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Preface

Application of the Ventilated Im~ovedPit (‘uP) latrines on

rnassive scale in future sanitation programme~nDeveloping

Countries is most likely. Therefore, a research on the venti—

lation aspects of this sanitation system was necessary.

Tha main conciusion of this report: “ The VIP latrine, a ven—

tilation study” is that, with regard to ventilation efficien—

cy, 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 volurnes (m3/s)

can reach significant values.

Details on the ventilation pipe as diameter, length etc. can

be found in Chapter 5, Conciusions.

Chapter 2 deals with theoretical backgroundmaterial, while

the other chaptersreveal information on the field research.

The field researchis executedat the Building ResearchUnit

(BRU) in Dar es Salaam, Tanzania.

The literature study, evaluation and report—writing t.~ook place

in Delft, The Netherlands.
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Introduction

The ministry of Lands, Housing and Urban Development of the

United Republic of Tanzania in cooperation with Gauff IngenJ.eure,

consulting engineers/Dares Salaam, is working on the Buguruni

squatter upgrading programnie. The Buguruni area is in Ilala Dis-

trict within Dar es Salaam region,Tan.zania.

A component of the Buguruni project is the construction of VIP

(Ventilated Improved Pit) latrines.

Experience from other VIP latrines in Dar es Salaamindicated

that VIP latrines ventilate reasonably.

In order to find the magnitude of this ventilation and the in—

fiuence of some parameters, this ventilation research was set up.

The effect of for exainpie wind speed on ventiiation of a VIP

latrine is not predictable, dus to too many different aspeets

(wind direction, slope of the roof, environment, etc.), a field

study was therefore necessary.

The field study is executedat the BRU (Building Research Unit)

in Dar es Saiaam, where for this purpose an experimental111F

latrine was buij.t,

This report deals with the measurements on this VIP latrine at

the BRil.

A literature study has been undertaken, in Delft/The Netherlands,

to support the field. measurement.

The over—all conciusions can be found in chapter 5.
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Chapterl Ventilation Studies

Introduction

The ~entilated Improved Pit—iatrine (abbreviated by vIP) is

a serieusoption as a low—cost sanitation method. This simple

excreta disposal systemdiffers from conventional pit latrines

in the way it’s constructed.

A conventional pit iatrine is sometitnes not more than a dug

pit or an oh—drum in the ground, covered f.i. with planks

to facilitate squatting. The fence can be made of woedenpoles

with in betweenpaim-. or bananaleavesor gunny sacks.

The VIP latrine differs from the conventionalpit latrine by

having a vent—pipe, a more solid way to construct -the pit,

squatting slib and superstructure.

The most striking detail of the WIP latrine is the vent—pipe,

wich generatesa strong updraft and so maintains a flow of air

down~woughthe squatting piate. 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 is covered with

a inesh and the latrine superstructure is kept relatively dark

comparedto the pit ( or the squat plate covered) any files

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 eventua1l~r die.

The WIP latrine technology is identified by the World Bank on
techni.cal, social and financial grounds as a realistic option

for sanitation.

Severaltypes 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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1.2 Goals of the research

Pilot projects, as there was tie Dar es Salaamdernonstration

project, revealed that the majority of the VIP latrines do

ventilate satisfactorily.

The questions put for~.~ard in this research are:

— What is the magnitude of the ventilation ?

— What kind of factors have an jnfluence en ventilation ?

— How much in.fluence has each factor on ventilation ?

The resuits of this research should give design guidelines for

a VIP latrine reference to ventilation,

Fig. 1.3 Frontside of the 111F

latrine built at the Bu.ilding

Research tjnit in Dar es Salaam,

Tanzania.

Most of the VIP latrines in

Dar es Salaam areelevated,

due to the high ground—water

table.
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1.3.1

Ventilati en

Definition

Ventilation is defined as the circulation of fresh air.

Natural ventilation is ventilation 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 latrine.

The two main sources of odours are: —the pit content

—excreta fouling the

squatting siab.

A proper maintenance (cleaning regularly of the squatting

slib) shou.ld prevent the second source.

The first mentioned source should be kept to a minimum by

f.i. a contineous air fiow trough the key—hele in the squat—

ting slib into the pit er by keeping a cover on the key—hele.

3~-F

1 ~E L~W

Fig. 1.6 Ventilation openings on test latrine

‘4

t,

0
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Openings, important to ventila~on ( VIP latrine, BRil )

A Front side, above door 1100 cm2

B Two small operiings 80 cm2

C Side wails (each) 160 cm2

D Back side 440 cm2

E Key hele 655 C~2

F Ventilation pipe diameter 10,15, 20 cm

Table 1.1 Ventilation open.ings on test latrine,

7





1.3~2 Types of flo~r~

Two ventilation fiows can be defined

a; Cross—ventflation: ~y cross ventil~tion 1 mean, a flow

of air entering and leaving the superstructure through

ventiJ.ation openings in the wails of the superstructure.

The magnitude of this ventilation flow is not measured

at the test latrine.

This type of ventilation depends on

Fig. 1.7 Cross ventilation

a — wind ( velocity, direction)

b — design suoerstructure (position and flow characteristics of

all openings, construction suporstructure)
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British Stand.ards gives for a construction as the VI? latrine

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

1~

h

Height ratio = 2.9

Pianratio = 1

~-

Cp for su.rface 1
A B C D

0 0.8 0.25 0.8 0.8

90 0.8 0.8 0.8 0.25

VentiJ.ation volutne:Qw ( /s) = C x ( cp)~

C depends on wind velocity/ventilation open.ings.

b: Pit—ventilation: Pit ventilation

occurs when a flow of air is entering

the pit through the key—hele, passes

through the pit and leaves the pit

through the vent—pipe. Wind blowing

over the top of the vent—pi~e creates

an underpressureby wich ventilation

is induced. A chirnney works according

the same principle.

Pit ventilation

c

bi

d

Table 1.2 Coefficient of pressure at

the surface

Fig. 1.8
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1.3.3 Factors influencing ventilation

Factors wich night influence the ventilation to more or less

extent are listed here under.

1. wind velocity

2. wind direction

3. angle of the wind, conipared. to horizontal, in relation

to the top of the vent—pipe

4. 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. mosqu.ito gauze on top of the vent—pipe

10. a cover on the squatting plate

11. venti].ation/light openings in the superstructure

12. weather conditions, other than wind

13. surface roughness of the vent—pipe

14. location of the latrine in relation to the surroundirigs

15. design superstructure

Not all factors are discussed in detail in this report. Only

with the direct resuits of the measureinents will be dealt here.

The advantage of the experiinentai VIP latrine at the BRil was

that some parameterscould be monitored.

The following parameters : -diameter vent—pipe

-height vent—pipe above the roof/

length vent—pipe

-the use of enlargers/diameter top

vent—pipe

-location of the vent—pipe inside

the latrine

- mosqu.ito gauze

- cover

- door opeiy’closed

Later on in this report, the influenee of above mentioned

pa.ranieterson wind velocity/ventiJ.ation velocity relation

will be discussed.
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Standards

In order to get an idea of how much ventilation, calcu.lated

as(m3/h~offresh air flowing through the vent—pipe, is required

some standards from several countries are put together.

The Netherlands

United Kingdom

India

Australia

(IHVE Guide)

1. The Netherlands

-0.042m3/s (75-150m3/~i)

m3/s per in2 floorarea with a minimum of

m3/s (3.6 m3/h per rn2 floor area)

~ (50 m3/h)

ma/s (25 rn3/h)

2.lJnited. Kingdom

See fig. 1 • 5 Air supply rate for odour removal.

This figiire gives as required ventilation for a room with a

volume of 3.3 the number of 11.1 litres/second (40 m3/h)

0

c

3.

3.

0

0.

Fig. 1.9

(1) NËN

(2) BS

(3) IS

(4) AS

(5)

1087

5925

3362

1668

living room

other rooms

bathroom

Water Closet

0.021

0.001

0 • 007

0.014

0.007

‘/ch.r~qt’C ~Itcc:tia, ~ei ~erson n~/ :er~0fl

Af suopLy rit. for odouf r.fnQflj
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3. India

Living room and bed room Three changesper hour should be pro—

vided

Bathroom and W.C. Three air changes per hour should be

provided

4. Australia

General living area, bed—

rooms Minimum fresh air requireinent

per person 2.5 t/s

Kitchen 10 1/s

Bath, Toilet room 10 1./s

5.IHVE Guide

Table 3 2.2 Mechanicalventilation rates for various types of

buildings, lavatories and toilets, internal 6—8 recommended

air change rates ( h _1)

The standardfor latrines are based on,a: inside toilet

b: water—closet

The Dutch and Indian standardsdo mention that the standard

ror a IJ.C. is based en the idee. that eön~iderablêventilation

after use is desirable.

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

be an unpleasa.nt odour after use, but secondly also of a smeil

from inside the pit wich night enter the superstructure through

the key—hole. To get rid of this nu.isance a large but especially

contineous flow of air through the vent—pipe is preferable.

Calculation example

A VIP latrine floor area 1 in
2

height 2.1 in

volume VIP 2.1 in3

Standards in m3/h

1 25 m3/’n

2 figure gives 12.24 L/s 44

3 three tirnes 2.1 6.3

4 10 Litres per second 36

5 eight times 2.1 16.8

12





When we transf er the standards to the minimum required ventilation

velocities for diiTerent vent-.pipes, than we get the following

values.

Table: 1.3 Minimum ventilation velocities, according different

standardsfor a 4”, 6” and 8?! vent—pipe.

Diameter (inch) 4 6 8

( cm ) 10.16 15.24 20.32

Area cross—section (cm2) 81.07 182.41 324.29

Standard in.

1 25 m3/h 0.86 in/s 0.38 0.21

2 4.4 “ 1.51 0.67 0.38

3 6.3 0.22 0.10 0.05

4 36 “ 1.23 0.55 0.31

5 16.8 “ 0.58 0.26 0.14

13





Chapter 2 Theoretical background

2.1 Introduction

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

pipe.

— losses in flow due to friction and mosquito gauze.

— The last sub—chapter deals with the in.fluence 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 out-.

side the latrine is used as basis for this chapter.

Unfortunately no information is found on the influence of pipe

diameter en draught.

14





2.2 ~ecundary flow

Secundary flow is flow induced by a main flow. Examples of

secundaryflow are shown in Lig. 2.1 and Lig. 2.2.

The r~ainflow (horizontal) approaching the pipe over the

full lenght induces two types of secundaryflows.

—,.

—~--

Ï — Grundwirbel
Tu8w,rbe~— —-;—z od LuvMrbeJ

:~

S- ~

Fu 13w1rbutb lduugtii

Fig. 2.2 eddies, on

Fig. 2.1 Ground~~îhirle. top—pipe.

1 A ground—uhirle near the basis, fig.2.1, is created because

the maili flow encounters near the ground sorne resistance.

This whirle pUts up in two ~ays 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. ReL. 18 mentions this mechanisin

in reference to roofo of high buildings, especially en wich

chimneys are located.

II At the free end (top) of the pipe, two eddies (Lig. 2.2)

are induced by the nam flow, wind.

At the sane time a streng draught and flow (vertically) is

created in the pi~eby this effect.

15





Pressure—and velocity measurement~, in a research by H.F~ttinger,

show a relation betweenthe statical underpressure4 p in a

chimney divided by the wind—pressureand the flow velocity in the

pipe divided by wind volocity.

This relation, Lig. 2.3, shows that the u.nderpressuredropps,

initiafly quickly and later on slouly, to zero with increassing

flow velocity when the in— and outside velocities equalize.

Characteristics of the chin’.ney are unfortunately not mentioned in

this report ( reL. 19).

jtar U,fierd, ,m Sc/,opns/e,, ~p
Vernolin’s .5/audruck ~n’ W,ndranc/ q
/~r—

~

.

~r~J
—_______________________

. y. 1g8mfJw,,,~geschw,nd,a.~ei,

. ,.~97-

~
ZO Z5 •

v-~jii~~Igescs~wi~~di;keitint 5c~mite,ft
W~ndgescItwrnd~gker( ~‘w

Fig. 2.3 Draught in a chimney

1iJjfi~t,1r-e1 ‘~x~ierime~itsen several ~ of chimney

cans, influence of wind ~radient.

In the Netherlands many types of chiinney caps have beendeveloped.

In order to compareseveral types of chirnney caps, wind tunnel

experiments have been undertaken. (The Hague 1938, Gasstichting)

ReL, 16)

—ria ~)
— t0~

View A—A Cross—section B—B

Installation in windtunnel
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The s~udyfinds a linear relation between

1 : Wind velocity (Vw) and ventilation velocity (Vv)

II : Wind pressure Pw and underpressu.reA p, measured

by rnanometer c.

34 types of chimney cape tested, the f ive shown in

are of interest to us.

The wind gradient has an influence en ventilation efficiency,

as can be noticed in table 2.1. The table shous some of the

resulte from the research done in 1938.

From the

Lig. 2.5

187 136
1— -~ 136

— 50

100
Number : 1
Material: metal

Measurements in mm

83 83 93 93
II III 1V V

inetal metal stone metal

Fig. 2.5 chiinney cape
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Table 2.1: Average value of~p/Ps eec Lig. 2.4,(Vv0; wind

velocities: 2.6

5.7

and 11.2 in/s)

2.6
epresentation

table 2.1

From table and. figure can be conciuded that for horizontal

wind the draught will reach an optimum.(Ref 17 gives —5/—io°
as gradient as optimuni).

Positive gradiente will reduce ventilation eLf iciency very

quickly. t4hen the gradient exceeds+24°, due to wind blowing

into the top of the pipe an over—pressure is created, the difference

in pressure will becoine negative.

Chirnney cap ~t90 .,‘. ‘~45

V 0.42 0.68

1 —0.92 —0.80

II

III

lv

wind gradient
—)0 ,~—45 df.90

0.96 0.11 —0.52

0.87 0.47 0.17

0.82

0.80

4 t

Chirnney cape type 11,111 and IV show a siinilar behaviour as

¶

18





Losses in flow

2.4.1 Pipes

The head loss duo to fiction may best be deterininedby the use of

a rational formula: 2
(1)

where

F1 = Head lost, metres of fluid flowing (m)

f = Coefficient of fiction (Lig. 2.7) (—)

1 = Lenght of pipe (in)

v = Velocity of air flow in vent—pipe (in/s)

g = Acceleration duo to gravity (~/~2)

dm= Internal diameter of vent—pipe (in)

The pressure loss per unit lenght of pipe (specific pressure loss)

is given by : ~p H~
T = g (2)

where

4P = Prossure loss (N/m2)

= Pressure loss per nietre run of pipe (N/in3)

C ~ Density of f luid flowing (k&/m3)

Coinbination of 1 and 2 gives 2

~p=2fdvC (3)

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

a. the physical characteristics of the flu.id flowing, the velocity

of flow and the internal diameter of the pipe, wich three coin—

ponents mey be combined for consideration in terms of Reynolds

Nuinber, a diinensionlessquantity:

(Re)~~ ~ (4)
AL

where

(t~e) = Reynolds Nuinber

= Density of fluid (k&/1n3)

.41. = Absolute viscosity of flu.id (kg/ins)

r = Kinematic viscosity of fluid (in2/s)

19
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-~ 5 60 2 3454910 2 3456 510 2 3 458 110 2 3456310

R E VN OL OS NU MB ER

F~g. Relationship between roughness, friction and Reyriolds Number

Fig.2.7

b. The roughness of the pipe wall relative to the internal diameter,

wich is expressedin terins of a dimensionlese ratio,

uhere k5 is a lineal measureof absolute rcughneshaving the

same dimensional units as the diameter.

