=sraden S8(y)= 0.353B4E+02
de Kwadraatsom.toe te schridven

aarn de rearessieverseligsKing SS(reg)= Q.3251E+02

de Kwadraatsom-toe te schridven
aan afwidKinsen uvan de resressie-
veraelijKking met (N-2Z) vridgh.srad. SS(res)= 0.1333E+01

De insevoerde Punten Zidn.

n X-waarde Y-waarde
i 0.G00 0,000
2 4.400 3.000
2 1.550 0.900
4 4.730 3.400
S S.200 3.400
G 1.650 0.800
7 6.300 4,050
8 2.400 1.200
9 3.750 2.3500
10 1.7Q00 0.900
11 3.500 2.000
12 3.400 3.3900
13 3.230 3.850
14 1.600Q 0.800
15 1.750 0.900
16 4,100 2.B00
17 2.0 1.500
18 2.050 1.000
19 3.550 2.350
20 4.000 2.600
21 S3.000 2.8950
22 1.600 1.000
23 2.300 1.150
24 G.050 £ 200
25 5.550 4,350
26 1.700 0.700
27 3.G650 2.750
28 2.550 1.500
29 5.300 4,200
30 2.600 1.700

3 0.950 0.200

[o¥)






lleasurerment B9 ) App.1 .19

V=hi+a
b= 0.7798E+00

a=-0,3844E+00

de correlatiecoefficient R= 0.9731E+00
de residuele standaardafwiJKking S(y,x)= 0.2854E+00
de cstandasrdfout 1n het i1ntercert S(a)= 0.1026E+00

de standaardfout in reg.coefficient b: S(b)= 0.348G6E-01
toetsins voor het intercept 3

met (N-2) vuvridheidsgaraagen t= 0.3711E+01
toetsing voor rearessiecoefficient b

met (N-2) wvridheidssraden t= 0.2237E+02
de totale Kwadraatsom

met (N-1) wvrigheirdsaraden SS(v)= 0.4303E+02
de Kwadraatsom,toe te schriduen

aan de resressieverseliJKins SS(reg)= Q0.40735E+C2

de Kwadraatsom:toe te schriduven
aan afwidiingen van de rearessie-
vergelidKing met (N-2) vridh.arad. SS(res)= 0.2280E+01

De in=zevoerde pPunten zidn:

N H—waarde Y-—waarde
1 1.050 0.500
2 2.900 2.000
3 3.600 2.650
4 3.750 2.900
) 1.550 0.800
6 1.350 0.700
7 1.8%0 0.650
8 1.500 C.G00
9 3250 2.100
10 1.000 0.450
11 2.400 1.650 N
12 2.400 1.750
13 0.Go0 0.000
14 3.500 2.8900
15 0.700 0.150
iB6 3.400 1.900
17 0.850 0.400
i8 4.100 2.8%0
19 250 0.6800
20 4.350 2.800
21 0.300 0.000
22 4,600 3.200
23 S3.300 2.950
24 1.600 0.600
25 4,000 3.100
26 1.000 0.500
27 5.730 4,250
2 1.050 0.400
29 4.,Q00 2.900
30 3.300 2.200






lleasurerent 210 App.1 Dzl

Y=bX+a
b= 0.4488E+00
a=-0.1685E+00

de correlatiecoefficient R= Q.958BZE+Q0
de residuele standaardafwidkins S(vy,x)= 0.19G3E+00Q
de standaardfout in hat intercert S(a)= 0.8239E-01

de standaardfout 1n rex.coefficient b: S(b)= 0.2585E-01
toetsina voor het 1ntercert a.

met (N-2) vrijheidsaraden t= 0.2045E+01
toetsins voor regressiecoefficient b

met (N-2) uvridheidssraden : t= 0.1740E+02
de totale Kwadraatsom

met (N-1) vridgheir1dsaraden S5(v)= 0.1271E+02
de Kwadraatsom:.toe te schrigven

aan de rezmressievergeliuKing SS(rexg)= 0.11G67E+02

de Kuwadraatsomstoe te schridven
aan afwisdhinzen van de resaressie-
vergelijkinag met (N-2) vridh.arad. 8S(res)= 0.1040E+0Q1

De 1ngevaerde rPunten zidn-:

. N N-waarde Y-wazrde
1 1.000 0.030
2 3.000 1.250
3 4,250 1.600
4 2.400 0.800
) 1.00 0.650
2} 4,400 1.730
7 2.750 1.150
8 1.500 0.450
9 4,350 1.750

