
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


TrUr 

0S619 
United Nations Industrial Development Organization 

MD: 
Distr. 
LIMITED 

ID/WG.1*1/7 
19 August 1974 

ORIGINAL: ENGLISH 

Expert Group Meeting on Building and 
Facilities, Design and Lay-out for Industrial 
Research and Development Centres 

Innsbruck, 23 - 27 September 1974 

HEATING, AIR-CONDITIONING AND VENTILATION; 

FACILITIES: AND LIGHTING ¿/ 

S. Barthelmess* 
B. Dittert** 

* Group Manager for HVAC, Sanitary and Sprinkler Studies, Battelle-Institut e.V., 
Frankfurt/Main, Fed. Rep. Germany. 

** Group Manager for Building Design Studies, Battelle-Institut e.V., Frankfurt/ 
Main, Fed. Rep. Germany. 

1/ The views and opinions expressed in this paper are those of the authors and do 
not necessarily reflect the views of the secretariat of UNIDO. This document 
has been reproduced without formal editing. 

id.74-5340 



1 

We ragrat that IOM of tha pagas in tha ni ero fi cha 
copy of this raport may not ba up to tha proper 
legibility standards, avan though tha bast possibla 
copy vas usad for preparing tha master ficha. 

'S JWmF: iük^k ^mat\ i 





CONTENTS 

Chapter 

I.   Heating, Air-conditioning, Ventilation 

A. Heating 
B. Air-conditioning  Installation« 

C. Ventilation 

1 
1 

3 

II.       Facilities 

A. Water 

B. Power Supply 

C. Gas Supply 

D. Comamnicationa 

E. Safety 

k 
6 

7 
7 
8 

III.       Lighting 
A. Day-Light 
B. Artificial Light 

R 

8 

9 



Consecutive   List   of  Figures   and   Tables 

Page 

13 

14 

15 

16 

IT 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Figure 

I 

II 

III 

IV 

V 

VI 

Table 

Table 

demonstration       distribution 

Frontview  of  Research  Centre 

Rear  View 

Plan  View 

Ground   Floor 

First  Floor 

Second Floor 

1 Maximum  and Minimum Temp. 

2 A-t «--Conditioning  

x 

X 

X 

X 

X 

X 

Table 

VII 

VIII 

IX 

X 

Table 

3  Advantages  and  Disadvantages 

XI 

XII 

XIII 

XIV 

XV 

Single   A-C  Plant  

A-C   on   the   Roof 

A-C of the Laboratories 

Heat Exchangers 

4 Basic Technical Data, 

Supply-Air Device 

Chemical Store 

Fume Hood 
Exhaust-Air Device 

Sniffle Duct 

x 

x 

x 

x 

JL 
x 

X 

X 

X 

X 

Table 5 Water Examination Result» 

XVI Laboratory Area 

XVII Laboratory Area 

XVIII Water Supply, Toilet» 

XIX Transformer Station 

Table 6 Power Distribution 

XX Emplacement» of Hydrant» 

TaKle 7 Solar Radiation 

XXI 

XXII 

XXIII 

XXIV 

Shaded Time North 

Shaded Time South 

Shaded Time East 

Shaded Time West 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



- 1 - 

Building and  Facilities,   Design  and Lay-out  for 

Indu« trial  Rasa arch and  Devel opinant Centres 

I.        HEATING,   AIR-CONDITIONING,   VENTILATION 

In ordar  to describe   technical  installations  in research 

centras  located in developing countries   it   seems useful   to 

demonstrate  planning problems by a  sample  building. 

For  this reason the  new construction  of  an industrial 

research  centre  in Sudan has been selected  as  a case  study. 

( The following figures,(I to III) will give you an overlook 

on the building project. The following ground plans (IV to 

VI) will show you the subdivision into different fields of 

function.   ) 

A.     Heating 

No heating installation was necessary  in  the project   chosen, 

which has been erected in the Sudan.  During the past  30 years 

average  outside temperatures (day-tima)  did not fall below 

•  15°  C.   Even minimum  temperatures  (December and January, 

night-time)   average  at  about • 7    C. 