The relation between the coefficient of friction f and these compo—

nente involves the use of the following expression:

LRe)~2OOO

Here flow is streamline or laminar in charecter, the roughness of

the pipo walJ.s is not a significant factor and the coefficient of

friction may be calculated from the formula of Poiseuifle:

= (Re)

Here fl3~l is turb~lent a~a~lall the components prevously discussed

have vEluc. The formula of Colebrookand ~ite has now been generally

acceptedas bei~gthe best theoretical apprcach
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k
— _____ 1.2551 — —4 log10 l~ ~ d + (Re)Yr’

2.4.2 Mosguito gauzo

The head loss due to mosquito gauze can be represented by the

non—dmmensional loss coefficient

where:APt is loss in pressuredue to mosquito gauzefV~velocity

of air flow in vent—pipe.

Knowing the characteristics of moequito gauze

diameter of the wire (m)

ni ,n2 nuniber of wires per linear meter in each di—

rection, It is possible to calculate the air flow head loss through

the mosquito gauze as foflows (ref.19):

1) Calcu.late the fly sereen porosity, a, from the equation:

a = (1 — d~n1) (1 — d~n2)

2) Calculate the modified mosqui.to gauze Reynolds Number, Rm,

from the equation:

Rm = Re (d~Jd1a)

where Re is the standard Reynolds Number of air flow in

the vent—pipe and dj is the vent—pipe internal diameter (in).

3) Calculate the fly sereen head loss coefficient, X, from one

of the empirical equations:

for Rm~20:

)~= (33.93/Rm)~((1-a)7~1+a)a 1.27))

for Rrn)40:

~= (6/Rm1/3)4((1~a)/a2)

Inter polation for 20~Rm(40

Â=~+ (Rm —20) / (x.—4) /20

X (33.93 (i~)) / (20 ( 1+a) 1.27)

~= (~(1-a)) /(3.4195_a
2)
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2,L.3 Calculation e;~aiuple, head loss

1 due to friction

II due to raosquito gauze

The formulae required are deocribed in chapter 2.4.1 and 2.4.2.

( t=30°)extra

=

information;

0.25—103(m)

=

V=

1,17(kg/m3)

16.0 io_6 (2/)

ni = 5.5 .io2 1 = 2.80 (m)

n2 = 7 .io2 k
5= 0.000015 (m)

a = 0.712 g = 9.8066 (ru/s
2)

d~= 0.105 0.14 0.213 (m)

m/s

Re 3281 4375 6655

1 0.011 0.0098 . 0.0086

H

4F

0,0144

0.1652

0,0099

0,1136

0.0058

0.0665 (N/m2)

Rm

)~

~Pt

11

0.506

0.074

11

0,506

0.074

11

0.506

0,074 (N/m2)

m/s

Re 6562 8750 13312

1’ 0,0087 0,008 0.0071

H 0.0473 0.0328 0.0193

~P 0.5427 0.3763 0.2214

Rm

Â

4Pt

22

0.404

0.236

22

0.04

0,236

22

0.04

0.236

ru/s

2e 13125 17500 26625

f 0.0071 0.0067 0.0061

H 3.1566 0.110 0.652

~P 1.7963 1.2621 0.7481

D,~

Â
~Pt

//

0.766

2.26 (N/m2)

//

o.9~6
2.26

44

0.966

2.26

Table 2.2 Head loss calculations





1 fiction

— increasing a!a~ter sho~r~a reduction in pressure—loss

— inereasing ventilntio~~ velocity resu.lts in an increasing

pressure loss.

II mosquitO gauze

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

— ventilation velocity has a si~nificant influence on pres—

sure loss.

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

is 1~o~r~veri~ot of’ interest to us, because the minimum required ven-.

tila.tion velocity for the sizallest diameter, 4” or 0.10 (in), is

0.86 (in/s) ( 4” — 0.86 ; 6” — 0,38 : 8” — 0.21 (in/s)).

- - V~(~ U’1~)

— ‘~Pt

— —

--~ ~‘e V~le (Nt/~)

in

0

ziP: 0
0

x

u~2. ~/
5)

~/ t

o.Ç

0

-- 0

x

O.IcÇ 0. 13
DIÎET dL (M)

Fig. 2.8 Losses in flow
1 ~P due to friction
II ~ due to ~osci»ito gauze
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Influence of Temperatureon Ventilation

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

a difference in temperature, will influence ventilation.

The density of air is different for different temperatu.res.

As we look at table 2.3 we see that f.i. the density at 0 °Cis

1 • 29 (kg/in3) and for t is 30 °C ~ = 1 • 17 (kg/m3).

Table 2.3 Sorne properties of air

0 10 20 30

e (k~/m3)
1.29 1.25 1.21 1.17 Density

~(i0_6 m2/s) 13.3 14.2 15.1 1~.0 Kinematic viscosity

The difference in temperature betizeen the air inside the pit and

the ambiant outside teniperature causes a pressure.

LUftungsanlagenin Ttoii~ungsbau pp. 17 (ref.4) gives the following

fommula

= h~ ~ (k~/m2) (i)
2

= pressurearis~n~ (~/n )

h = vertical distance between inlet and

outlet openings (in)

At = difference in temperature (°c)

C = density (kg/m3)

The flWE Guide calles the influence of temperature“Stack Effect”.

Their equation for calculating the pressure in a building due to

the inside/outside temperaturedifference is:

Ap=3462h~ 1 1 2

‘to+273 t
1+273

t0 = outside temperature (00)

= inside temperature (°c)
ap = pressure arising (N/in

2)
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This difference in pressure resuits in a ventilation velocity,

1f we forget flow—resistance, of

v (2g.p/~)k

v = ventilation velocity (nv’s)
2

p = inressure calculated (k~/m)
g = 9.814 (W~2)

Figure 2.9 shows the theoretical ventilation velocity due to

difference in temperature for several shaft—heights, according

forniula (1).

Theoretical ventilation
velocity,depending on

difference in ternpematuro

and shaft height.
10

Fig. 2~9
20 C

temperature

-P

0 3

0
•1-1

~ 1

0

Calculation example.

In Dar es Salaamthe temperaturedoes not fluctuate very much

during over 24 hours. The effect of day and flight on temperature

in and around a VIP latrine can be seen in fig. 2.1(1 (~easured on

20 Jan.1932, Vip latrine KiwIlani/DSM, 6” vent—pipe).

0 5 10 15
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TemperatureT6

“ “ T3

Temperatures

over 24 hours

in VIP latrine.

Fig. 2.10

Temperatures
over 24 hcurs
in VIP latrine
(20 jan 1932
DSM/Tanzania)

c~M-1 ‘0 -

— 1— 1—-—— 1—— ,———

02. ?t1 o~ 06 08 iô ‘i. ot ~q,i o’i o~ o3
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Hour T3 T6 T=(T3—T6)

08 AM 29.2 28.3 0.9

10 “ 30.2 29.0 1.2

12 “ 31.9 29.9 2.0

02 PM 33.0 31.1 1.9

04 “ 32.3 31.7 0.6

06 “ 31.8 31.2 0.6

08 “ 29,8 30.7 0.9

10 “ 29.2 30,0 0.8

12 “ 28.9 29.8 0.9

02 AH 28,1 29.3 1.2

04 “ 27.8 28.8 1.0

06 “ 27.6 28.5 0.9

Table 2.3

terriperature inside pit

arnbient outside ternperature.

Both temperatures follow the same ~ttern during day and night.

A positive (negative) effect on ventilation can be expected 1f

T3?T6 (T3~T6)

~T ranges betucen + 2.0 and — 1.2

= +2;42 (1) 0.236 ri/m
2 ~P (2) = 0.210 N/m2

= —1;aP (1) —0.141 N/n32 ~P (2) = —0.123 N/m2

31 -

30.

t-
t

/

/
/

/ ,
-t

t-

—T3
~ 1

—-T 6

T 1

T3
¶6



S



C onciusions

The main conelusions 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. (fig. 2.6)

— The character of flow in a vent—pipe is turbulent.

— Flow resistance, due to mosquito gauze and friction of the

pipe wall, depends much on f 10w velocity.

The minimum ventilation velocities, less than 1 in/s, are not

significantly reduced by flow losses.

— The effect of sun radiation can be either positive or negative,

dependingon the difference in temperature in— and outside the

latrine. Due to the small difference in temperature, the effect

is little. The advantagehowever is that the positive effect

will occur during the night when wind velocity can be bv.
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Chapter 3 Field Study

3.1 Introduction

The field study was executed in August 1982 at the Building Research

Unit (BRU) in Dar es Salaam. Regarding the necessity of exehanging

vent—pipes an experimental VIP latrine was bu.ilt (Fig. 1.3;1.4;1.5

and 3.1). The measurements took place during day—time.

Append~c3gives exact information on weather conditions and day pro—

gramine. This chapter deals with the test—site, equipmentand test—

pr ogranime.

3,2 Wind condition in Dar es Salaam

Because wind is essential for a VI? latrine, some information about

the wind situation along the Tanzanian coast is given. Tanzania is

experiencing the North—East trade winds from november to March and

the South—East trade winds from april to october. The inonsoon pat—

term is part of the global climate. This pattern is modified by the

land masses. Thus, along the Tanzanian coast the sea breezes are

modified. 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, dependingupon

topography.

Late nights are often calm, during the mornings the sea—land

breezes develop and at 10.00 AM wind speeds range between 3—5 in/s.

The sea—land breeze reaches a peak in the mid—afternoon, when wind

speeds decline towards the evening. Land—sea breezes start late in the

evening and continue until davn, with wind speeds much lower than

during the day.
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Deecription of the installation

3.3.1 111F latrine at BRD

Figure 3.1 shows the latrine as

built. It is a square latrine,

inside 1 m2, from wich the slib

level is put en 0.95 m above the

ground level because of the high

ground water table. The vent—pipe

is located inside. Ventilation

openings (see fig. 1.6 and 3.2):

— Front side, above door

— Two small openings

— Side walls (each)

— Back side

— Key—hole

Walls and foundation

oene nt/sand stones, thiois~es s of

5 cm.

Roof:

Sisal reinforced sheets

The 111F latrine stands relatively

in the open. The wind cnn approach

the 111F latrine from any side.

No trees or buildings are loonted

in the near vicinity. The nearest

building is the HFL11 building it—

self, on a distance of approxi—

mately 30 m..

Fig. 3.1 Front side VI? latrt:e built

at the BRD, Bar es Salaam,

Tanzania.

1100
80

160

440

655

2

cm

Ii

t?

t’

II

1 —~r

iUHHDE

+‘
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‘4’
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Nc~~
Fig. 3.2 Schernatic drat•ring of VIP la-trine, inciuding Nor-th indication.
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3.3,2 Eguipnent

In order to get an idea of the ventilation, the velocity of the

flow of air going upwards in the vent—pipe is measured.

Haif—way t~e vent—pipe a p~tot tube is fixed to the vent—pipe~

The pitot tube is connected. to a rnicrornanometer. The ventilation

vebocity creates a difference in pressure. This difference In

pressure is converted by the apparatus back to velocity (nVs)

The velocity resuits 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 in the vincinity of the

top of the vent-pipe~

Fig.3.5 shows the installation.

The anemograph consists of an anemometer and a windvane. The

anemonoter records the wind speed and the windvane records the

wind direction, The resuits of the anemometer and the windvane

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

A

ii = -~- ~2- v2
Fig. 3.3 Pitot—tube

D

J
-3

Fig.3.4 Location pitot—tube.
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Fig. 3.5 VIP latrine at BRU, inciuding anemograph.

FIg.3.6 View of front side, taken from the top of

the V~latrine. To the left, BRU building. To the

right, a bakery.
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Paraneters se1~t~d

As mentionedin chapter 2 on factors influencing ventilation,

the i’ollowing are selected.

1. Diameter vent—pipe

The DaT es Salaam Demonstration project has installed VI? latrines

with either 4 er 6 inches vent—pipes. Both types work reasonably,

but the idea is that the 6~vent—pipe ventilates better.

The exact irfluence, if there is any, of diameter en ventilation

velocity (m/s) induced by wind velocity is not i~iowa.

The reason for choosing three different diameters is the hope to

find the optinuni one within these differenc~s. Chosen is for a 4”,

6” and 8” vent—pipe. 1f the dianeter has no influence en ventila—

tion velocity, then there night ‘ce a significant influence of dia-

meter on ventilation rate (m3/s). On the other hand one should ‘care

in mmd, that espe~cially for ~he very expen~iv~ PVO vent—pipe

material costo increase si~ificantly with increasing diameter.

The piPes used in the tests are made of PVC.

Table 3.1 Information on vent—pipes used

2. Location of the vent-pipe

The location of the vent—pipe in relation to the door, roof or

squatting slab night have some influence (see parameter 3) Three

positions are selected,

Pos sible locations for

putting a verro—pipo.

Pig. 3.7

Vent—pipe Dian.(inside) (Cutside) Thickness cros~-section

(iich) (cm) (cm) (cm) (en2)

4” 10.5 11.0 0.25 86.6

6” 14.0 16.0 1.OD 153.9

8” 21.3 22.7 0.70 56.3
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3. Reight of the vent—pi~e a’oove the roof/length of the vent—pipe

The roof is built under a certain

slope, to have rain directed backwards.

It is possible that the wind near the

top of the ‘~ent pipe doesn’t move hori—

zontally, but somehow under a certain

angle, 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.

1 Length slab—roof 2.27 m.

II and III Length slab—roof 2.12 m.

Table 3.2 Relation between length, height roof—top and location of

the vent—pipe.

4. 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—pipe.

Ventilation is created by wind blo~dng over the top of the vent—

pipe. There are two reasons to experiment with enlargers.

1. 1f only the top is intortant in creating ventilation, than It

is possible that a 4” vent—pipe with a 6” enlarger will have

the same result in m3/s as a 6” vent—pipo. An impor-bant reduc—

tion in c.aterial cost can be achieved.

2. ~!hen nos~uito gauze is used, ±t will decrease the open area at

the top, rosulting in flo’
1- rosistance. Increasing the diameter

of the top of the vont~pipe î~ill decroase f2o~ resi3tance ia:—

duced hy t:’-e ~c~q~~tc ou:c.

Fig. 3.8 Top of VIP

latrine.

Location

Location

Pipe length Height roof—top vent—pipe

(m) Loc.I Loc.II/III (m)

2.40 0.13 0.28

2.55 0.28 0.43

2.80 0.53 0.68
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Two combinationsare tested

— a 4” vent.—pi~e with a 6”

— a 6” vent—pipe with a 8”

4”to6”

Fig. 3.9 ~nlargers

enlarger and

enlarger

6” to 8”

horizontal scale 1 : 10

vertical scale 1 : 20

5. ~os~uito gauze

The function of a vent—pipe is not only ventilation, but also

to work as a fly—trap. Flies attracted by the light coming

from the top of the vent—pipe, want to use the vent—pipe as exit.