10 3.100 1.030
11 1.650 . 0.450
12 2.250 1.000
13 4,500 2.350
14 2.350 0.850
15 4,350 2.150
16 1.350 0.530
17 2.450 0.900
18 S.400 2.000

19 3.1350 1.0350

20 2.100 0.600

21 5.300 2.400

22 0.900 0.200

2 °.300 2.330

24 2.000 $.700

25 1.200 0.600

26 2.950 1.350

27 2.300 0.800

28 1.230 0.350

=9 2.3920 1.250 .
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B11

ez surencnt
Y=bX+a
b= 0.4494E+00

a=-0

+21B0E+00

de correlstiecoefficient

de residuele standaardafwidKins
de standaardfout
de standaardfout
toetsing voor het intercert a-

met

toetsing voor rearessiecocefficient b

met

de totale

met

(MN=2) vrishe

(N=-2) vrighe

(N=-1) vridhe

in het i1ntercert

R=
S{y,x})=
S(a)=

in rea.coefficient b: S(b)=

1dsaraden

1ds=raden

Kwadraatsam

idsaraden

de Kwadraatsom,toe te schridven
aan de rearessieverselidking

de kwadraatsom,:toe te schriduven
aan afwioKingen
vergelidKina met

van de regressie-
{N=-2) vridh.arad.

De inzevoerde Punten zidn.

DodoOoOU LI I

)
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X-waarde
9.950
2.800

. 950

200

000

700

. 750

Q00

300

. 100

S00

.BS0

700

GO0

350

850

GT0

.050

500

. 700

. 250

. 400

. 850

.000

900

.250

L300

.100

.200

. 100

L850

S DU HARCRW, DDA, HNOR—,~BWUWRLONR O

Y~-waarde
2.350
0.700
2.050
1.500
1.600
1.000
0.000
1.200

"1.250
1.300
0.3500
0.700
0.GO0
0.000
1.000
2.000
0.400
1.050
1.900
2.0350
1.800
0.150
1.550
1.G600
0.000
1.750
1.650
0.G650
1.350
1.130
1.000

t=

t=

SS(y)=

SS(res)=

SS(res)=

0.9700E+00
0.1G44E+00
0.70B0E-01
0.2093E-01
0.3059E+01
0.2148E+02
0.1324E+02

0.124BE+02

0.7835E+00

Apn.1

D27
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l.easuremnent 312
Y=hbHX+a
b= 0.4719E+00
a=-0.3843ZE+0Q0
de correlatiecoefficient R=
de residuele standsardafwidling S(v,rx)=
de standaardfout 1in het intercert Sta)=
de standaardfout 1in res.coefficient b: S(b})=
toetsina voor het interceprt a.
met (N-2) wvwriagheidsaraden t=
toetsing voor regressiecoefficient b
met (N-2) vridheids=raden t=
de totale Kwadrzsatsom
met (N-1) vridheidsaraden SS(v¥)=
de Kwadraatsom,toe te schridven
aan de regressieverselidkina SS(reg}=
de Kwadraatsomrtoe te schridven
gan afuiJdiiinzen van de resressie-—
verzgelidkinzg met (N-2) vridh.arad. SS(res)=
De 1ngevoerde Punten ZiJn.’
n A-waarce V-wazrde
1 4.200 1.800
2 2.050 1.700
3 5.000Q 1.700
4 2.0590 0.500
b=y 4.400 2.000
G 1.000 0.000
7 2.250 0.750
B8 B5.100 2.7350
9 2.620 1.000
10 4.000 1.630
i1 2.500 0.900
12 2.600 1.000
13 1.630 0.300
14 2.850 1.000
15 3.500 1.600
16 1.750 1.100
17 3.750 2.600
18 2.000 0.6850
19 1.750 0.400
20 3.500 1.250
21 1.400 0.350
22 2.800 0.600 ,
23 1.730 0.000
24 4.800 1.250
25 3.500 1.000
26 3.300 1.000
2 3.000 1.000
28 2.0350 0.400
29 2.800 0.600
30 2.7S0 0.70Q0
31 4,050 1.250