(     Annual .aximum and minimum temperatures are,ehovn in  table 1) 

B.     Air-conditioning installation 

Planning air-conditioning installation the following  ita 

have been of major importance: 

(a)     installation swat be easily to carry-out, without 

specific  technical know-how; 

ms 
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,*>  in order to .tor. spar, part, «.Inly »ingl. unit, of 

.„. typ. should b. installed which additionally prevent, 

complete breakdown in ca,e of single faults; 

(„  maintaining of air-conditioning ^>^°" •jj° 
time consuming, it should, However, also to be carried-out by 

un-skilled labour. 

Xn order to evaluate the optimum solution table 2   ha» 

been desired. It can be -en that in our ^^^^ 
cent full air-conditioning and 40 percent non-treated 
cent lull air „„«arable. The advantage» of 
a decentralized installation is preferable. Th 

f.HlP l. also meet the requirements of the bull 
this system (table 3J «ASO 

.. +»Vintr uo with the disadvantages, ding sponsor taking up wxm 

C.u.ed by high external temperature, th. calculation.of 

the ^-conditioning installation excluded the use of single 
••   ,„, this reason chest, have been aban- 

:rd\:;.tr- li: »rc^traii.ed,.,. - .^«-«1- 

recirculated air. Ihi. apparatus is mounted inside 

ceiling in the offic... Op.ning. in the facade are covered 
sun protection d.vic. Air distribution is effected by 

.Lrt tub. syst- inside th. false c.iUng and by an.mo.t.t. 

or ceiling grids. 

This d.c.ntr.Uz.d unit is .ho«, in figure VI!. In this 

.... thr.. office, are supplied by on. apparatus  Th. nu-b-r 

.f room, suppli- by on. apparatus ha. b..n fix.d in  way 

that only on. typ. of unit was n.c.s.ry for th. vh.l. offic. 

area. 

„orK.hop., halls, conf.r.nc. hall, library — •*"•••" 
.,uipp.d with ..P.r.t. c.ntr.1 units. All air-conditioning 

„nit. h.v. b..n Placed on the roof (figure VIII). Th. unit, 

»ill b. ....«bl.d by th. modular principi, u.ing th. .plit 
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system, i.e. the condenser is separately mounted, the refri- 

gerating machine, however, being built-in. Air distribution 

is effected by tubes inside the false ceiling and ceiling out- 

lets. Each unit is connected with a sand filter, to guarantee 

operation during dust storms. 

Exhaust air will be sucked-in by tubes also installed inside 

the false ceiling. 

The device for exhaust air is connected to the supply air 

unit, to adjust a recirculated air rate for energy saving. 

Laboratories are always connected with two rooms for office 

and preparation purposes (figure IX). Each laboratory is equip- 

ped with a separate air-conditioning unit which also supplies 

the rooms attached. 

Exhaust-air is conveyed via heat-exchanger which is connected 

with a precooler as in these rooms exhaust air may not be re- 

circulated and additionally high air-exchange rates are required 

(figure X). 

Because of the aggressive media which must be conveyed, the 

exhaust air tubes will be made of PVC. 

Basic technical data and directives for the air-conditioning 

installation are shown in table k.   European and German regula- 

tions and standards have been applied as local regulations do 

not exist. 

C.  Ventilation 

The chemical «tore is «quipped with a ventilating system. 

Supply- and exhaust-air devices have been mounted on top of 

the roof. Supply air inlets are installed in the ceiling. 

(Figure XI shows a supply-air device) 
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Exhaust-air is sucked-in on floor level below bottles, to 

rapidly eliminate heavy chemical vapors (figure XII). 

Supply and exhaust-air tubes are made of PVC, ventilating 

apparatus being explosion-proof. 

Toilets and small annex rooms are equiped with exhaust- 

air device and ventilation unit mounted on the roof. Supply 

air is sucked-in via high pressure flaps from the corridors. 

In the laboratories and various workshop areas fume hoods 

(figure XIII) have been installed. For safety reason« hoods 

will be connected to separate exhaust-air units (figure XIV) 

Fume hoods are designed to prevent vapors from penetrating 

into the laboratories. 