The way out through the vent—pipe can be blocked by mosaulto

gauze. It is logIc that due to the mosauito gauze there will be

a raduction in the ventilation velocity. (chapter 2.4)

Fig. 3.10

~osquito gauzo on

top of vent—~ipe.

The mooquito gauze is put

flat on op of the vent—pipe

and fixed to It with an elastic.

6. Cover

A way to izeep the pit dark and to prevent sruell 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 ‘ce a significant

barrier ~or air fiow,

Fi;. 3.11

0 ~TO.

1 —/ ~

/
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7, Door open/closed

The IÏIP latrines built in the Unicef rural sanitation project

in Iringa, Tanzania, are not equiped with doors, but L—shaped

wails should guarantee privacy.

Although the VIP latrine at the BRU doesn’t have a L.-shaped

wall, it seemed interesting what would be the result when the

door is kept open during the measurements.

Fig. 3.12 Vip latririe equiped with L—shaped wall.

(Unicef rural sanitation project,Tanzania)
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The test programme

Testing each alternative of the seven parameters would require

240 tests/measurements.

Para met er

1+4 diameter

2 location vent—pipe

3 length vent—pipe

5 rnosqu±to gauze

6 cover

7 door open

41? ,4t!+en.l.61?,6”,
6”+enl.8” ,8”.

1,11 and III

2.4Cm, 2.55rn,

yes/no

yes/no

yes/no

The most important parametersconsidered, before starting the

measurementa, were diameter and moequito gauze.

The 6” vent—pipe is chosen as reference diameter. The alternatives

of rarameter 2,3,6 and 7 are carried out with a 6” vent—pipe.

Measurementswith mosqu.ito gauzeare executed for one 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, United to 29

nieasurements.

Door open

Cover

NO —

NO ~ESYES N0

Mosquito gauze NO ~i~iQ~ .IiÇL.

Position

Lenath

1
~

a I b 1 c

II
1 1

a tb c

III
i

a ‘ b ‘ c

j,

••~ c •~

.~L

•~

Diameter 4”
t- 1

— t— t Bi
1 f

— i — ‘ B2
t

— 1 — B3 Dl — — —

4”+enJ.. 6” — 1 — B4. — — B5 - — — B6 •~_.

6»

6”+enl. 8”

Al i A2 t A3
1 t

-— , — 1 B7
1 t

— — iBlO

1 1
A4 t A5’ A6

t 1
— t— i B8

t
— ~— ~B11

1 1
A7, AS • A9

1
— t — B9

t 1
— t — ‘B12

a
,~

fl~

~L

~.

..Qî.,

8” — — —

Table: 3.3 survey test prograinme a: 2.40 m b: 2.55m c: 2.80e

—: not covered

A6: code of specific test

5

3

3
2

2

2

2.8Cm
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Chapter 4 RecordinE and evaluatlon of the resuits

Recordin~of the resultø

Each iueasurement,Al, A2 etc., will take at least one hour.

Two charts are being produced.

Chart 1 : (Dxi this chart the venti].ation velooity, the veloci—

ty of the flow of air going upwarde in the vent—pipe-.

is dotted on pressuresensitive ~aper. This ~per is

moving with a speed of aix inch per hour. The scs].e

is from 0—10 NV’s, ohart width 5.9 cm.

Chart 2 : Tbi~ chart givea the resulta of the anemograph. To-

tal chart width 2.6 inchea, 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 givea the resulta of the

windvane, wind direction.

Fig. 4.1 Chart 1,

ventilation velocity

During the measurementa it was noticed, as expected, that there

would be a strong correlation between wind velocity and venti—

lation velocity. Both peramneters were dlaplayed on panel meters,

wich showed a similar behaviour. To nake the correlation visual,

1 enlarged chart 2 two tinies.

It is very difficult to read the resuits from the charta. There-

fore all recordings are photocopied and line~ are drawn on the

photocopies, following the jattern of the points.(Fig.4.3)

One line indicateø wind -velocity, the other line ventilation

velocity. In order to find a characteristic relation, approxi—

mately thirty correapondingwind/ventilation point are randomly

chosen.

Fig.4.2 Chart 2,

anemograph
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A figure as fig. 4.4 reveals a linear relation between wind— and

ventilation velocity.

The relation betweenwind— and ventilation ve].ocity, expressed

in the characteristics: regression coefficient and intercept,

bas been calculated for all the 29 measurementsusing the least

aquare method, ( Table 4.1)

30 -

- I5~ -

z
I~3
~ -

Fig. 4.4 Wind/ventilation velocity relation
(measurementA 2)
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L~ 1-0 2.~ 10 7!~ 4,0 4.Ç ~O
wIp4O veLocTyc’~’$)—i
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Table 4.1. Resuits of the least squareinethod (see also appendix 1)

Y = b x -fa b (—) regression coefficient ventilation (nVs)/wind (n~/s)

velocity

a (n~/s)intercept

The foflowing rarameters are calculated after the results of the least

squaremnethod.

Xo (m/s) minimum wind. velocity to create ventilation (.-a/b)

0 (m2) regression coefficient ventilation volume(m3/s~windvelocity

(b ~ area cross—sectionvent—pipe)

Code b a Xo 0 (~lO~)

A 1 0.7051 —0.1350 0.191 10.86

A 2 0.6656 —0,3506 0.527 10.25

A 3 0.6477 —0.3266 0.504 9.97

A 4 0.5961 —0.2926 0.491 9.17

A 5 0.5510 —O.2’772 0.503 6.48

A 6 0.5521’ —0.2650 0.480 8.50

A 7 0.5964 —0.3770 0.632 9.18

A 8 0.5130 —0.2225 0.434 7.90

A 9 0.5763 —0.2906 0.504 8.87

B 1 0.5856 —0.3698 0.631 5.07

B 2 0.5460 —O,350’7 0.642 4.73

B 3 0.6121 —0.3886 0.635 5.30

B 4 0.7921 —0.3903 0.493 6.86

B 5 0.7545 —0.4326 0.573 6.53

B 6 0.6955 —0.5164 0.742 6.02

B 7 0.7241 —0.4941 0.682 11.15

B 8 0.7765 —0.4644 0,598 11.95

13 9 0.7798 —0.3844 0.493 12.00

B 10 0.4498 —0.1685 0.375 16.03

B 11 0,4494 —0.2160 0.481 16.01

B 12 0.4719 —0.3843 0.814 16.81

C 1 0.3214 —0.4889 1.521 4.95

0 2 0.2486 —0.4457 1.793 4.54

O 3 0.4136 -.0.6504 1.573 6.37

D 1 0.4800 —0.4935 1.028 4.16

o 2 0.6835 —0.4853 0.710 5.92

0 3 0.4844 —0,3885 0.802 7.46

O 4 0.6566 —0,5075 0.773 10.11

0 5 0.4291 —0,4957 1.155 15.3
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Table 4.2 : For all measurements: duration, max.—med.—min. vent.velocity,

max.—med.—min. wind velocity, wind stability and wind direction,

wind direct.

Leng~tJ~ Vent, Vel. (m/s)

Nr~ min. sec. min. av. mx.

wind vel. (m/s) stability prevail

tuin. av.* max. bad reas good direct.

x

x

x

x
x

Al

A2

A3
A4

A5
A6

A7

A8

k9

Bi

B2

B3

B4

B5

B6

B7

B8

B9

BiO

Bil

Bi 2

Cl

C2

C3

Dl

D2

D3

D4

D5

x

x

x

x

x

64 58

73 37

61 1

71 39

65 57
64 34

87 24

63

64 10

67 43
59 51

72 26

69 17

66 56

59 51

64 10

65 45

82 41

74 1

110 14

80 19
56 18

51 58

44 6

61 1

75 59

74 1

91 44

81 53

0

0.2

0.15
0

0.10

0

0

0

0.18

0

0

0

0.1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.2

1.7

1.4
1.6
1.2

0.6

1.1
0.9

1.15

1.25

1.10

1.35

2.3

1.6

1.1

0.85

2.0
1.4

1.2

0.75

0.62

0.3

0.2

0.6

0.95

1.55
0.65

1 .85

0.3

3• 05

3 • 45
3.6

3.05

2.45

1.9

3.7
2.2

3.2

2.7

2.95

3.0

5.0

4.35

3.70

3.55

5.5

4.25
3 • 25

2.35

2.6
1.35

1.0
1.65

2.7

3.8

2.55

4.2
1.75

0.3

1.0

0.9

0.9
0.6

0.25

0.25
0.6
0.8

0.30

0.60

0.80

0.15

0,7

0.55

0.5

0.6
0.65

0,8

0

0.55

0.6
0.55

1.1

0.75

0.6

0.8

1.10

0.2

2.1
3,1

2 • 85
3.0

2.75

1.75

2.5

2.3

2.5

2.75

2.80

3.0

3.30

2.80

2.25

1.8

3.4
2.5

2.95

2.25

2.4

2.4

2.5

3.25

3.15

3.0
2.30

2.45

1.75

4.0

5.8

6.25

5.65

4.9

3.9
6.8

4.65

6.55

5.70

6.10

5.75

6.95

6.25

5.50

4.2
6.6

5.75

6.5

5.95
6.1

5.9

5.7

5.9

6.6

6.35

6.1

6.6

5.0

x

x
x

x

x

x

x

x
x

x

x
x

x
x

x

x
x

x

x

ne

n

n

n

n

S S

se

s—se

e—se

e

e

ne

ne—e

e

e—ne

n—ne

ne

n

ne

çn,-nw
S

w—sw

S

e—ne

ne

s—sv

n—ne

e

~‘The average t~ind velocity chiring the 29 rneasurernents is 2.59 rn/s
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Evaluation of the resuits

It would be ideal if the ventilation velocity could be described

as a function of wind, diameter etc..

Ventilation velocity (i,/s) = f (wind, diameter, position, leng’t~,

moaquito gauze, door, cover)

Hypothetic solution : For position I,II,III,closed door and no

cover;

Ventilation velocity1 (~/s) ~wind velocity +~
3diameter + log

lenght +~porosity2mosquitogauze

Due to the limited nuinber of measurements and the lack in know—

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

A compleet analysis of variance, to test all perameters en signi—

finance, could have been possible if all 240 tests had been made.

Unfortimately onJ.y 29 tests ware executed.

Position 1 II III

1~iameter 4” Bi 32 133

4” +enl.6” B4 135 136

6” A3 A6 A9

6” +enl.8” 137 38 139

8” BiO Bil B12

(Bi: code of

measurement,

see table 3,3)

Table 4.3: code. of measureinentsdiameter / position.

Analysis of variance

4,3.1. Ventilation velocity, dIameter

Diameter and position can be tested in a two—way classification.

Remarks:

door not open, no cover, no inosquito gauze, length vent—pipe 2.80m.
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~ch ceil represents a measuretnent. For the analysis each measure—

ment, each ceil, should be represented by one figure.

The regression coefficlent (table 4.1) ~an not be used as repre—

sentative figure for each meas-urement,becausernost relation

lines do not cross the X—coordination line in, or near the same

point.

Taking the average val~ of the ventilation velocity 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 resuits of the measure—

ments into two groups: 1: wind velocity ~ 2.5 m/s

II: wind velocity ~ 2.5 m/s

A first analysis can be executed by com~ring the standard resi-.

dual deviations. The resid.ual standard deviations are calculated

with the least squaremethod.

Mosq.gauz~ NO

Position 1

NO

II

NO

III

YES

II

Diameter

4~
41t+enl6fl

6”

6t?+enl.8ff

8”

ws~2.5 ws>2.5

0.1611 0.2532

0.3131 0.2121

0.2085 0.3431

0.3985 0.8238

0.1601 0.2432

ws~2.5 ws>2.5

0.1354 0.1239

0.1753 0.3527

0.1656 0,1423

0.1370 0.4936

0.1828 0.1388

ws42.5 ws>2.5

0.1678 0.3004

0.2391 0.5238

0.0903 0.1495

0.1800 0.4158

0.2810 0.3991

ïs(2.5 ws>2.5

0.0853 0.1040

0.1273 0.0998

0.2363 0.1212

0.1736 0.3043

0.09838 0.1306

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

ws~wind speed (»~‘/5)

Table 4.4 standard deviations linear regression calculations, ws ( 2.5 m/s
and ws>2.5 n~/s.

From table 4,4 can be observed that :

— minimum standarddeviation 0. 0903,

— maximum standarddeviation 0.8283,

The spreadingin the standard deviation is too big, to use the average

value of the ventilation velocity for an analysis of variance. A van—

ance stabilizing transformation is therefore neces sary.

— standard deviation)O.30 can often be found when:

a: an enlarger is used

b: windspeed)’2.5 !w’s.

The standard deviations are remarkably low ~n mosquito gauze is used.
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Mosquito gauze has a stabilizing influence on the resuits of the

ineasureinents.

Vaniance Stabilizing Transformation

~cplanation

be found in

Procedure

log Si

of the vaniance stabilizing transformation theory can

Ref. 20 (p. 232/238),

the averagevalue of the ventilation velocity

(m/s) in each ceil, than ~ =~‘is the transformed

average value of the ventilation velocity.