0.EB5B8ZE+00
0.351BE+00
0.1722E+00
0.5242E-01
0.2232E+01
0.8003E+01
0.13G1E+02

0.1002E+Q2

0.3385E+01
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I'sazsurerent

C1

V=bX+a
0.3214E+00
a=-0.4883E+00

b=

de
de
de
de

correlatiecoefficient
reci1duele standaardafuivglinza
standaardfout

standaardfout in res.coefficient b

1in het intercept

toetsing voor het intercert a-

ne

me

e
dJe

aan afwidKinsen wvan

t

t

t

(N=-2)

(N=-2)
Jde totale
(N=-1)

urldheildssraden
toetsing voor rtesressiecoefficient b
uriJdheidsgraden
Kwadraatsom

vrivheildsaraden

Kwadraatsom:toe te schriuven
aan de regressieverselidKins
de Kwadraatsom.,toe te schridven

vergelidgKing met

De

ingevoerde Punten zidn.
X—-waarde

[y
CVLONODUPRWHMN -3

FIDP) = s s s
Lo 2 (ol o o BENV RN op O I =N % I O I o)

)
~J

B3R EI D) YO
oaNom wr

rl
w

30

WL WLWHArULONULQWPUNLO-~NMNWULLAN QPRI PED2 BT

850
630
050
050
5§30
300
050

. 250

EQD

.G0OO
000
. 100

730

50O

950
GOo

200
000
130
. 900
. 750
.000
.8900
000

200

. 100
B350
. 300
. 300
. 100

Y-waarde
0.300
1.100
0.950
0.800
0.400
0.250
0.900
G.G00
0.000C
0.400
0.450
0.550
0.800Q
0,300
0.450
0.000
0.600
1.150
0.830
0.800
0.800
1.200
1,350
0.250
1.000
0.5350
.70
0,000
0.700
0.G0o0

de rearessie-
(N=-2) vridh.arad.

R=
S(y,x)=
S(al)=
S(b)=
t=

t:

88(v)=

SS(res)=

SS(res)=

0.961BE+0O
0.9865E-01
0.6277E-01
0.172BE-01
0.7790E+01
0.18GOE+DZ
0.3713E+01

0.3435E+01

0.2781E+0Q0






licasurenent ce
Y=bi+3
b= Q.248GE+00

==0,4457E+00
de correlatiecoefficient R=
de residuele standaardafwiJking S(y,x})=
de c<tandzaardfout in het intercert S(a)=
de standzardfout in vres.coefficient bl 8S(b)=
toetsing voor het intercert a,
met (N-2) vridheidssraden t=
toetsing voor rearessiecoefficient b
met (N-2) vridheidszaraden t=
de totale Kwsdraatsom
met (N-—1) vrijheidsgraden ES({v)=
de Kwadraatsom.toce te schridven
aan de resarescsievergelidling SS(reg)=
de Kwadraatsom,toe te schriduen
aan afwiJdtinsen van de resaressie-—
vergelidKking met (N-2) vridh.sarad. SS(res)=

De 1n=sevoerde pPunten =ziJdn.

OOV VIS

[oAp

30

X-waarde
3.100
2.950
2.750
1.900
2.130
2.850
1.850
2.300
3.750
2.500
4.000
2.100
4,300
1.600
4.300
2.150
5.450
3.300
5.250
3.650
4.100
5.600
5.700
4.750Q
2.400
3.650
3.150
4,000
4.700
4.000
2.200

Y-waarde
0.200
0.0350
0.100
0.000
0.000
0.450
0.200
C.400
0.6Q0
Q0.200
0.700
Q0.00¢
0.B00
0.000
1.000
0.20Q0
1.100
c.500
1.0S0
0.600
0.730
1.000
0.700
0.3500
O.000
0.450
0.350
L2350
0.400
0.300
0.100

0.86G11E+00
0.17B3E+00
©.9980E-01
0.2726E-01
0.44G3E+01
0.9122E+01
0.348BE+01

0.Z38GE+01

0.3013E+00
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l.easurement C3 ADDPe 1
Y=bX+a

b= 0.413GBE+00

a=-0.6304E+00

de correlatiecoefficient R= 0.9819E+00
de residuesle standgardafwidKins S(v,x)= 0.1092E+00
de standaardfout 1n het i1ntercept S(a)= Q0.B222E-01