Sniffling points in the laboratories and workshops have 

been provided at the places required (figure XV). 

II. FACILITIES 

A.  Water 

The main problems in the water supnly were: 

(a) low and differing pressure within the water supply net, 

(b) high temperatures of the water depending on the clin at«, 

(c) strong changes in degree of hardness of water and of 

its chemical composition. 

The existing supply pressure of the water network is only 

1.8** atm. By means of a pressure increase unit, the pressure 

WAS raised to ^.5 atm. To ensure supply when one of the unita 

is not in operation two pressure increase units have been pro- 

vided. Hot water heaters are installed where necessary, as a 

complete pipe system would have been too expensive. 
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The water supply distribution has been split into three 

systems : 

(a) normal points of use, e.g. toilets, wash basins, etc. 

(b) emergency showers which are installed at entrance 

doors of laboratories 

(c) workshops and technical connections. 

A separate pressure increase unit has been provided for 

the emergency showers. In case of a breakdown showers will 

automatically be connected with the main pressure increase 

unit. 

Difficulties resulted out of the consistency and the average 

temperature of the water. As you may see from the following 

table (5), water temperature varies between 25 C and 3b C. 

Thus in certain laboratories and workshops it was necessary 

to install small water cooling apparatus which are manually 

switched-on when needed. 

As emergency showers are only needed in case of accidents 

or burn a separate water cooling system was provided which 

automatically operates by flow switch. 

A water treatment plant was provided to soften and déminéra- 

lise the water, thus corresponding to the needs of the insti- 

tute. 

The distribution pipes are made of galvanised steel pipes 

which mainly have been laid inside the false ceiling. Only 

pipes conveying cooled water are insulated as normal water 

temperature exceeds roc« temperatures thus excluding conden- 

sation water. The following figures will show you part of the 

laboratory areas. (XVI-XVIII) 

Supply of water has been calculated with 2«0 liter per 

person and day, ths wstsr network supplying 1/3 of this quantity 
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at peak ti HM. 

B. Power Supply 

For the power supply the following had to b« considerad: 

- voltage :   <tl5/240 volt   50 Hz 

- the transformar station had to remain functionable 

even during high outside temperatures and air humidity 

- additional supply had to be provided in case of power 

failure* 

The installed capacity required for the whole building was 

about 1,700 kW. Cables were connected to a 11-kV overhead 

line in 300 m distance. For power supply a high-voltage switch- 

ing and transformer station with two cells 63O kVA each was 

erected providing a mains voltage of 415/2^0 V and 50 Hz. (Fig.XIX) 

Transformers have been designed for tropic conditions and 

high air temperatures thus avoiding the installation of cooling 

systems. Internal distribution was carried-out with '»-conductor 

system. 

(Table 6 shows power distribution in the axis areas of the . 

building) 

Receptacles generally have been mounted 0.30 to 0.40 m above 

floor covering. Distribution cables have been laid inside the 

false ceiling leading to the receptacles via vertical wall 

•lots. 

The workshops were regarded as rooms endangered by fire. 

For this reason, all electric equipment had to be of damp- 

proof type, mounted at a minimum height of 1.10 m above floor 

covering. 

In case of power breakdown an emergency power generator 

has been installed, providing 30 kVA. Emergency lighting and 

emergency showers are connected to this generator which will 
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automatically be switched-on in case of power failure, 

C. Gas Supply 

Since neither long range gas supply nor city ga» was avail- 
able, the gas consumption is covered by two propane cylinders 

containing 33 kg each. A third propane cylinder was provided 

as reserve. 

The gas pressure is kept  constant at 500 mm WS (head of 

water) by a gas pressure regulator. A reversing valve enables 

switching over to the second cylinder without interruption. 

The supply pipes made of seamless black tubes were laid in- 

side the false ceiling. The gas supply unit has been planned 

on the basis of the DIN TVG-Gas 1969 standard. 

Gas connections for equipment not solid installed have been 

provided with safety valves which automatically turn-off supply 

in case of defects. 