X~:

~Ccan empirically be found. (Fig. 4.5,table 4.5)

Si = standard deviation

Fig. 4.5 Calculation of vaniance stabilizing coefficient
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Table 4,5 Variance stabiliziiag tran6formation

Yi : average value of ventilation velocity (M/5)

S! : standard deviation

Zi :Vjb

ws : wind speed 1<2.5 (Ws) 11)2.5 (i/s)

Code ws Yi S! lag ~i lag S! ~i

Bi

Bi

fl2

B2

fl3

B3

fl4

B4

55

55

B6

B6

A3

A3

A6

A6

A9

.A9

fl7

57

Bio

Bio

Bil

Bi 2

512

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II

1

II,

1

II

1

II

o~638
1.633

0.562

2.106

0.471

2.439

1.007

2.902

0.718

2.821

0.52

2.150

0.859

2.056

0• 485

1.425

0• 411

2.053

0.728

1.586

0.796

3.058

0.609

2• 836

0.638

1.708

0.475

1.595

0.486

1.373

0.1611

0.2532

0.1354

0.1239

0.1678

0.3004

0.3131

0. 21 21

0.1753

0.3527

0.2391

0.5238

0.2085

0.3431

0.1656

0.1423

0.0903

0.1495

0.3 98 5

0.8238

0.1370

0.4936

0.1800

0.41 58

0.1601

o • 2432

0.1828

0.1388

0.2810

0.3991

—0.195

0.213

—0• 25

0.3 23

—0.327

0.387

0.003

0.463

—0,144

0.450

—0.284

0.332

—0.066

0.313

—0.314

0.154

—0.386

0.312

—0.138

0.200

—0.099

0.485

—0.215

0.453

—0.195

0.232

—o• 323

0.203

—0.313

0.138

—0.793
-0.597

—0.868

—0.907

—o • 775

—1.522

—0.504

—0.673

—0.756

—0.453

-.0 • 621

—0.281

-0.681

—0.465

—0.781

—0.847

—1.044

—0.825

—0 • 400

—0• 084

—0.863

—0 • 307

—0.745

—0.381

—0.796

—0.614

—0.738

—0.858

—0.551

—0.399

0.849

1.461

0.640

1.779

0.559

1 • 993

1.005

2.228

0.774

2.230

0.603

1.808

0.889

1.746

0.571

1.315

0.503

1.744

0.782

1.429

o• 838

2.374

0.681

2.240

0.706

1.513

0.562

1.435

0.572

1.278

a:= 0.2265 0.7735
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Diameter

POSITION 1 POSITION TI
k =6

POSITION

ws(2.5 in/s ws)2.5 als ws<2.5 ~ ws~2,5 nVs ws(2.5 m4,/s ws?2.5 in/s

4” 0.849 1.461 0.640 1.779 0.559 1.993 1,214

4” +enl.6” 1.005 2.228 0.774 2,230 0.603 1.808 1.441

6” 0.889 1.746 0.571 1.315 0.503 1.744 1.128

6” +enl.8” 0.782 1.429 0,838 2.734 0.681 2.24 1.451

n=5

8” 0.706 1.513 0.562 1.435 0.572 1.278 1.011

0.846 1.675 0.677 1.899 0.584 1.813 Z~1,249

Table 4.6 Values of traneformed averageventilation ve1ocitiea~Remarks : no cover
no moequito gauze
door closed

- lengti~ vent—pipe 2.80 in





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

velocity.

source of

vaniation

sum of

equares

degrees of

freedoin

mean

square

ratio of

mean

squares

diameter

positioiy’ws

residuals

Sb= 0,901

S~=9.27

Sd 1.272

n—1 =4

k—1 5

(n—1)(k—1)20

S~= 0.225

S~ 1.854

S~ 0.064

S~/S~= 3.516

~j~d = 29

Total S =11.44 N—1 29

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

The F—test indicates that the Influence of positiori/wind speed is absolutely

significant. This could be expected as a result of the division of wind

speed into two groups.

The moet important conciusion, however, is that the influence of the dia-

meter on ventilation velocity is not significant ( F005 (5/20~)=4.76))

within the units of acuracy of this research.

4.3.2 ventila.tion volume (m
3/~ diameter

Venti].ation volume calculated as :

ventilation velocity~rea of cross-.section vent—pipe.

(Flow charactenistics, turbulent)

,~ ) diameter (cm)

An analysis of vaniance is applied on ventilation v-olume, , position/

wind speed.

area of

cross

(cm2)

~00

20°

section
Fig. 4.6: diameter/area of crose—section
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Table 4.8 Vaniance stabiflzing tranefonination, ventilation volume.

~33
:ven-til. volume (10 in/s)

standard devjation —

stabilized value of Yi’
= 0.60

A=3. 10
A = 15.39 10
A 35.63 10 ~

—3

Code VS_- a~~A) Sit=(Sii~A) Log(~it.io3) Log(Si’103) ~j’

Bi 1 5.52 io 1.39 —10~ 0,74

Bi II 14.14 2.19 1.15

B2 1 4.87 1.17 0.69

B2 II 18.24 1.07 1.26

B3 1 4.08 1.45 0.61

B3 II 21.12 2.60 1.32

34 1 8.72 2.71 0.94
B4 II 25.13 1.84 1.40

B5 1 6.22 - 1,52 0.79

B5 II 24.43 3.05 1.39

B6 1 4,50 2.07 0.65

B6 II 18.62 4.54 1.27

A3 1 13.22 3,21 1,12

A3 II 31.65 5.28 1.50

A6 1 7.47 2.55 0.87

A6 II 21.94 2.19 1.34

A9 1 6.33 1.39 0.80

A9 II 31.6 2.30 1.50

B7 1 11.21 6.13 1,05

87 II 24.41 5.05 1.39

88 1 12.25 2.11 1.09

B8 II 47.07 7~6O 1.67
B9 1 9.37 2.77 0.97

B9 II 43.65 6.40 1.64

BiO 1 22.73 5.72 1.36

BiO II 60.86 8.67 1,78

Bil 1 16.93 6.51 1.23

311 II 56.83 4.95 1.75
312 1 17.32 10.01 1.24

B12 II~ 48.92 1L.22

0.14

0.34

0.07

0.03

0.16

0.41

0,43

0,26

0.18

0• 48

0.32

0,66

0.51

0.72

0,41

0.34

0.14

0.36

0,79

0.70

0.32

0,88

0.44

0 • 81

0.76

0,94

0.81

0.69

1.00

1 ~1 ç

1 .98

2.89

1 .88

3.19

1.75

3 • 39

2.38

3,63

2 • 08

3 • 59

1.83

3.22

2.81

3.98

2.24

3.44

2.09

3.98

2.63

3 • 59
2.72

4.67

2.45

4.53

3 • 49

5.17

3.10

5 • 03

3.13
1 ‘71

Remarke

Bi / 36
A3/A9
810/812

~a’.~311 =

zh =

)~.=1 —~

and B7 / B9
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DIAMETER

PO&ITION 1 POSITION II POSITION III K6

we 2.5 nv’s we 2.5 in/s we 2.5 114/s we 2.5 in/s we 2.5 m/a we 2.5 W8

4” 1,98 2.89 1.88 3.19 1.75 3.39 2.51

4” +enl.6” 2.38 3.63 2,08 3,59 1.83 3.22 2.79

6” 2.81 3.98 2.24 3.44 2,09 3.98 3.09

6” +enl.8” 2.63 3,59 2.72 4.67 2.45 4.53 3.43

n=5
8” 3,49 5.17 3.10 5.03 3.13 4.74 4.11

2,66 3.85 2.40 3.98 2.25 3.97 3.19

Table 4.9 Analysis of vaniance transformed values of Remarke
ventilation volume, E’

No moequito gauze
No cover
Pipe 1engU~2.80 (in)





Table 4.10 Analysis of vaniance table, trausfoninedaverage values

of ventilation volume.

source of

vaniation

sum of

equares

degrees of

freedom

mean squa.re

ratio of

inean

equares

diameter

position/ws

residuals

Sb= 9.22

S~l7.28

Sd= 1.56

n—1 = 4

k—l = 5

(n—i)(k—1)=20

S~ 2.31

S~= 3.46

S~= 0.078

s~/s~= 29.6

s~/s~= 44.4

total S =28.06 N—1 = 29

F0005(4/20) = 5.17 F0005(5/20) = 4.76

Table 4.10 shows obviously that the influence of diameter en ventila—

tien Y~ølume i~ significant. The ratio of mean squares (F0005(4/2o)=5.17)

= 29.6 exceedsenorinously the 0.5% significance level.

The high natie of mean squares for position/ws can be explaned by the

division of the wind velocity into two groups.

51





Q

vent
b volume

(*10-3)

Xo wind velocity (m/s)

Diameter Code Xe b C’103 Q (tn3Js)
~.»_io-~)

for a wind
2.59_nv’s

speed of

2,~’ Bi 0.631 0,5856 5.071 9.93

4” B2 0.642 0.5460 4.728 9.21 .

4” B3 0.635 0.6121 5.300 10.36

4”+6”enl, B4 0.493 0.7921 6.859 14.38
4”-I-6”enl. B5 0.573 0.7545 6.533 13.18

4”+6”enl. B6 0.742 0.6955 6.023 11.13

6” A3 0.504 0.6477 9.971 20.8

6” A6 0.480 0.5521 8.499 17.93

6” A9 0.504 0.5763 8.872 18.51

6”-i-5”enl, B7 0.682 0.7241 11.147 21.27

6”+8”enj., B8 0.598 0.7765 11.953 23.81

6”+8”en.l. B9 0.493 0.7798 12.004 25.17

8” BiO 0.375 0.4498 16.027 35.50

8” Bil 0.481 0.4424 16.013 33.77

8” B12 0.481 0.4719 16.815 35.46

Table 4.11 Resulte diameter.

4,3.3 Quantification of irifluence of diameter en venthlation volume,

In table 4.11 the ventilation velocity / wind velocity relation is trans—

formed by multiplying with the area of cross—sectlon concerned, to a

ventilation volume/ wind velocity relation.

vent.

vel.

(in/s)

1

Xo wind velocity (m/s)
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Comparing the different v&lues of c, ignoring the different values of x,

we see that;

Diameter / enlarger

Both, diameter and enlarger, are significant ~rameters.

a 6” enJ.argerput on a 4” pipe will increaee efficiency vith +29%

a 8” enlarger put on a 6” pipe will increase efficiency with

The respective figures in percentages of regression. coefficient C

for the vent. pipes witE/without enlargers are:

4” 55%
4” + 6” en].. ~71

6” 100

6” + 8” en].. 128

8” 178

Roughly can be stated, that these figures can be applied also on ven—

tilation voluines (nr3/s).

4.4 Mosguito gauze

The influence of inosquito gauze on ventilation has been tested on the

f ive different diazneters,

The moequito gauze used, is from Fotheregill & Harvey Ltd. U.K.;

No. of threads/cm: 7.0 in one direction and

5.5 in the other

Thread diamete~ : 0.25 mm -

per square cm, 0.288 cm2 is covered by mosciuito gauze.

The reduction in ventilation volume, due to the influence of mosquito

gauze is significant. (Table 4.11).

The avenage values of the ventilation velocities are transfonined as

in table 4,5. The resuits are com~.red to the transformed values of

the ventilatien volumes, of the identical tests witheut mosquito

gauze, minus two times the standard deviation. (0.O’78).
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Code Diam. ve ~(n~/s) s.d, f1 10~

(m3/s)

~ode Zi’—

table

,166

1f.8)

Dl 4” 1

II

0.296

1,503

0.0853

0.104

2.56

13.06

1.46

2.79

B2 1,72

3,03

D2 4”+6”enl. 1

II

0.427

2.784

0.1273

0.0998

3.70

24.11

1,69

3,57

35 1.92

4.43

D3 6” 1

II

0.338

1.650

0.2363

0.1212

5.20

25.4

1.93

3.65

A6 2.08

3.28

D4 6”+8”enl. 1

II

0.773

2.553

0.1736

0.3043

11.90

39.30

2.69

4.37

38 2.56

4.51

D5 8” - 1

II

0.321

0.900

0.0984

0.1306

11.44

32.07

2.65

4.00

Bil 2.94

4.87

Table 4.12 Mosquito gauze significanèe testing

In eight out of ten tinies, Z’< (7:1 — 0.166)

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

in ventilation volume is caused by the use of mosquito gauze.

An attempt is made in table 4.i~,

Y

Code Diarneter/Xo ~Xo b 3(b) c(103) Q*(1O~ m3/s)

B2

Dl

4” 0.642

1.028 0.39

~O.5460

0.4800

0.015

0.012

4.728

4.156

9.21

6.49 —30%

35

D2

4”+6”en~ 0.573

0.710 0.14

0.7545

0.6835

0.035

0.011

6.533

5.918

13.18

11.13 —16%

A6

D3

6” 0.480

0.802 0,32

0.5521

0.4844

O.02’7

0.012

8.499

7.457

17.93

13.33 —26%

38

D4

6~~+8TTeifl 0,598

0.773 0.18

0.7765

0.6566

0.023

0.026

11.953

10.108

23.81

18.37 —23%

Bil

D5

8” 0.481

1.155 0.67

0.4494

0.4291

0.021

0.023

16,013

15.290

33,77

21.94 —35%

ventilation
velocity
(als)

Table 4.13

ventilation
vo unie
(~ /s)

Xb wind velocit~ (als) X~wind velocity (m/s)

,~ wç
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Rernarks : Xo minimum wind velocity required to create ventilation

b re~gression coefficient vent.velocity/’wind velocity

S(b)standarddeviation regression coefficient.

c regression coefficient vent.volume/wind velecity

Q ventilation volume (ni3/~), wind velocity is 2.59 in/s.

2.59 nv’s is the average wind velocity duning 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 ie 0,34 in/s.

The average redusction in ventilation volume for a wind velocity of

2.59 als is 26%.

Both Xo and the reduction in ventilatien volume vary reasonably.

Therefore, the figures of 0.34 in/s and 26% should be seen au in—

dications,

Cover

The results of the two tests, Cl and C2, reveal a significant in—

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

— Xo minimum wind speed required to create ventilation

— b regression coefficiont ventilation/wind velocity

— c regression coefficient ventilation volume/wind velocity.

Code characteristice Xo b S(b)
3

C~1O
Vent.velocity (in/s)
for ws 2.59 in/s.

A6 rererence

D3 mosquito gauze

Cl cover on key hele

C2 cover on key hele

+ mosguito gauze

0.480

1.028

1.521

1.793

0.5521

0.4844

0.3210

0.2486

0,027

0.013

0.017

0.027

8.50

7.46

4..95

4~54

1.165 100%

0.866 74%

0.344 30%

0.198 17%

Table 4.14 Resulte Cover

Remarks: 6” vent—pipe, position II, length 2.80 in.

- - A 6 -- --
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The use of a cover reduces ventilation efficiency to 30%, in rela~ion

to an open vent—pipe.

The combination of aosquito gauze + cover bas a disastrous impact on

ventjiatjon. The minimum wind speedrequired to create ventilation is

1.79 in/s, while the regression coefficient b droppe to 0.25.

4.6 Position /Len~th vent—pipe

The resulte 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 in en position 1.

L~TGTH POSITIC:J

1 II III

2.40 Al A4 A7

2.55 A2 A5 18

2.80 A3 A6 A9

Remark: 6” vent—pipe

F/6. L
19 inf].üence of position/

length vent—pipe

Although this positive effect is explanable (chapter 3.4), the relia—

bility of measurementAl is low.

A 95% reliability interval arounci. the wind/ventilation velocity re—

latien inciudes all the other ineasurenients.

The conclusion must be that position or length does not influence

ventilation efficiency sign±ficantly,

-
— —

~*‘I~O VeL. (M/~)
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4.7 Open/closed door

The effect of croes—ventilation is more experienced with an open

door.

The only measurement executed with an open door shows the following

resulte,

— The minimum wind velecity Xe requlred is + 1.6 als

— The regression coefficient c, re~’esenting the linear

relation between ventilation volume and wind velocity,

droppe to 0.4136.
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Chapter~5 Conciusions and design guidelines

— Mechanism of ventilation

This study finds a linear relation betueen wind velocity and ventilation

velocity.

Wind blowlng over a vent—pipe creates en under—pressure. Due to the dit—

ference in pressure pit/top vent—pipe, ventilation will take place.

i-1

Xo Minimum wind speedrequired
to create ventilation

1~~~’ aventilation velocity
~ - awind velocity

Xo wind velocity

Fig. 5.1 Wind/ventilation velocity relation.

A minimum wind velocity (Xo) is required to create ventilation. When

the wind velecity exceeds Xo, a linear relation between wind/ventila—

tion is established.

The inogt important conclusion is that a VIP latrine needs wind tocre—

ate ventilation. Xe and the coefficient a depend en a nuinber of para—

meters, such as diameter vent—pipe, design of superstructure etc.