de standaarafout in res.coefficient b S(bl= 0.150GE-Q1

toetsing voor het intercert a-

met (N-2) vridheidssrdden t= 0.10435E+02

toetsing voor regressiecoefficient b

met (N-Z) vrijheidszaraden t= 0.274BE+02

de totale Kwadraatsom

met (N-1) urijheidsgradean SS(v)= 0.9327E+01

de Kwadraatsom.toe te schridven
aan de reagaressievergseliuKkins

de Kwadraatsom,toe te schridven
83an afwidKingen van de regressie-

SS5(reg)= 0.8994E+01

vergeliukKing met (N-2) vridh.arad. SS(res)= 0Q.3339E+00

De 1n=sevoerde Punten zi1dn:

n X-waarde V-waarde
1 3.350 0.700
2 3.100 0.600
3 4,300 1.3060
4 4.750 1.300
ba 1.650 0.000
6 3.700 0.800
7 1.600 0.000
8 4,600 1.200
9. 4.700 1.400
10 4,250 1.150
i1 1.850 ©.100
1z 5.200 1.830
13 4.150 0.930
14 2.600 0.150
15 S5.500 1.500
16 5.000 . 200
17 S3.000 1.400 )
18 4,650 1.200
19 .30 0.850
20 4.350 1.230
21 5.300 1.500
22 4,130 1.250
23 1.600 0.030
24 4,130 1.100
25 5.300 1.650
26 2.000 0.100
27 4,500 1.300
28 5.100 1.600
29 1.450 0.150

30 5.000 1.430
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l.egsurenent D1
V=biX+a
b= 0.4B800E+QQ

a=-0.483533E+00

de correlatiecoefficient R=
de residusle standaardafwidRing S(y,x)=
de standaardfout 1n het i1ntercert S(a)=
de standaardfout 1n re=a.cogefficient b S(b)r=
toetsing voorT het intercert a.

met (N-2) vrigheidssraden t=
toetsins voor resressiecoefficient b

met (N-2) vriugheidssraden t=
de totale Kwadraatscom

met (MN-1) vrivheirdsgraden S8(v)=
de Kwadraatsom,toe te schriJven

aan de regaressievergeliuKkins SS(reg)=
de Kwadraatsom:.toe te schridguen

aan afwigKingen van de rearessie—
verselidKing met (N-2) vridh.arad. SS(res)=

De

ingevoerde PuUunten zZidn.

-
SCuUOdODU AW~ O

[ O S Y = Y S iy STy oy
MOMNO UL W

20
21

22
4y

23
24
23
26
27
28
29
30

31

N—-waarde
3.000
4,800
3.600
1.050

000

. 700

L4350

. 750

.550

. 150

L4400

GO0

. 700

100

. 730

. 250

.400

.100

. 000

.100

.1350

400

. 200

100

.200

.850

« D00

000

L0000

L2000

4,300

MNHEITUN~, U, QON-",NOLAE,~WUORD= ANOU N

Y-waarde
1.100
1.850
1.200
$.000
0.500
0.350
2.300
1.300
¢.850
1.600
0.05%0
2.700
1.650
1.000
0.450
0.000
1.500
0.850
0.350
Q.000
0.700

220
0.000
1.8350
0.300
1.000
2.000
0.450
1.400
0.700
1.650

App.i

0.8914E+00
0.89774E-01
0.4054E-01
0.1177E-01
0.1217E+0Z
0.4078E+0Z2
0.1616E+0Z

0.158BE+0Z

0.2770E+00

V.25
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[leasurenent D2
Y=bM+a
b= Q.BEZSE+0O

=-0,4E32E+C0

de correlatiecoefficient R=
de residuelie standaardafwiJking S(v,x)=
de standzardfout 1n het interceprt S(a)=
de standzardfout in reas.coefficient bl S(b)=
toetsins voor het intercert a.
met (N-2) wvridghneidsgraden t=
toetsineg voor regressiecoefficient b
met (N-2) vridheidssraden t=
de totale Kwadraztsom
met (N-1) vridneidssraden SS(v)=
de Kwadraatsomrtoe te schridven
aan de rearessieuverseliJlina SS(reg)=
de Kwadraatsom:toe te schrijven

aan afwigKinsen van de regressie-
vergeliJjKkinag met (N-2) vridh.=srad. SS(res)=

De

1nsevoerde Punten zTiun.