D. Communications 

Private telephone branch is connected with a central tele- 

phone exchange. In general, calls must be claimed in the tele- 

phone exchange. Only four internal telephones have direct ex- 

change lines. Incoming calls may directly go to the extension 

line. 

In the administrative section (directors) two intercommuni- 

cation line installations for eight parties and one intercommu- 

nication installation for two parties has been installed. 

In the lecture hall an amplifier installation with a capa- 

city of about 50 V and two loudspeaker series have been pro- 
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vided.   Moreover an  interpreter  installation with  standard 
socket   connections   for  headphones  at   126   seats has  been  in- 

stalled. 

E.   Safety 

For   safety in  case   of  fire  dry  fire-extinguishing pipes 
have   been  installed   in   the   staircases,   equipped  in  each   floor 

with   tubes  and  spraying  nozzles. 

Outside   the  building  fire  extinguishing   ground hydrants  have 
been  provided which  are   connected  to  a  pressure  increase  unit 
also   supplied by  the   emergency power  generator.   (Figure    XX) 

In  rooms  endangered  by fire  a   sprinkler  installation was 
suggested which,   however,  was rejected  by   cost  reasons.   As 
already  mentioned   each   laboratory,   however,   is  equioped  with 

an  emergency shower. 

III.     LIGHTING 

A.     Day-Light 

Solar radiation  is  rather intensive   as  can be   seen from 
table   7. Maximum values  are reached in  April  and May. 

The  local habit  to work in rather  dark rooms corresponds 
to   the necessity  to  protect rooms  from  sun penetration*   How- 
ever   it  is  inconsistent with the  requirements  of work  in  la- 
boratories  and workshops.  Hence major  efforts were  put   into 
the   design of an  adequate  sun protection which should  achieve 
the   following major  characteristics: 

(a)   prevent  the   sun  from penetrating  into the weak point 
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of the   facades,  the window 
(b) reduce   capacity of  air-conditioning installation 
(c) reduce   running-coets of   air-conditioning  installation. 

Effectiveness of  sun protection device nay be   calculated 
by determinine  vertical and horizontal shadow angles  at  cri- 
tical times.   In our  case we used  solar charts which  are most 
practible  and   sufficiently  accurate   for design. 

The  shaded   time  for the windows  in the  various  facades 
are  shown in the following figures  (BWIH) .     As  you will see, 
windows are  shaded during critical  times. 

In order to provide sufficient light in the rooms,  window 
areas from column to column have been prefered as against 
single window« • 

As a general value we can take about 8 m as the maximum 
depth of rooms with natural lighting by windows. With this 
depth special works, however, already need additional light- 
ing. Special areas with larger depths, e.g. workshops have 
been provided with done lights which are insulated against 

heat (two shells). 

B.     Artificial Lighting 

Lighting has been designed  according to the following 
recommendations : 
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REQUIREMENTS BY TYPE GENERAL LIGHTING WW VALUES LIGHTING Of «0RKWG PLACE 

or WORK BY LUI BY LUX 

A1 I2 
1 

A 32 

wy low 30 60 - - 

1 low 60 120 - — 

Mdi» 120 250 50 50C 

high 250 300 VÛ 10CO 

«try higfc 600 1000 1000 2000 

•itrwtly high - - WOO WOO -sooo 

1) In COM of gMd gtMril row conditions 

2) In MM of difficult ¥iSM«' ond working conditio«! 

Only very few areas of the institute had very high light- 

ing requirements, e.g. tool grinding, grinding and polishing 

of metals and stones, colour testing and specific laboratory 

tests. Major institute areas had medium or high requirements 

respectively. 