— Standard

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

To iny opinion, an air change of the superstructure every five minutes

will quarentee that odour inside the superstructureafter use will be

sufficiently removed. A contineous air flow eneuree that odours from

the pit won’t enter the superstructure. The volume of the VIP super—

structure is 2.1 in3.

A volume flow of 25 rn3/h (6.94 10~m3/s ) satisfies, not considering

the pesitive effect of cross—ventilation.
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— Diameter of vent—pipe, the use of enJ.argers.

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 (~n3/s) , induced by wind, is significantly depen—

ding on diameter/enlarger.

Roughly can be stated

‘Diameter’ 4” 4fl+6tTenl. 6” ~ 8”

Vent. efficiency 55% 71% 100% 128% 178%

More interesting is the question of wich dia~ter should be used. The

ansverdependson the wind s~tuat1on. In a windy area a 4fl er a 4”+6”

eni. will meet the needs.

On a location where not much wind is experienced, a 6”; 6t’-i- 8”enl. er

even a 8” diameter vent—pipe sheuld be fixed. However, when the average

wind velocity is less than 1 in/s, the ventilation as described in this

report dees not function properly.

— Mosqui.te gauze

The mosquito gauze used, is from Fothersgil & Harvey Ltd. U.K.

Numbers of threads/cm: 7.0 in one direction

5.5 in the ether

Thread diameter : 0.25 min

The use of mosquito gauze reduces ventilation efficiency.

— Xe the minimum wind speed required to create ventilation is

increased (rough].y ± 0.35 als)

— 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 ~Vs,
the over—all average ventilation velocity during the measurements,

is approximately 25%.

Mosquito gauze is eesentiaJ. for proper functioning of a VIP latrine.

The reduction in ventilation efficiency should therefore be kept in

mmdbef ore choosing the type of vent—pipe.

— Cover

The function of a cover is to prevent files and mosquitos from en—

tering and leaving the pit.

With regard to vöntilation, a cover is a severe obetacle to flow.

The combination of moequito gauze + cover is fatal for ventilation.

The minimum wind velocity, before ventilation starts working, is

appr. 1.8 nv’s. A cover should therefore not be used. However, when

the superstructure is not able to ensure relative darkness, hence

files pref er to leave the pit through the equatting slab instead

of through the vent—pipe, then a cover has to be used.

— Position/length vent—pipe

The Dar es Salaam type of VIP latrine has insta.lled the vent—pipe

inside the superstructure of the latrine. Three positions and three

different pipe lengths were selected.
-~ 1

~LO

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 lengthp.s mentioned

here above, than the moet prefeiable position is where the top of

the vent—pipe is located near the top of the roof. This will avoid

a positive wind gradient and hence wind blowing 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 m.ight even be increased when f.i. the latrine is located in

between two houses.
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APPENDIX 1 App. 1
p. 1

Results of least squaremethod and statistical information for each

measurementseperately.

Each page gives for one measurement the following information

regression coefficient

intercept

correlation coefficient

residual standard deviation

standard deviation intercept

standard deviatien regression coefficient b

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

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

freedorn

total sutnin of squares; (N—1) degrees of t’reedom

su.min of squares ascribed to regression.-equation

summ of equares ascribed to deviations of regres—

sion—equation; (N—2) degrees of freedom

nuinber of points concerned

Door open NO — — YES

Cover NO — JI~

Mosquito gauze NO YES NO YES JjQ_
Position T IT III II II II ~II_

Lerigth
3 t

~ tb’c
3 t

a ‘b •c
3 1

a ‘b ‘c •.~ ...~ •~.. .•~

Diameter 4”
t- 1

— i — t Bi
1 t

— t — ‘ fl2
• t

— 1 — , fl3 Dl — —

4”+enl. 6fl — — — — B5 — — fl6
..~..... .~... .........

6”
3 3

Al t A2 t A3
1 1

A4 iA5 ‘ A6
1 1

A7~A8 A9 D3 Cl C2 ~_

6”+enl. 8”
t 3

— — t ~7
t t

— — iBlO

t 3

— t
t

— i— iBul

S
— t — B9

t t
Q~~_ ~.. ~_.

8” — t— ~B12 Q~ ~_.

Table: 3.3 survey test programme a: 2./~O in b: 2.55m c: 2.8Om

—: not covered
16: code of specific test

—b

—a

—R

— S(y,x)

— S(a)

— 5(b)

—t

—t

— 35(y)

— SS(reg)

— SS(res)

—n

Table 3.3 Survey test programme, explanes codes used.





i.easuremett Al Ap~. 1 r.2

“= b ~±3
b= O.7051E±0O
ar~0.135OE+OO
de correiatiecoeFFicient
de res iduele stardaardaPwijk ina
de standaard?out in het intercePt
de standaardfoçtt in res.coefff’icient b
toetsing voor het anterce~t 37

met (N—2) vrj~heidssraden
toetsins voor resressiecoeffF’icient b
met (N—2) vri.jheidssraden
de totale Kwadraatsom
niet (N—1) vri~heidssraden
de Rwadraatsoni7toe te schriJven
aan de resressieversel i.Jkins
de Rwadraatso;i,toe te schriJven
aan aFwiJRinsen van de resressie—
verseli~Kins met (N—2) vrijh.srad.

De insevoerde Punten :iJn
n X—waarde Y—waarde
1 0.900 0.550
2 2.950 1.800
3 0.850 0.400
4 1.350 0.900
5 3.450 2.450
6 0.950 0.350
7 1.700 1.150
9 3.050 2.500
9 0.002 1.700

10 0.700 0.100
11 2.200 1.250
12 0.950 0.000
13 0.950 0.100
14 3.650 2.400
15 0.650 0.000
16 1.750 0.950
17 0.650 0.250
19 1.750 1.200
19 1.600 1.100
20 2.450 1.400
21 2.350 1.700
22 0.600 0.100
23 2.550 1.700
24 0.750 0.250
25 2.350 1.250
26 2.550 1.600
27 0.900 0.250
28 2.350 1.800
29 2.900 1.950
30 4.000 3.050
31 3.000 1.950

~ GomTflun~t?~ ~L) - -

R= O.8837E-’-OO
S(v7x) 0.4080E+00

S(a) 0.1475E±00
S(b)= 0.6934E—Ol

t= 0.9156E+O0

t 0.1017E+02

SS(v) 0.2205E+02

SS(res)~ 0.1722E+02

SS(res) O.4829E-i-01

0





s ure rio App.l :‘.3

r b X + a

b= 0.6656E+00
a~—0.3506E+00
de correlatiecoeFFicient
de residuele standaardaFwiJKins
de standaardPout in het intercePt
de standaardf’out in res.coeFf’icient
toetsins voor het interce~t a7
met (N—2) vriJheidsaraden
toetsins voor resressiecoefFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vriJheidssraden
de Rwadraatsom,toe te schriJven
aan de res*essieverseliJkins
de Rwadraatsom7toe te schrijven
aan aPwijfçinsen van de resressie—
verseliJKins met (N—2) vriJh.srad.

De insevoerde punten zijn
n >(—waarde Y—waarde
1 1.100 0.500
2 3.650 1.900
3 1.350 0.350
4 4.650 3.200
5 4.450 2.800
6 1.000 o.zdo
7 3.250 2.300
8 1.100 0.350
9 4.050 2.300

10 5.000 3.400
11 1.650 0.900
12 1.350 0.800
13 4.350 2.450
14 5.000 3.100
15 4.400 2.300
16 2.850 1.250
17 5.150 3.000
18 2.000 0.900
19 5.650 3.400
20 5.800 3.450
21 1.100 0.450
22 4.500 2.250
23 1.600 1.000

4G~0 ~350
25 2.250 1.250
26 3.100 1.600

1 3~0 0 300
28 4.500 2.900
29 3.300 1.800
30 1.350 0.700

R= 0.9789E+00
S(v7x) 0.2268E+00

S(a) 0.9381E—Ol
t: S(b)= 0.2628E—Ol

t= 0.3737E-’-01

t= 0.2533E+02

SS(y) 0.3446E+02

SS(res) 0.3302E+02

SS(res) 0.1441E+01



‘0



Leasine”~ent - Apn.1 -.4

= b >( + a
b 0.6477E-’-OO
a—0. 3266E+00
de correlatiecoeFPicient
de residuele standaardaf’wijRins -

de standaardFout in het interce~t
de standaardFout in res.coeF’f’icient
toetsins voor het intorce~t a~
met (N—2) vrijheidssraden
toetsins voor resressiecoePf’icient b
met (N—2) vrijheidssraden
de totale Kwadraat.som
met (N—l) vri~heidssraden
de F~wadraatsom~toe te schrijven
aan de resressieverselijkins
de Kwadraatsorn7toe te schrijven
aan aFwijKinsen van de resressie—
verseli~Kins met (N—2) urijh.srad.

De insevoerde punten zijn:
n >(—waarde ‘(—waarde
1 3.000 1.300
2 4.000 2.550
3 3.100 1.550
4 2.250 1.200
5 4.350 2.5~~0
6 2.200 0.950
7 1.450 0.750
8 2.000 1.050
9 2.850 1.800

10 2.950 1.350
11 1.100 0.500
12 1.300 0.150
13 2.000 0.800
14 3.800 1.900
15 3.150 1.850
16 2.650 1.450
17 2.250 1.300
19 4.100 1.900
19 1.800 0.900
20 4.750 3.250

21 5.400 3.600
22 2.650 1.950
23 5.350 2.600
24 2.500 1.200
25 4.000 1.950
26 2.650 1.600
27 1.600 0.850

R= 0.9387E+00
6(v7x)= 0.2866E+00

S(a) 0.1497E+00
S(b)= 0.4758E—Ol

t= 0.2182E+01

t= 0.1362E-F02

SS(y) 0.1730E+02

SS(res) 0.1524E-’-02

6S(res) 0.2054E+01

S





Iieasuren-îcnt A4 Ajn.1 ~.5

Y b )(+a
b= 0.59G1E+00
a—0 . 2929E+00
de c o rr e lat i ~cc e Ff’ i c i en t
de residuele standaardaFwijKiris -

de standaardFout in het intercePt
de standaardFout in res.coefFicient b:
toetsins voor het intercePt a~
met (N—2) vrijhei’jssraden
toetsins voor resressiecoeFf’icient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Rwadraatsomrtoe te schrijven
aan de resressieverselijRins
de Kwadraatsom7toe te schrijven
aan aFwijkinsen van de resressie—
verseli~kins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n >(—waarde ‘(—waarde
1 1.150 0.600

- 2 3.600 2.200
3 1.100 0.000
4 1.150 0.450
5 4.000 2.300
6 5.300 2.550
7 1.100 0.000
8 1.950 0.800
9 5.050 2.800

10 4.600 2.600
11 5.250 2.950
12 2.750 1.500
13 1.600 0.400
14 4.100 1.600
15 4.750 2.000
16 2.300 1.000
17 5.650 3.250
16 3.250 1.450
19 1.300 0.500
20 5.600 3.000
21 1.100 0.600
22 2.650 1.600
23 1.050 0.500
24 1.500 0.950
25 4.500 2.700
26 5.300 3.050
27 1.400 0.850
28 4.000 1.900
29 2.500 1.100
30 1.200 0.250
31 3.950 2.300
32 1.500 0.450
33 4.350 2.300
34 3.250 1.40’)
35 5.500 3.000

R= 0.9691E÷00
0. 2539E+00
0.9303E —01
0.2643E—Ol

t 0.3146E÷01

t 0.2255E+02

SS(v) 0.3492E-4-02

SS(res) 0.3279E+02

66(res) 0.2128E+01

S( v~

S(b )=





iTeasurernent A5 App.l o.6

YbX+a
b= 0.5510E+00

2772E+00
de correlatiecoef’Ficient
de residuele standaardaFwiJkins - -

de standaardFout in het interce~t
de standaardf’out in res.coePFicient
toetsins floor het intercePt a~
met (N—2) vriJheidssr~den
toetsins voor resressiecoef’Picient
met (N—2) vriJheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatsom,toe te schrijven
aan de resf’essieverseliJKins
de Kwadraatsom,toe te schrijven
aan aFwi~Kinsen van de resressie—
verseliJkins met (N—2) vri~h.srad.

De insevoerde Punten zijn:
n X—waarie \‘—waarde
1 2.000 0.800
2 4.100 2.100
3 4.600 2.150
4 2.350 0.800
5 4.900 2.45.0
6 0.600 0.400
7 3.400 1.750
8 1.350 0.500
9 4.700 2.250

10 4.750 2.250
11 3.000 1.500
12 4.650 2.300
13 1.750 0.500
14 3.500 1.600
15 4.200 1.900
16 1.600 0.600
17 3.100 1.450
18 1.950 0.750
19 4.500 2.200
20 1.000 0.100
21 3.200 1.500
22 1.100 0.400
23 3.900 2.000
24 3.800 1.950
25 3.250 1 S00
26 2.950 1.450
27 0.850 0.150
28 2.850 1.400
29 1.350 0.300
30 2.800 1.200

t

R 0.9864E+00
0. 1241E±00
0.5574E—Ol
0. 1735E—Ol

t= 0.4972E-t-al

t= 0.3175E-t-02

SS(v) 0.1596E+02

SS(res) 0.1553E+02

SS(res) 0.4312E+00

9( v,x) =

S(b )=t:





Ucasurenent A6 Apt. 1 n.7
—

1 uA s

b= 0.5521E+00
a=—0 . 2650E±00
de correlatiecoeFFicient
de residuele standaardaPwiJkins -

de standaardFout in het interce~t
de standaardFout in res.coef’Ficient
toetsins voor het interce~t a~
met (N—2) vriJheidssr~den
toetsins voor resressiecoeFFicient
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vriJheidssraden
de Kwadraatsom,toe te schrijven
aan de resressieverselijKins
de Kwadraatsoia7toe te schrijven
aan aFwiJKinsen van de resressie—
verselijhins met (N—2) vrijh.srad.

De insevoerde punten zijn:
n X—waarde ‘(—waarde
1 2.800 1.350
2 1.800 0.900
3 0.700 0.250
4 1.800 0.850
5 0.450 0.05~0
6 3.100 1.250
7 0.500 0.000
8 3.000 1.400
9 1.950 0.800

10 3.350 1.600
11 1.950 0.800
12 3.400 1.700
13 3.700 -- 1.900
14 3.000 1.400
15 Z.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 1.500
23 0.550 0.000
24 2.950 1.000
25 2.000 0.600
28 0.750 0.150
27 2.500 1.500
28 1.300 0.400
29 3.100 1.600
30 3.100 1.400
31 0.800 0.050

t

R= O.9670E+00
Sh’-x)= 0.1505E+00

S(a) 0.6349E—Ol
S(b)= 0.2700E—Ol

t= 0.4173E+01

t= 0.2045E-t-02

SS(y)= 0.1013E+02

SS(res)~ 0.9470E+01

SS(res)= 0.8569E-t-00





Ileasurercnt 117
App.i .3

3

b 0.5961Ei-00
37706+00

de correist iecoeFFiciont
de reE iduel c t zn’jaardaf’tji iE~ir’s -

de staniaardrout in het interce~t
de staniaardFout in rescoePPicient
toet! ina voor het int erce~t a~
met CN—2) vrijhejdEsr’aden
toetsins voor resç-essiecoeFFicient b
met (N—2) ‘jrijheidssraden
de totale ftwadrnt5os.1
t~et (11—1) ‘.‘rijheiassraden
de RnadraatEo,n:toe te !chrii”en
aan de reares! ie’.’ersel 1 jlçins
de Kuadraat 501,1; toe te cMri »‘en
aan af’ui jRinsen van de resres ie—
‘;erselijkins ‘net (tI—2) vriih.srad.