OoONGOUAWM D

X—-waarde
4.050
3.250
0.750
0.800
S.750
1.350
3.000
1.000
2.100
3.650
S.250
4,150
4,650
0.600

.250
.70
4.950
1.350
2.150
5.4%50
4.850
1.850
G.100
2.100
5.350
4,100
1.800
1.050
1.250
4,750
1.000

Y-waarae
2.300
1.83¢0
0.000
0.250
3.450
0.250
1.700
Q.350
1.000
2.200
3.200
2.500
2.650
0.050
Q0.200
3.4350
2.700
0.450
1.000
3.250
2.3900
0.650
3.630
0.800
3.800
2.150
0.750
0.350
0.300
2.8C0
0.000

0.98960E+00
0.11B4E+0D
0.4139E-01
0.1140E-01
0.1172E+02
0.599GE+02
0.50B4E+0Z

0.35043E+02

0.40GBE+00

App.?

o]

™D

~1
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[leasurenent

D3

Y=bX+3

b=

de
de
de
de

D.4628454E+00
a=-0,3885E+0Q
correlatiecoefficient

residueile

standaardfout

standzardfout i1n res.coefficient b.

1n

cstandaardafuiJiins

het 1ntercert

toetsins voor het intercerPrt a.
yriJheidsarsden

me

toetsing vogor resressiecoefficient b
vriJheidsaraden
Kwadraatsom

uridJdheidsgaraden

me

me
de

aan de

de

De

t

t

t

(N=-2)
de totzle
(N=-1)

Kwadraatsom,toe te schridven

Kwadraatsom,toe
aan afwidKinsen van
vergeliugking met

insevoerde Punten

[Gs N IENIN S BRI I

e e ket
PN O

13
16
17
18
19
20

21
(o2
22
bt
pe
24
-
.

26

~

zZ8
29
30
31
o

e

X—waarde
4,200
1.300
3.800
4.950
2.900
4.000
1.500
2.000
1.100

.250
1.650
3.150
0.800C
1.25
4 200
1.000
3.250
1.100
0.800
2.350
S.000
6.100
1.200
4,700
3.8930
1.330
3.600
1.600
2.300
3.250
1.130
1.600

(N=-2)

TesressieverselldKing

te schridven
de regressie-
vridh.garad.

Ziun.

Y—w3arde

1.630
0.000
1.430
1.950
0.950
1.5S0
0.100
2.000
¢.100
1.150
0.500
0.900
Q.,000
Q.030
1.850
0.100
1.250
0.200
0.000
0.800
2.150
2.40Q0
0.250
1.900
2.95%50
0.400
1.300
%.400
0.6850
1.400
0,300
D,450

R=
S(v:x)=
Staj=
S(b)=

SS(y)=

8S(res)=

SS5(res)=

0.98B3E+00
0.1231E+00
D.440BE-01
0.1368E-01
0.8817E+01
0.354Z2ZE+02
0.194GE+0Q2

0.1301£+02

0.4545E+00

™Y
on

iyl
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lieas . renent D4 App
Y=bXN+a3

b= 0.BSGGE+00

a=-0.3073E+00

de correlatiecoefficient R= 0.97G7E+00
de residueles standaardafwiJjKina S{v,x)= O.Z4BZE+00
de standaardfout 1n het intercert 8(a)= 0.99351E-01

de standaardfout 1n rez.coefficient b« S(bl= 0.2G34E-01
toetsinsg voor het 1ntercePrt &

met (N-2) vridheidsgraden t= 0.3100E+01
toetsing voor resressiecoefficient b

met (N-2) vriugneidsasraden t= 0.24893E+0C2
de totale RKwadraatsom

met (N-1) vridheidszaraden SS(v)= 0.4012E+02
de Kwadrzatsom,toe te schriduen

aan de rearecsieveraelijking SS(reg)= 0.2828E+02

de Kwadrzatsaom-toe te schridven
aan afwiJdKinzen van de regressie-
vergelidKing met (N-2) vridh.srad. SS(res)= 0.1848E+01

De i1ngevoerde Punten zidn.