De ,nsevoerde runten :iin
n ~—rjaard e ‘(—waarie
1 1.000 0.000
2 1.700 0.650
3 2.10’) 1.200
1 0.550 0.250

- 5 3.350 1.600
6 2.~00 1.350
7 0.9’)O 0.100
8 2.100 1.000
9 1.250 0.250

10 1.000 3.250
11 1.100 2.000
12 3.900 1.950
13 0.350 0.300
14 1.350 0.600
15 1.100 1.850
16 3.800 1.850
17 1.400 0.450
13 1.050 0.300
19 1.650 2.200
20 3.700 1.650
21 4.350 2.250
22 1 .200 0.050
23 2.650 1.200
24 4.250 1.700
25 1.500 C~.050
26 6.350 3.600
27 6.800 3.700
29 1.900 0.550
29 1.000 0.150
30 5.600 2.550
31 1. 100 0.800
22 13~0 2.2C0

R= 0.97q3E~00
S(V;;ü 0.2l53Ei00

S(a) 0.82796-01
t: Sb)= 0.25176—01

t= 0.1554E’-Ol

t= 0.23696+62

S6(y)= 0.3559E~O2

SSCres)= 0.33786+02

SS(res)= 0.1306E-iOl





?Ieasiirc—ent A8 App.1 p19

a
b= 0.51306100
3 —0 .22256+00
de correlatiecoeFPicient
de res iduele tandaardaFt-ii iRins
de ztandaardFout in het interce~t
de standaardPout in res.cceFFicient
toetsins voor het interce~t a,
met (N—2) vrijheidsaraden
toetsins voor rearessiecoeFFicient b
met CN—2) uriiheidssraden
de totale huadraatsom
met (N—1) ‘‘rijheidsaraden
de Kwadraatso,~i7tcc te :chrijven
aan de resressieversel i~Rins
de Kwadraatsom,toe te schrijven
aan aPwijhinsen van de resressie—
verselijhins met (rl—2) vrijh.srad.

De insevcerde punten :ijn
n ~(—waarde ‘(—waarde
1 2.700 1.000

0.600 0.000
3 3.100 1.300
4 3.400 2.050
5 1.350 0.401)
6 4.500 1.600
7 1.800 0.400
S 1.000 0.100
9 4.350 1.800

10 4.150 1.400
11 1.350 0.600
12 1.100 0.250
13 4.650 2.150
14 2.150 0.750
15 3.150 1.450
16 1.750 0.500
17 4.150 2.200
18 2.750 1.100
19 3.200 1.700
20 1.500 0.550
21 3.350 1.400
22 1.250 0.450
23 1.050 0.300
24 3.000 1.100
25 2.950 1.800
26 1.000 0.350
27 2.800 1.150
28 3.100 1.600
29 3.150 1.550
30 0.650 0.200

R= 0.93q9E-i-00
S(v~x)~ 0.2433E*00

S(a)= 0.1022E+00
t: S(b)= 0.3680E—Di

t= 0.2178E-’-Ol

t= 0.1394E+02

SS(y)~ 0.1316E-’O

SS(res) 0.1150E+02

SS(res)~ 0.1657E+0i





Keasurcnen± 119 Ar~p.1 D.lO

“ t
b= 0.5763E-’-OO
a=—0 . 29066+00
de correlatiecoeFFicient
de res iduc le standaardaFwijKins
de standaardPout in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het interce~t a~
met (N—2) “rijheidssra~en
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Rwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom,toe te schrijven
aan de resrèssieverselijkins
de Kwadraatsom~toe te schrijven
aan aFwijkinsen “an de resressie—
verselijkins met (N—2) vrijh.srad.

De insevoerde punten zijn:
X—waarde ‘(—waarde

1 1.100 0.300
2 3.250 1.650
3 1.100 0.500
4 4.850 2.700
5 3.100 1.70Q
6 3.400 1.650
7 1.200 0.350
8 4.100 2.000
9 3.050 1.700

10 1.000 0.300
11 4.200 2.050
12 1.100 0.200
13 3.350 1.700
14 1.500 0.500
15 1.000 0.220
16 0.900 0.180
17 4.250 2.200
18 4.650 2.200
19 2.000 0.850
20 3.050 1.650
21 5.000 2.600
22 1.600 0.500
23 3.100 1.650
24 0.800 0.250
25 3.950 2.400
26 3.800 1.800
27 2.450 0.800
28 6.550 3.200
29 1.100 0.300
30 1.300 0.500

R= 0.9861E+00
S(v,x) 0.153SE+00

S(a) 0.5756E—Ol
t: S(b)= 0.1836E—Di

t= 0.5048E+0i

t= 0.3140E+02

SS(~)= 0.2401E+02

SS(res) 0.2334E+02

SS(res) 0.6630E+00





Ileasurement Bi App.1 p.ll

\‘ b ~(+a
b 0.5858E+00
a—0 . 3698E+00
de correlat iecoeFf ici ent
de residuele standaardaFwiJkins - -
de standaardFout in het interce~t
de standaardFout in res.coeFf’icient
toetsins voor het interce~t a,
met (N—2) vrijheidssraden
toetsins voor resress iecoeFFicient
met CN—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatsom,toe te schrijven
aan de resressieverselijkins
de Kwadraatsom~toe te schrijven
aan aPwijKinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 2.500 1.050

1.250 0.450
3 2.650 1.150
4 1.100 0.000
5 3.000 1.40Q
6 1.500 0.650
7 3.000 1.550
8 3.250 1.700
9 2.000 0.950

10 3.100 1.500
11 0.650 0.000
12 1.900 0.800
13 3.350 1.450
14 3.750 1.250
15 1.350 0.450
16 2.100 0.850
17 3.700 2.000
18 2.600 1.050
19 3.400 1.500
‘-In 150 1 000
‘1 “ 1~0 0 900

34~fl 1’50
23 2.950 1.450
24 3.900 1.900
25 3.100 2.000
26 1.600 0.600
27 3.500 1.250
28 4.000 1.950
29 3.800 1.350
30 2.300 0.800
31 4.900 2.700

t

R= 0.9414E-t-00
0.2130E+00
0.1 122E-t-GO
0.3895E—Ol

t= 0.3296E-t-01

t= 0.1504E+02

SS(v) 0.1157E+02

SS(res)= 0.1026E+02

S ( ‘t x) =

SCb)=

SS(res)= 0.1316E+01





Ueasurcnertt B2

~
b= 0.5460E-t-GO
a—0. 3507E+00
de correla-tiecoeFFicient
de residuele standaardaFwijKins
de standaardEaut in het intercePt
de standaardFout in res.coefffficient
toetsins voor het interce~t a~
met (N—2) vri~heidssraden
toetsins voor resress-iecoeFficient t
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatsom,toe te schrijven
aan de resressieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwi~Kinsen van de resressie—
verselijkins met (N—2) vrijh.srad.

De insevoerde Punten zijn
n X—waarde ‘(—waarde
1 1.000 0.000
2 2.350 0.700
3 2.600 0.850
4 6.100 2.950
5 4.000 1.700
8 1.800 0.600
7 1.650 0.500
8 4.450 2.200
9 0.900 0.200

10 4.400 2.200
11 4.800 2.400
12 2.050 0.950
13 4.350 2.150
14 3.850 1.600
15 1.350 0.450
16 4.750 2.300
17 2.000 0.850
18 2.000 - 0.850
19 5.600 2.600
20 5.700 2.800
21 1.300 0.450
22 2.950 1.100
23 5.200 2.600
24 2.300 0.850
25 4.850 2.450
26 1.500 0.450
27 4.650 2.050
28 3.700 1.650
29 4.950 2.200
30 1.100 0.~50

App.1 t.12

R= 0.9896E+00
S(v~x) 0.1323E+0O

S(a) 0.5475E—Ol
S(b)= 0.1501E—Ol

t= 0.6405E+01

t= 0.3638E+02

SS(v) 0.2366E-’-02

SS(res) 0.2317E+02

SSCres) 0.4904E+00





icasurement Âp~.1 —‘.13

>( +a
b 0.6121E+00
ar_0. 388 66+00
de correlat iecoef’F ic ient
de residuele standaardaFwijRins
de standaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het intercePt ai
met (N—2) vrijheidssraden
toets ins voor resress iecoeFficient
met (N—2) vrijheidssraden
de totale Rwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom7toe te schrijven
aan de resressieverselijhins
de Kwadraatsom7toe te schrijven
aan aFwijKinsen van de resressie—
verselijkins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 5.650 3.200
2 f.000 0.000
3 4.250 2.500
4 1.200 0.700
5 3.850 2.00Q
6 1.000 0.050
7 3.400 1.600
8 3.400 2.900
9 3.200 1.450

10 5.200 2.700
11~ 0.800 0.000
12 4.950 2.600
13 2.150 0.900
14 4.600 2.250
15 4.000 2.050
16 4.350 2.350
17 5.900 3.000
18 0.800 0.250
19 3.000 1.600
20 1.750 0.600
21 5.750 3.000
22 1.600 0.550
23 1.400 0.400
24 4.400 2.200
25 4.500 2.450
26 2.150 0.750
27 5.700 3.000
29 2.200 0.800
29 2.100 0.650
30 5.750 3.050

SC ‘/7X)

SCa»
S(b )=

0. 9684E+00
0. 2754E+00
0. 111 4E+00
0 .2982E—Oi

b
t= 0.3489E+01

t= 0.2053E+02

SS(y)= 0.3408E-’-02

SS(res)= 0.3195E+02

SS(res)= 0.2123E-4-01





fleasurer~ent 14 Anp.1 r.14

‘( t >( + a
b= 0.7921E-i-00
a—0.39036+00
de correlat iecoeFFicient
de residuele standaardaFwijkins
de standaardFout in het interce~t
de standaardFout in res.coeFFicient b:
toetsins “oor het interce~t ar

met (N—2) urijheidssrâden
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom7toe te schrijven
aan de rea-i-’essieverselijkins
de Rwadraatsom,toe te schrijven
aan aFwijKingen ~ de resressie—
vergelijKing met (N—2) vrijh.srad.

De insevoerde punten zijn:
n X—waarde ‘(—waarde
1 2.800 1.550
2 4.650 3.550
3 3.100 2.150
4 2.350 1.900
5 4.800 3.250
6 3.650 2.650
7 5.100 3.500
8 3.100 2.200
9 4.150 2.900

10 6.950 5.000
11 6.100 4.100
12 3.450 2.400
13 2.100 1.100
14 3.950 3.000
15 4.550 3.200
16 2.550 1.350
17 3.850 2.700
18 4.050 2.800
19 4.000 2.350
20 2.400 1.200
21 5.300 3.850
22 2.500 1.750
23 1.100 0.200
24 0.450 0.100
25 4.100 3.250
26 2.700 1.950
27 1.850 0.800
28 4.600 3.60’)
29 3.600 2.350
30 4.300 3.100

R= 0.9801E+00
0.2304E + 00
0.1 1696+00
0.30316—01

t= 0.3339E-~--01

t= 0.2613E+02

SS(v) 0.3774E+02

SS(res) 0.3626E+02

SS(res)= 0.1466E-t-Ol

S(yrx)=

S(b )=





lÇeasurenent - B5 App.1 p.15

“ t
b= O.7545E÷OO
a-0. 4328E+00
de corre lat iecoePFic ient
de re s i duel e s tandaardaFwi jK i ns
de standaardFout in het intercePt
de standaardFout in res.coeFFicient
toetsins voor het interce~t a7
mat (N—2) vrijheidssraden
toetsins voor resressiecoeFFicient t
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom7toe te schrijven
aan de res-nessieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwijKinsen van de resressie—
verselijkins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n >(—waarde ‘(—waarde
1 5.400 4.000
2 5.150 3.200
3 4.350 2.850
4 1.350 0.550
5 1.000 0.850
6 1.100 0.700
7 4.000 2.750
8 4.200 3.000
9 4.400 2.800

10 3.400 1.650
11 3.650 1.800
12 4.100 2.000
13 4.750 3.250
14 6.000 4.350
15 0.750 0.000
16 4.500 2.250
17 4.000 2.750
18 3.950 2.600
19 3.000 2.200
20 0.700 0.000
21 4.000 2.950

13~fl 04~0
23 4.350 3.150
24 1.350 0.600
25 1.750 0.850
26 2.500 1.750
27 5.300 3.750
28 2.050 1.200
29 3.600 2.300
30 2.000 1.150
31 6.250 4.300
32 3.100 1.350

0.9694E-’-OO
0. 31105+00
0. 1 2935+00
0. 34895—01

t= 0.3345E+01

t= 0.2162E-’-02

SS(v)= 0.4814E+02

8S(res) 0.4524E+02

SS(res) 0.2902E+01

SCy7x)

S(b )‘=t:





Measurcr’~nt B6 App.i

= bX + a

b~ 0.695554-00
a—0.5164E+00
decorrelatiecoeFf’icient
de residuele standaardaFwijKins
de standaardFout in het intercePt
de standaardFout in res.coeFFicient
toetsins veer het intercePt a7
met (N—2) vrijheidssradan
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatsom,tae te schrijven
aan de resressieverselzjRins
de fçwadraatsom7toe te schrijven
aan aFwijKinsen van de resressie—
verse1i~Rins met CN—2) vrijh.srad.

De insevoerde punten zijn:
n X—waarde ‘(—waarde
1 0.700 0.300
2 4.600 2.500
3 3.600 1.450
4 1.100 0.450
5 2.250 1.050
6 0.950 0.730
7 2.500 1.100
8 1.050 0.050
9 4.600 2.200

10 2.150 0.700.
11 3.500 1.400
12 4.000 1.850
13 2.800 1.050
14 3.800 1.650
15 3.350 1.450
16 0.550 0.000
17 2.050 0.650
18 1 ~no 0 ~no
19 2.200 1.000
20 3.750 2.700
21 3.250 2.050
22 1.100 0.000
23 1.050 0.000
24 3.200 1.500
25 5.100 3.700

3 7~fl 6~0
27 2.150 1.050
28 3.100 2.350
29 4.050 3.100
30 4.750 2.800

R= 0.9183E÷00
SCv7x)= 0.4113E-&00

S(a)= 0.1725E4-00
b: S(b)= 0.5666E—Ol

t= 0.2994E+01

t= 0 1”7E+0’

SS(v)= 0.3022E+02

SS(resY= 0.25485+02

SSCres)= 0.4738Ei-0l





r:easurc~ent B7 A~p.i

‘(b >(+a

b 0.7”41E-~-~fl
a—Q.4~41E+~~)
de correlat iecoeFFicient
de r es i d u e 1 e standaardaFw i jK in s
de ~tandaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het intercePt ar
met (N—2) vrijheidssraden
toets ins voor resress i ecoeFFi ci ent
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (NJ—1) vrijheidsaraden
de Kwadraatsorfl,toe te schrijven
aan de resr-essieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwijKinsen van de resressie—
verselijKins met CN—2) vrijh.srad.

De insevoerde Punten zijn:
n )-(—waarde ‘(—waarde
1 1.750 0.600
2 0.800 0.000
3 1.600 0.550
4 1.250 0.000
5 3.800 1.250
6 2.100 0.500
7 0.850 0.550
8 2.600 1.050
9 1.900 0.600

10 1.750 1.050
11 2.900 1.050
12 1.150 0.100
13 2.250 1.950
14 1.600 0.550
15 2.400 0.700
16 1.150 0.350
17 2.600 1.800
18 0.850 0.450
19 4.100 3.550
20 2.000 t.600
21 1.600 0.300
22 1.650 1.350
23 2.100 0.800
24 1.800 1.300
25 2.350 1.350
26 1.550 0.350
27 2.650 0.550
28 2.100 1.400
29 1.100 0.100
30 2.400 1.700
31 0.900 0.000
~~~1 •~I ~ 4

b

0.7621E+00
0. 49765+00
0 . 2357E+00
0. 1123E+00

t= 0.2096E-’-Ol

t= 0.6447E+01

SS(v)= 0.1772E+02

SS(res)= 0.1029E+02

SS(res)= 0.7430E+O1

S( Y~X)

S(b )=





P8Le~surenent

‘u’= b >( +a

b= 0.77655+00
a=—0 . 4844E-t-00
de corre lat i ecoeFFici ent
de residuele standaardaFwi~Kins
de standaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het interce~t a7
met CN—2) vrijheidssraden
toets ins voor resress i ecoeFfici ent
met (N—2) vri~heidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatsom~toe te schrijven
aan de resressieverselijKins
de Kwadraatsom7toe te schrijven
aan aFwijKinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde ~unten zijn:
n X—waarde ‘(—waarde
1 0.600 0.000
2 4.400 3.000
3 1.550 0.900
4 4.750 3.400
5 5.200 3.400
6 1.650 0.800
7 8.300 4.050
8 2.~00 1.200
9 3.750 2.500

10 1.700 0.900
11 3.500 2.000
12 5.400 3.900
13 5.250 3.850
14 1.600 0.800
15 1.750 0.900
18 4.100 2.800
17 2.550 1.500
18 2.050 1.000
19 3.550 2.350
20 4.000 2.600
21 5.000 2.950
22 1.600 1.000
23 2.500 1.150
24 6.050 4.200
25 6.550 4.550
26 1.700 0.700
27 3.650 2.750
28 2.550 1.500
29 5.300 4.200
30 2 . 600 1 .700
31 0.950 0.200

b

R= 0.9875E+00
S(v,x) 0.2144E+00

S(a) 0.88515—01
S(b)= 0.22985—01

t= 0.5368E+01

t= 0.3379E-t-0~

SS(y) 0.5384E+02

SS(res) 0.5251E+02

SS(res) 0.1333E+01
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‘i’ b >(+a
b= 0.77986+00
a=—0.3844 6+00
de corre lat £ ecoeFFicient
de residuele standaardaFwijkins -

de standaardFcut in het intercePt
de standaardFout in res.coeFFicient
toetsins voor het interce~t a7
met (N—2) vrijheidssra,~en
toets ins voor resress i ecoeFF ic lent
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Rwadraatsomrtoe te schrijven
aan de resr-essie”erselijkins
de Kwadraatsom,toe te schrijven
aan aFwijKingen van de resressie—
vergelijKing met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 1.050 0.500
2 2.900 2.000
3 3.600 2.650
4 3.750 2.900
5 1.550 0.800
6 1.350 0.706
7 1.800 0.650
8 1.500 0.600
9 3.250 2.100

10 1.000 0.450
11 2.400 1.650
12 2.400 1.750
13 0.650 0.000
14 3.500 2.900
15 0.700 0.150
16 3.400 1.900
17 0.850 0.400
18 4.100 2.850
19 1.250 0.600
20 4.350 2.800
21 0.900 0.000
22 4,600 3.200
23 5.500 2.950
24 1.600 0.600
25 4.000 3.100
26 1.000 0.500
27 5.750 4.250
28 1.050 0.400
29 4.000 2.900
30 3.300 2.300

b

0. 97316+00
0. 2854E+00
0. 10366+00
0.34866—01

t= 0.37116+01

t 0.2237E+02

SS(v) 0.43036+02

S9(res)~ 0.40756+02

SS(res) 0.2280E+01

S( vx)

6(b) =





I:eastu-’enant Bio App.i :3.20

‘1= b >~+ ~t

b= 0.4498E-’-OO
a—O. 16855+00
de o o rre lat ie ceeFf’ i ci ent

de resicuele standaardaFwidlzins
de standaardFout in het interce~t
de standaardFout in res.coeFficient
toetsins voor het intercePt a~
met (N—2) urijheidssraden
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vs’ijheidssraden
de Kwadraatsom7toe te schrijven
aan de resressieverselijkins
de Kwadraatsom,toe te schrijven
aan aFwijKinsen van de resressie—
verselijkins met (N—2) vrijh.srad.

De insevoerde runten zijn:
n X—waarde ‘(—waarde
1 1.000 0.050
2 3.000 1.250
3 4.250 1.600
4 2.400 0.800
5 1.800 0.850
6 4.400 1.750
7 2.750 1.150
8 1.500 0.450
9 4.350 1.750

10 3.100 1.050
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 0.550
17 2.450 0.900
18 5.400 2.000
19 3.150 1.050
20 2.100 0.800
21 6.300 2.400
22 0.900 0.200
23 5.300 2.350
24 2.000 0.700
25 1.300 0.600
26 2.950 1.350
27 2.500 0.800
28 1.250 0.350
29 2.300 1.250

R 0.9582E+0O
0.19635+00
0.8239E—Ol
0.25855—01

t= 0.2045E+01

t= 0.1740E+02

SS(v) 0.1271E+02

SS(res) 0.1167E+02

SS(res) 0.10405+01

8(1,~? X)

SCb)=





Yeasurenan-b Bil Âp~.i p.21

= b ) ( + a

b 0.4494E-t-GO
a = —0.21605 +00
de correlatiecoeFFi cient
de residuele standaardaFwijKins
de standaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsing voor het intercePt a~
met (N—2) vriaheidssr~den
toetsins voor resressiecoeFFicient
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom,toe te schrijven
aan de resrèssieverselijkins
de Kwadraa-tsom7tce te schrijven
aan aFwi~kinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 5.950 2.350
2 2.500 0.700
3 5.950 2.050
4 4.200 1.500
5 4.000 1.600
6 2.700 1.000
7 0.750 0.000
8 3.000 1.200
9 3.300 1.250

10 3.100 1.300
11 1.500 0.500
12 1.850 0.700
13 1.700 0.600
14 0.600 0.000
15 2.350 1.000
16 4.850 2.000
17 1.850 0.400
18 3.050 1.050
19 4.500 1.900
20 4.700 2.050
21 4.250 1.800
22 1.400 0.150
23 3.850 1.550
24 4.000 1.600
25 0.900 0.000
26 4.250 1.750
27 3.500 1.650
28 2.100 0.650
29 3.500 1.550
30 3.100 1.150
31 1.050 1.000

b

R= 0.97005+00
0.16445+00
0.7060E—Ol
0.2093E—Ol

t= 0.3059E+01

t= 0.2148E+02

SS(v) 0.1324E+02

SSCres) 0.12485+02

SS(res) 0.7835E+00

S( ~,x)

S(b )=





:-:eazurencnt 312 Anp.i i-~22

‘( b )-( + ~

b 0.47195+00
a—0.3843E+00
de corre lat i. ecoeFFici ent
de re-ziduele standaardaFwijKins
de standaardFout in het intercePt
de standaardFout in res.coeFFicient
toetsins voor het intercept a~
met (N—2) vrijheidssraden
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom7toe te scnrijven
aan de resr-essieverselijKins
de Kwadraatsom~toe te schrijven
aan aFwijKinsen van de resressie—
verse1i~Kins met (N—2) vrijh.srad.

De insetioerde Punten zijn~
n X—waarze ‘(—waarde
1 4.200 1.800
2 5.050 1.700
3 5.000 1.700
4 2.050 0.500
5 4.400 2.000
6 1.000 0.00Ö
7 2.250 0.750
8 6.100 2.750
9 2.650 lr000

10 4.000 1.650
11 2.500 0.900
12 2.600 1.000
13 1.650 0.300
14 2.850 1.000
15 3.500 1.600
18 1.750 1.100
17 3.750 2.600
18 2.000 0.650
19 1.750 0.400
20 3.500 1.250
21 1.400 0.350
22 2.800 0.600
23 1.750 0.000
24 4.800 1.250
25 3.500 1.000
26 3.300 1.000
27 3.000 1.000
28 2.050 0.400
29 2.800 0.600
30 2.750 0.700
31 4.050 1.250

0. 85825+00
0.35165+00
0. 17225+00
0. 52425—01

t= 0.2232E+01

t= 0.9003E-’-Ol

SS(-t)= 0.1361E+02

9(b )=

SS(res)t 0.1002E+02

SS(res)= 0.3585E+01





J:ea~urcrent - - Cl App.1 p°23

b= 0.32146÷00

a—0 .48896+00
de c o rre lat ie c o eFF i ci en t
de residuele standaardaFwijKins
de standaardFout in het intercePt
de standaardFout in reg.coef’Picient
toetsins voor het interce~t ar

met (N—2) vri~heidssraden
toetsins voor resressiecoeFFicient
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsorn,toe te schrijven
aan de resressieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwi~Kinsen van de resressie—
vergelijKing met (N—2) vrijh.srad.

De ingevoerde Punten zijn:
n X—waarde ‘(—waarde
1 2.850 0.300
2 4.650 1.100
3 4.050 0.950
4 4.050 0.800
5 2.850 0.400
6 2.500 0.256
7 4.050 0.900
8 3.250 0.800
9 1.600 0.000

10 2.600 0.400
11 3.000 0.450
12 3.100 0.550
13 3.750 0.800
14 2.600 0.300
15 2.950 0.450
18 1.600 0.000
17 3.200 0.600
18 5.000 1.150
19 4.150 0.950
20 3.900 0.800

3 750 0 800
22 5.000 1.200
23 5.900 1.350
24 3.000 0.250
25 5.200 1.000
26 4.100 0.550
27 3.650 0.750
28 1.300 0.000
29 3.600 0.700
30 3.100 0.600

S(v,x)

S(b :~=

0. 96 18E+00
0. 99656—0 1
0.6277E—Ol
0. 1728E—Ol

b
t= 0.7790E+01

t= 0.1BGOE÷02

SS(v) 0.3713E+01

SS(res) 0.3435E+01

SS(res)= 0.2781E+00





Iieasurernent C2 App.l p.
2z1

‘(= b )(+~
b= 0.24866+00
a—0.4457E+00
de c o rr e lat i e cc eFF i c i en t

de res i duele standaardaFwi jKins
de standaardPout ~n het intercePt
de standaardFcut in res.coeFFicient
toetsins voor het £ntercept a~
met (N—2) vri~heiossraden
toets ina voor resressiecoeFFicient
met (N—2) vrijheidssraden
de totale Kwadraatsorn
met (N—1) vrijheidssraden
de Kwadraatsomrtoe te schrijven
aan de resr-essieverselijKina
de Kwadraatsom,toe te schrijven
aan aFwiJKinsen van de resressie—
vergelijking met (N—2) vrijh.srad.

De insevoerde punten zijn:
n X—waarde ‘(—waarde
1 3.100 0.200

- 2 2.950 0.050
3 2.750 0.100
4 1.900 0.000
5 2.150 0.000
6 2.950 0.450
7 1.950 0.200
8 2.900 0.400
9 3.750 0.600

10 2.500 0.200
11 4.000 0.700
12 2.100 0.000
13 4.300 0.800
14 1.600 0.000
15 4.500 1.000
16 2.150 0.200
17 5.450 1.100
18 3.500 0.500
19 5.250 1.050
20 3.850 0.800
21 4.100 0.7~0
22 5.600 1.000
23 5.700 0.700
24 4.750 0.500
25 2.400 0.000
26 3.650 0.450
27 3.150 0.350
28 4.000 0.250
29 4.700 0.400
30 4.000 0.300
31 2.200 0.100

R 0.8611E+00
0.17836+00
0.9981)6— 1)1
0.27266—01

t 0.4465E+01

t 0.9122E+01

S ( y x) =
SCa)

b

SS(v) 0.34886+01

SS(reg). 0.2586E+01

SS(res) 0.9013E+00





i-:easurernen-t C3

‘(= b >(+ a

b= 0.413GE+00
a—0. 6504E+00
de correlatiecoeFFicient
de res i duel e standaardaFwijK ins
de st.anijaardf’out in het intercePt
de standaaraFout in res.coeFficient
toetsins voor het interce~t a7
met (N—2) vrijheidssraden
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met CN—1) vrijhe~dssraden
de Kwadraatsom7toe te schrijven
aan de resressieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwijkirisen van de resressie—
verse1i~Rins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 3.350 0.700
2 3.100 0.600
3 4.500 1.300
4 4.750 1.300
5 1.850 0.009
6 3.700 0.800
7 1.600 0.000
8 4.600 1.200

4.700 1.400
10 4.250 1.150
11 1.850 0.100
12 5.900 1.850
13 4.150 0.950
14 2.600 0.150
15 5.500 1.500
16 5.000 1.200
17 5.000 1.400
18 4.650 1.200
19 3.250 0.850
20 4.550 1.250
21 5.300 1.500
22 4.150 1.250
23 1.600 0.050
24 4.150 1.100
25 5.500 1.850
28 2.000 0.100
27 4.500 1.300
28 5.100 1.800
29 1.450 0.150
30 5.000 1.450

R= 0.9~19E÷00
SCy,x) 0.1092E+00

S(a) 0.62225—01
S(b)= 0.15065—01

t= 0.10455+02

t= 0.27465+02

SS(y) 0.93275+01

SS(res) 0.8994E+01

SS(res) 0.3339E-t-00
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i.easuretient Dl App.l p.26

‘( b X-’-a
b= 0.4800E+00
at—0 . 49356+00
de cc rre lat i e cce FF i c ie n t

de residuele standaardaFwijkins -

de standaardFcut in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het intercept ar
met (N—2) vrijheidssraden
toets ins voor resressiecceffFicient
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~heidssraden
de Kwadraatscm,toe te schrijven
aan de resressieverseli~Kins
de Kwadraatsom~tce te schrijven
aan aFwi~Kinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde punten :ijn
n X—waarde ‘(—waarde
1 3.000 1.100
2 4.800 1.850
3 3.600 1.200
4 1.050 0.000
5 2.000 0.500
6 1.700 0.356
7 5.450 2.300
8 3.750 1.300
9 2.650 0.850

10 4.150 1.600
11 1.400 0.050
12 6.600 2.700
13 4.700 1.650
14 3.100 1.000