n A—waarde Y-waarde

i 1.850 0.730
L2 4,750 2.750

3 1.100 0.300

4 4,500 2.400

o 2.100 0.800

G 4,700 2.800

7 1.600 0.5720

8 2.230 ¢.850

9 2.400 1.000
10 2.100 0.750
11 J.500 3.350
12 . 230 1.400
13 1.500 0.330
14 2.600 1.150
15 S.250 3.100
16 2.000 0.950
17 1.500 0.G00
18 4,630 2.600
19 3.830 1.8300
20 3.000 1.630
21 2.500 1.150
22 1.430 0.2330
2 5.100 2.900
24 3.000 0.800
25 1.85 0.700
26 G5.600 200
27 5.950 2.530
28 2.350 1.130
2 6.3500 3.100
30 2.100 1.400
31 G.100 3.250
32 4,430 2.800






lieasurcment

b5

Y=bli+g

b= O
==0

AZ291E+00
LA4937E+00C

de correlatiecoefficient
de residuele sta
de standaardfout

de s
toet
met

toetsing voor rearessiscoefficient b

mev

t3andaardfout
sing voor he
(N-2) vridhe

(N=2) uridhe

ndaardafuwiJiinzs
in het i1ntercert

R=
S(v:x)=
S(a)=

in rea.coefficient b: S(hr=

t intercert a:r
1as53r3den

idssraden

de tatale Kuwadraatsom

met

(N=1) uvpidhe

1dsaraden

de Kwadrzatsom,toe te schriduen

aan

de Tesressie

veraeliJKing

de Kwadraatsom:toe te schriguen
aan afwivlkinzan

vers

eliuina met

van de regressie-—
(N=-2) vridh.arad.

De 1nsevoerde pPunten zidn:

~ ,
SOONONRWNE-—ID

X-waarde
2.300
2.4350
1.800
1.300
2.600
1.030
1.6800
2.150

. 150

150

. 730

230

. 3350

30

730

3.750

2.350

2.450

2.750

0.850

1,350

3.250

3.600

1.350

3.750

5.000

3.600

2.400

1.500

3.000

[T 0 I I 0 T N IRl GV

Y-waarde
0.850
0.G30
0.2350
Q.000
0.700
0.000
0.150
0.3550
0.450
0.000
Q0.B800D
0.300
0.G00
0.250
0.600
1.050
0.600
¢.GB350

~ 0.550
0.000
0.000
0.700
Q.3850
0.000
1.250
1.730
1.000
0.600
0.00Q0
0.650

‘t,:

t=

8S(v)=

S8(rea)=

SS(res)=

0.9614E+00
0.118ZE+00
0.3867£-01

. 2320E-01
0.830BE+01
0.18350E+0Z
0.3172E+01

0.4780E+01

0.391Z2E+00
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APPENDIX 2

List of references

01

02
03
04

05

06

08

09

10

11

12

13

THVE Guide

Physikhutte
ir.LeA.van de Putte

appe. 2
Pe 1

o1

~The institution of Heating and Ventilating Engi-
neers London, 1972 Book A,B and C
(ToHeDs)

—~Band 1, Mechanik 29, Auflage

— Stroming en Warmteoverdracht I Delft 1976

Gauger R.und Schiile W—Liiftungsenlagen im Wohnungsbau

FBW (verdffentlichung der Forschungsgemeinschaft
Bauen und Wohnen) Stuttgart Oktober 1958

Alink A en Veldkamp RG-Lineaire Regressie, uit handlelding wvoor TI 54

Ashworth J.

Kalbermatten John M,

Curtis C.F. and
P.M. Hawldns

Terje Bodoegaard

Lab, Gezondheidstechniek juni 1980
~The Dar es Salaam ventilated improved pit latri-

ne demonstration project,

Ministry of lands, Housing and Urban Development

Dar es Salaam, February 1981, Tanzania.

- De Anne S.Julius and Charles G.Gunnerson Appropri-
ate Technology for Water Supply and Senitation
Vols.1 Technical and Economie Options
World Bank December 1980

~Entomological studies of on-site sanitation gys-—
tems in Botswana and Tanzania.

Transactions of the Royal Society of Tropical
Medicine and Hygiene, Vol.76, No,1, 1982,

-~ NEN 1087 December 1975
Ventilatie van woongebouwen

—BS 5925: 1980 British Standards Institution Design
of buildings: ventilation principles and designing
for natural ventilation,

—IS: 3362 = 1965 Indian Standards Institution Code
of practice for natural ventilation of residential
buildings,.

—AS 1668, Part 2-1980 Australian Standards SAA
Mechanical Ventilation and Airconditioning Code
Part 2 Ventilation Requirements.

—Climate and Design in Tanzania
Guidelines for rural housing
BeReUe = Ardhi Ministry Dar es Salaam 1981
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List of references

14 Roedler F,

15 Back O,

16 de Voogd und Wirtz

17 ter Linden

18 H.i0ttinger

19 WeGe Cornell

20 L.P.BOX, N-G.Hun‘bel‘

App.2
DPe?2

02

—Zur problematik der Liftung innenliegender
Aborte und Bader im sozialen Wohnungsbau.
Ges.Ing. 72 (1951, Nr 1/2, S. 8 und Nr.4, S.58

~Dile Ermittlung der relativen Wertigkeit wind-
betdtiger Saughauben.

Ges.-Ing. 55 (1932), Nr.51 S.607

—Betrachtungen iiber das verhalten von Schorn-
steinaufsfitzen bei Wind und Regen
Ges=Ing. 59 (1936) Nr. 42, S.605 u.Nr.43,5621

—Schornstein- und Liiftungsaufsatze.

Ges.Ing. 62 (1939) S.221

—Strémung in dampfkesselanlagen
VGB Heft 73 10 sept. 1939

— Losses in flow normal to plane screens Trans=
actions of the american pociety of iechanical
inge 80 (4) 791-799 (19-8)

- JeStuart Hunter
statistics for experimenters
An introduction to Design, Data analysis, and
Model Building.

1978 Je.Wiley and Sons, Inc.
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APPENDIX 3

Day-programme and weather conditions

The measurements took place on the following days.

Date :

Tuesday 3 Aug.
Wednesday 4 Aug.
Thursday 5 Aug.
Friday 6 Aug.

Monday 9 Aug,.
Tuesday 10 Aug.
Wednesday 11 Aug.

1982
1982
1982
1982

1982
1982
1982

Measurements :

A1
A6
B1
B6

D3
B7
D5

A2
a7
B2
B5

Cc2
B9
B12

A3 AL A5

A8 A9

D1 B3

D2 B4 B8 D4

c1 GC3
B10 B11

The weather conditions are congtant during all days.

Clouds covering most of the sky, reasonable wind, no rain (during

the measurements) and a temperature of 25 Coj 26

The measurements took place during day-time, starting from 9,30 hr,

APPOB
p.1
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APPEIDIX 4 . appe

p.l
List of ecuipment

1, Portable Anemograph; Vector Instruments type R5CO

Description: A fully portable equipment

ST S for indicating and recording vind sneced
R . T
- I and direction. Included are 2 Porton
T
= Anemometer, rorton Virndvane, mounting

arm with taver fittings, and a2 meter
display and recording ecuipment built
into a carrying case,

4;;%%5?‘"“3f¥_ d _1_}:% ¥Wind speed and direction are displayed
el ‘ on two panel mcters and the same values
are also recorded on the two channels
of 2 miniature strip chart recorder.
Three vay filter switches are nrovided
Tor selecting the recuired averaging
period for display meter and recorder,
and a calibration facility allows meter
and recorder indications to be set to
reference values before use and re-checked
after a rccording session.

The equipnent is poirered by a mains

H

e—cnergeable battery su»nply.

Accuracy: Sveed: +25% (+£0.25 m/s below 10 m/s)
Direction:+3%

Filter averaging times: Position 10: 10 sec..i20%

Chart sveed: 3.0 inches/hour +2%
Range of measurement: Speed: Range 1: O-10m/s in 0.2n/s divisions.
Direction: 600° Scale in 10° divisions.

2., l'icromanometer; Murness Controls Lid PPFA — FCO60

Components: ileasuring head -nitot-tube

15

Ilicromanameteor —-sensitive nressure measuring unit vith

1 to an accuracy or 1i: in an

<
] v

™M
ct
O
o
)
1=
H
oS
43
1
{
(o]
-1y
Y
O
-
(]
[
(@]

r range.






arp. %
p. 2

Plow Ranges: 1C0% Plow 9 m/s 5 rm H,0
10% Flow 0.9 m/s 0.05 mm E,0

The fast~slov meter suitch gives a time constant for turbulent

1
In

£low (slow position gives 5 seconds)

The equipment is powered by @ mains re—-chargeable batiery supoly.

)

~ Q
MAINS

MIEHUIMHBMH[B@REM. — [£050

o FURNESS CONTROLS LTD.

BATTERY LOW BATTERY OFF
. BEXHILL @ ENGLAND

ZERO OFFSET

3. Recorder; Rustrak 2C0, Culton
The recorder is connected to the micromenometer., Calibration
facility allouvs recorder indication to be set to reference value,

Chart speed: 6.0 inches/hour.