15 1.750 0.450
16 1.250 0.000
17 4.400 1.500
18 3.100 0.850
19 2.000 0.350
20 1.100 0.000
21 2.150 0.700
22 3.400 1.250
23 1.200 0.000
24 5.100 1.850
25 1.500 0.300
26 2.850 1.000
27 5.500 2.000
28 2.000 0.450
29 4.000 1.400
30 2.500 0.700
31 4.500 1.650

S(v
7x)

S(b)=

0.99146+00
0.9774E —01
0.40546—01
0. 1177E—Ol

b
t= 0.1217E-4-02

t= 0.4078E+02

SS(v)= 0.1616E+02

SS(res)= 0.1588E+02

SS(res) 0.27706+00



7.



i~easurenent D2 App.i p.27

‘/= b )(+~
b= 0.68355+00
a—0.48535+00
de correlatiecoeFFicient
de residueje standaardaFwijKins - -

de standaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsins voor het interce~t a,
met (N—2) vrijheidssraden
toetsins voor resressiecoeFFicient b
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vri~neidssraden
de Kwadraatsom

7toe te schrijven
aan de resressieverseli~Kins
de Kwadraatsom,toe te schrijven
aan aFwi~Rinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 4.050 2.300
2 3.350 1.850
3 0.750 0.000
4 0.800 0.250
5 5.750 3.450
6 1.350 0.250
7 3.000 1.700
8 1.000 0.350
9 2.100 1.000

10 3.650 2.200
11 5.250 3.200
12 4.150 2.500
13 4.650 2.650
14 0.600 0.050
15 1.250 0.200
16 5.750 3.450
17 4.950 2.700
18 1.350 0.450
19 2.150 1.000
20 5.450 3.250
21 4.850 2.900
22 1.850 0.650
23 6.100 3.650
24 2.100 0.800
25 6.350 3.800
26 4.100 2.150
27 1.800 0.750
28 1.050 0.350
29 1.250 0.300
30 4.750 2.800
31 1.000 0.000

R= 0.99605+00
S(v7x)= 0.11845+00

S(a)= 0.4139E—Ol
S(b)= 0.11405—01

t= 0.1172E+02

t= 0.5996E+02

SS(v) 0.5084E+02

SS(res)= 0.5043E+02

SS(res) 0.40685+00

t





—

Eeasurenent D3

‘(bX+a
b: 0.48446+00
a~—0.38856+00
de correlatieccefFicient
de residuele standaardaFwijKins
de standaardFout in het interce~t
de standaardFout in res.coeFFicient
toetsing voor het intercePt a~
met (N—2) vrijheidssraden
toetsing voor resressiecoeFficient b
met (N—2) vri~heidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom,toe te schrijven
aan de resressieverselijKins
de Kwadraatsom,toe te schrijven
aan aFwijkinsen van de resressie—
verseli~Kins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n X—waarde ‘(—waarde
1 4.200 1.650
2 1.300 0.000
3 3.800 1.450
4 4.950 1.950
5 2.900 0.950
6 4.000 1.550
7 1.500 0.100
8 5.000 2.000
9 1.100 0.100

10 3.250 1.150
11 1.850 0.500
12 3.150 0.900
13 0.800 0.000
14 1.250 0.050
15 4.200 1.950
16 1.000 0.100
17 3.250 1.250
18 1.100 0.200
19 0.900 0.000
20 2.350 0.800
21 5.000 2.150
22 6.100 2.400
23 1.500 0.550
24 4.700 1.900
25 5.950 2.550
26 1.350 0.400
27 3.600 1.200
28 1.600 0.400
29 2.300 0.650
30 3.250 1.400
31 1.150 0.300
22 1 .800 0.450

App.i p.2-S

S(a)=
S(b )=

0.98836 + 00
0.12316+00
0.44086—01
0. 13686—01

t= 0.88176±01

t= 0.35426+02

SSN’)= 0.19466+02

SS(res) 0.19016+02

SS(res) 0.45456+00





1;eas’~-enent D4 App.i p.29

‘( b X+ a
b= 0.65635+00
a—0 - 50755+00
de correlatiecoeFFicient
de residuele standaardaPwijKins -

de standaardFout in het intercePt
de standaardPout in res.coeFFicient
toetsins voor het intercePt a~
met (N—2) vrijheidssraden
toetsins voor resress iecoefFic i ent
met (N—2) vrijneidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraat-som,toe te schrijven
aan de resr-essieverselijKins
de }Zwadraatsom1toe te schrijven
aan aFwijKinsen van de resressie—
verselijKins met (N—2) vrijh.srad.

De insevoerde Punten zijn
n X—waarde ‘(—waarde
1 1.950 0.750
2 4.750 2.750
3 1.100 0.300
4 4.600 2.400
5 2.100 0.800
6 4.700 2.800
7 1.600 0.500
8 2.250 0.850
9 2.400 1.000

10 2.100 0.750
11 5.500 3.350
12 3.250 1.400
13 1.500 0.350
14 2.600 1.150
15 5.250 3.100
16 2.000 0.950
17 1.500 0.600
18 4.650 2.800
19 3.850 1.800
20 3.000 1.350
21 2.500 1.150
22 1.450 0.350
23 5.100 2.900
24 3.000 0.800
25 1.850 0.700
26 6.600 4.200
27 5.950 3.550
28 2.350 1.150
29 6.500 3.100
30 2.100 1.400
31 6.100 3.250
32 445fl 2.600

b

R= 0.97675+00
S(~1x) 0.2482E+00

S(a)t 0.9951E—Ol
8(b)= 0.26345—01

t 0.5100E+01

t= 0.2493E-’-O

SS(v)= 0.4012E+02

SS(res)= 0.3828E+02

SS(res» 0.1848E+01





Licasurornent 1)5 App.1 n.30

‘(=b ~(+~

b= 0.4291E-t-GO
a—0.4957E-t-00
de corre latiecoeFF ici ent
de res i duc ie s tandaardaFwi j~ ina
de standaardFou-t in het intercePt
de standaardFout. in res.coeFFicient
toetsins voor het intercePt a~
met (N—2) vrijhei’3ssraujen
toetsins voor resressiecoeFFicient
met (N—2) vrijheidssraden
de totale Kwadraatsom
met (N—1) vrijheidssraden
de Kwadraatsom7toe te schrijven
aan de resressieverselijKins
de Rwadraatsom7toe te schrijven
aan aFwi~Kinsen van de resressie—
verse1i~Kins met (N—2) vrijh.srad.

De insevoerde Punten zijn:
n >(—waarde ‘(—waarde
1 2.500 0.850

- 2 2.450 0.850
3 1.900 0.250
4 1.300 0.000
5 2.600 0.700
6 1.050 0.000
7 1.600 0.150
8 2.150 0.550
9 2.150 0.450

10 1.150 0.000
11 2.750 0.900
12 2.250 0.500
13 2.350 0.800
14 2.050 0.250
15 2.750 0.600
16 3.750 1.050
17 2.350 0.800
18 2.450 0.650
19 2.750 0.550
20 0.850 0.000
21 1.350 0.000
22 3.250 0.700
23 3.600 0.850
24 1.350 0.000
25 3.750 1.250
28 5.000 1.750
27 3.600 1.000
28 2.400 0.600
29 1.500 0.000
30 3.000 0.850

b

0. 96145+00
0. 11825+00
0. 59875—01
0.23205—01

t= 0.83085+01

t= 0.1850E+02

6SC~)= 0.5172E-t-DI

SS(res) 0.4780E+01

S(v~ x)

S(b )=

S6(res) 0.3912E+00
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APPENDIX 3

Date Measurements :

B8 D4

App.3
p.1

The weather conditions are constant during all days.

Clouds covering inost of the sky, reasonable wind, no ram (during

the measurements)and a temperatureof 25 C°±2.

The measurernentstook place during day—time, starting from 9.30 bi.

Day—programineand weather conditions

The measu.rementstook place en the following days.

Tuesday

Wednesday

Thursday

Friday

3 Aug.

4 Aug.

5 Aug.

6 Aug.

1982

1982

1982

1982

Al

A6

Bi

B6

A2

A7

B2

B5

A3

A8

Dl

D2

A4 A5

A9

B3

B4

Monday

Tuesday

Wednesday

9 Aug.

10 Aug.

11 Aug.

1982

1982

1982

D3

B7

D5

C2

B9

B12

Ci

BiO

C3

Bil





APPEUDIX 4 app.4

p.l

List of ecuipment

1. Fortable AnemograDh; Vector Instruments type R500

Description: A fully portable equipment

for indicating and recording triM speed

and direction. Inciuded are a Porton

Anemometer, Porton tîindvane, mountinc

arm witli taper fittings, and a meter

dis~lay and recording ecuipment built

into a carrying case.

Wind speed and direction are displayed

on two panel meters and the sarne values

are also recorded on the two channels

of a miniature strip chart recorder.

Three ~ray filter switches are trovided

for 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 recording session.

The eauipnent is pouered by a mains

re—chargeable battery su’~nly.

Accuracy: Speed: +2~%(±0.25m/s beloti 10 mIs)

Directi en

Filter averaging times: ?o~ition 10: 10 sec. ±20%

Chart speed: 3.0 inches/hour ±2%

Range of measurement: Speed: Range 1: 0—lom/s in 0.2m/s divisions.
0

- Direction: 600 ~cale in 10 davisions.

2. Ficronanometer; Fnrness Controls Ltd FPFA — ?C060

Components: i:easuring head —pitot—tube

l:icrcnan~e-tcr —sensitive nressure measuring unit uith

tot~l ~ of 1C,COC : 1 to an accuracy of 1~in any ran~e.
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-- - ..,;~‘e~J1 ~ ,c-cfltf~r~

r -- — -—
~

/f \t

/-~ \\
- -~

-
-7

.i~’v •-‘~~-

-~

~
•\~Ç ~

- -- -- —La~ :-
- ~ - _~_:;s~-

a?. ç�-.~-~ ~ r ‘~a— s



S



app. 4
p. 2

~1

Flow £~anges: iC0% Flow = 9 m/s = 5 r~mH20

10% Flow = 0.9 m/s 0.05 mm H20

The fas-b—slotT meter s~:itch ~ves a time cons-tant for tur1~u1en-t

f1o~ (s1o’~i position gives 5 seconds)

The ecuipmen-t is powered by a mains re—chargeable bat-tery si~pply.

=°:3~:

IN OUT

0
METER
FA ST

SLOW

/

ZERO OFFSET

PRESET ZERO RECORDER-,

BATTERY LOW

/

100%
PÉ~URt ~LOW

10%30%

100%

SATTERY 0FF

0FF

ON®

MAINS

MICROMANOMITEII I~fF.A.— ICOSÜ
0

FURNESSCONTROISLTD.
~EXHILt Ø ENGLAND

3. Recorder; Rus±ra~200, Gulton

The recorder is connected. to the micro~nometer. Calibration

facility allo~:s recorder indica-tion to be set to referenee value.

Chart speed: 6.0 inches/hour.

L~.¼200
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1)egrees
ol — - -— —

1-reedotti 0 500 0 400 0200 0 100 0050

Piohability of a Larger Value, Sign Igutired

1 1000 1376
2 0816 1061
3 765 0978
4 741 941

727 920

0025 0010 0005 000!

3078 6314 :12706 25452 63057
1886 2920 p 4303 6205 j 992S 14089 31598

1 038 2351 3182 4176 5841 7453 12941
1 (33 2132 2776 3495 4604 5598 8610

476 2015 257! 3163 4032 4773 6859

6 718 906 1140 1943 2447 2969; 3707 4317 5959
7 711 896 1415 1895 2365 284! 3499 4029 5405
8 706 ~S89 397 1860 2306 2752! 1355 3832 504!9 703 883 1383, 1833 2262 2685 3250 3690 478!

20 701) $79 t 372 j 1 812 2228 2634 3 169 358! 4587

II 697 $76 1363 t 796 2 20! 2 593 1106 3 497 4 437
12 695 873 1156: 1782 2179 2560 3055 : 3428 4318
13 694 : 870 1 350 t 77! 2 160 2533 3012 3372 42:1
14 692 868 1345 1 76! 2145 2510 2977 3326 4 140
5 691 866 1341 1753 :131 ! 2490 2947 ! 3286 4073

16 690 865 1337 746 ! 2120 2473 ! 2921 3252 4015
17 689 863 1333 740 2110 2458 ! 2898 3222 ! 3965
IS 688 862 1330 1734 210! 2.445 2878 3197 3922
19 688 86! 1328 1 729 :093 ! 2433 ! 286! 3 174 3883
20 687 860 1325 1725 2086 2423 2845 3153 3850

2! 681i $59 1323 1721 2080 2414 2831 3135 3819
22 686 i 858 1 32! 1 1 717 1 2074 2406 2819 3119 3792
23 685 858 1 319 t 714 2069 2 398 2807 3 04 1 3 767
24 685 : 857 1318 1 1711 2064 239! 2797 ‘ 3090 3745
25 684 856 1316 1108 2060 12385 2787 3078 3725!

26 684 856 i t 315 t t 706 2056 2379 2779 , 3067 3 707
27 684 ! 855 1 314 1 1 703 2052 2373 2771 1 3056 3690
28 683 ! 555 1313 1701 2048 ! 2368 2763 3047 ‘ 3674
29 683 851 :1311 t 699 ‘ 2 045 2 364 2756 3038 3659
30 ‘681 854 13101 697 ! 2042 23601 2750: S030 3646

‘)S 62 852 306 16)0 2030 2142 2724 2996 159!
40 1 85! 131Fl 1684 202! 2329 2704 297! 1)5!
45 661) 850 t 30! 680 2014 1 2 319 2 690 2 952 ‘ 3 520

680 849 1 299 t 616 2)108 2 310 2 67$ 2 937 3 496
55 679 $49 1297 1673 2004 23)14 2669 2925 1476

60 679 84$ 1296 167! 2000 , 2299 2660 2915 3460
70 67$ 847 1294 1667 1994 1 2290 2648 2899 3435
80 678 $47 1293 1665 1989 2284 2638 2887 3416
90 678 846 1291 ‘ t 662 t 986 2 27~ 2 631 2 878 3 402

100 ti77 846 1 2°0 1 66! 1 982 2 276 2 (‘25 2 871 3390

120 1i77 845 1289 t 058 t 98’) ‘ 2270 2 617 2860 1373
6’45 8416 t 2816 t 6448 1 9600 22414 2 5756 2 $070 32905

Paris ii’ t los tihic at c repnuted hv pet nission trom R \ Eishers S;zr,stu 01 )!)ho,jç
‘or Rtteo~i/i Ii oih.ri puhirhed b) Oliser and 30)4 Edinhurgh (1925 950) ron 8li ~ine
$lLrrtltgtolt\ - t ,ihft ol t’LlcLntage l’oittts oC the r—Dt,trtbunon Ujoinetrikt, 12 110 (1942)
and trom tlerisird (Is) le $I,ttiçfic t zit Rgsezrz Ir lowa State LInnersity Press (1954)
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