7

i

rusTrak 200







Line Devirmurtos o 12 (Iwo tarn Tists)

Probability of 4 Larger Value, Sign Ignored

Degrees

ot - - - - — e -——- S g = - - — e —— —
l-rccdom‘() 500 0400 ’UAZUO 0100 | 0030 :LOOZS i 0010 , V003 l 0 001

I 1000 1376 3078+ 6314 (12706 25452 | 63057 |
2 0816 1061 1886 2920 | 4303 | 6205 | 9925 14089 | 31598
3 765 10973 1638 12353 3182 4176 1 3841 7453 f1294l
4 740 0 94 133320132 1776 ' 3495 4604 1 3398 8610
5 727 920 1476 L20is {23710 ' 3063 . 4032 4773t 68359
6 718 906 140 1943 | 2447 2969 | 3707 4317 5959
7 711 896 L4135, 1895 2365 0 2841 3499 4029 5405
8 706 88y 1397 1860 | 2306 | 2752 3355 3831 | 5041
9 ' 703 883 1383 1833 | 2262 | 2685 3250 369 | 4781
1o 00 879 1372, 1812 | 2228 2634 3169 3381 4387

! , | ;

I 697 376 1363 1796 2201 ' 2393 1 3106 3497 4437
12 693 | 8§73 1356 ' [ 782 12179 1 2360 ; 3035 . 3428 4318
13 694 . 870 L1350 ! 1771 2160 | 2333 1 3012 3372 4221
14 692 ' 868 1345 [ 1761 12145 | 2510 2977 332 4140
13 691 t 866 1341 . 1753 ' 2131 + 2490 2947 . 3286 ' 4073
16 690 | %65 1337 1746 ' 2120 2473, 2921 3252 4015
17 689 ( §63 1333 {1740 110 2458 ' 2898 3222 . 3965
18 688 | 862 133011734 2101 2445, 2878 3197 ' 39212
19 685 © 861 1328 1729 2003 , 2433, 2861 3174 i 3883
20 687 | 860 1325 1725 2086 | 2423 2845 3153 13850

! i
21 686 | $59 1323 0 1721, 2080 | 2414 2831 3135 3819
2 686 | 858 113210 1717 12074 | 2406 2819 319 3792
23 685 | 858 13191 1714 2069 1 2398 2807 3104 | 3767
4685 0 BST [ I LTI 2064 . 2391 0 2797 | 3090 374S
25 684 856 1316 1708 ' 2060 | 2385 | 2787 | 3078 3725

1

26 " 684 | 856 1 31S [ [ 706 | 2056 ' 22379 ' 2779, 3067 37
27 684 855 131471703 12052 1 2373 | 2771 [ 3056 , 3690
2 683 ¢ wss 13 1701 | 2048 £2368 ' 2763 1 3047 0 3674
29 683« BSE LTI 1699 ' 2045 ' 2364 2756 3038 ! 3639
00 ' 683 854 1310 1697 2042 1 2360 0 2750 0 3030 3od6
15 652 1S L I06  PAN 2030 232 0 2724 2996 3591
30 6%l 851 1303 1054 202 232 2704 2971 3s5)
45 650 850 1301 1 6RO 2014 | 2319 2690 2952 0 3520
S 68(0) 849 F299 10676 2008 2310 2678 19137 3 496
55 679 . K49 1297V 1ET3 2004 3 2a04 2669 2925 1476
) 679 & 848 1296 1671 2000 , 1299 ' 2660 , 2915 1460
70 678 847 1194 1667 1994 . 2290 2648 2899 3435
80 678 ®47 1293 1665 1989 2284 2638 2887 3316
90 678 oS40 1291 1662 1986 | 2279 2631 ¢ 2878 3402
100 677 846 1290 I 1982 2276 2625 2871 3390
120 617 Rd45 1289 | 65§ 1 980 2270 2617 2 860 3373
P 6745 S416 12816 16448 19600 22404 25755 28070 32905

* Parts of this table are reprinted by permssion from R A Fisher's Starsticai Methods
Jor Researdh Workery, published by Oliser and Boyd Edinburgh (1925 1950) !ro.n Maune

[N

Mernngton's® Table ol Purcentage Potats of the r-Distnibution ™ Brometnka, 32 300 (1942).
and from fernard Ostie s Statisnies e Research Tawa State Universily Press (1954)
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