B.B  Lamps Installed 

Pilot plant 

Offices, laboratories 

and rooms requiring 

medium to high luminous 

intensity 

circulation areas 

workshops and additional 

rooms without false ceiling 

hall reflector luminaires 

large-grid flush-type 

luminaires 

flush-type lamps 

surface mounted lamps 

Lamps in offices, laboratories and circulation areas ar« built- 

in in the false ceiling. 
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For   illumination  of   the   escape   routes  via   corridors   and 

staircases,   all-glass   lamps,   directional   markers   and   flush- 

type    lamps  with   filament   lamps  were   provided.   During  power 

failure,   these   lamps   are   operated   by   two   automatically   cut- 

in   emergency   light   switching   gears   with  Ni-Cd-battery  mounted 

underneath.   For   the   lighting   fixtures,   the   following   special 

provisions  were   envisaged: 

- special   surface   treatment   and   tropic-proof   lacquer 

coating 

- special   tropic-proof  ballast  units,   all-round   metal 

clad  and  cjmpound   filled 

- tropic-proof capacitors 

- special tropic-proof sockets 

- silicone wiring. 

B.C  Light Coloration 

Luminaires generally are available in three different light 

colorations: warm white light color, white and day-light. 

Light colorations are measured by color temperature ( Kelvin). 

Light colorations comprise the following color temperatures: 

warm white light color  3000 

white i|200 °K 

day-light 65OO  K. 

For the laboratories luminaires with white light colora- 

tion should be installed. For special work, in laboratories, 

e.g. microscopic analysis, titration and color testing lumi- 

naires with day-light coloration are preferable. 

B.D Orientation of Lighting 

In large rooms, e.g. workshops, pilot plant, etc. light- 

ing should not be oriented to facade or working places. In 

this case, luminaire« should be neutrally directed. 
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In office rooms   luminaires may be  installed in rows   left 
hand   above  desks.   It   is most  important   that no direct  or  in- 
direct dazzle can occur.   Brightness differences  should not 

exceed a proportion  of   1   :   3. 
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FIGURE III : PLAN VIEH 

S.  Barthelmess, "Industrial Research and 
Development Centres" 
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TUIE  1 

CLIMATIC DATA PROJECT SUDAD 

MAXIMUM AHO MINIMUM Uff EÍAIURES 

irightst dally MXìW» 

Uwtt 

IjAM   IF»   IHARCN I APRIL I HAT   IjUK   IjULV ! AUGUSl S£PT 1 OCT    IflOV   ' DEC 

-60° e 

U50°C 

I-W°C 

I- 30° C 

-2Q°C 

- 10° c 

0*0 
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TMie 2   Air-Conditioning 

PROJECT SUDAI 

Docontralizad Cintrai air- 

air-condition conditioning fully eon- not 

(singla units) di tionad wntilatod traatad 

+ Oí 100 Z 
• 
+ 
+ 
+ 50* 501 

+ 
501 501 

• KX>¡ OX 

• 75 X 5* 
• 
+ 
• 
+ 1001 01 

• 501 50? 

• 60 Í *>* 
• 

• 
• 75? 25 X 

•»• 501 501 
• 
• 
• 
• OS 1001 

Saapla calculation: 

1) Supposing full air-conditioning of 60 parean t of building VOIUM and vanti la tion of kO ptrctnt 
a eantral air-conditioning plant is prafaratola 

2) Supposing fall air-conditioning of 60 porcont of building voluna and M) porcont af non-traatod 
«aluna singla air-conditioning apparatus ire prefarabia 

*..-.. maintain •um mmÊm 
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TABLE   3 "Advantages  and  Disadvantages  of   Decentralized 

Air-Conditioning Plants" 

Advantages 

1) Comparatively simple design 

2) No cold water network necessary 

3) For rooms situated at the outside, no network of supply 

air ducts necessary 

k)     High flexibility of the system 

5) Favorable price 

6) Many  small   and  identical  units,   thus  small   stock  of 

•pare  parts 
7) Good contrallability of the temperature in the inside 

rooms 

Disadvantages 

1) No automatic humidity control 
2) High noise level due to built-in refrigerating machines 

3) Large openings in the facades for condenser cooling air 

k) During a dust storm all outside air openings must be 

closed; then, cooling of the boundary zone not possible 

5) Central air processing unit and air duct network for in- 

side rooms very expensive 

6) High maintenance cost for exchange of filters 

7) Maintenance only possible by skilled labour 



FIGURE VII: 

SINGLE AIR-CONDITIONING PLANT FOR THREE OFFICES   -   PROJECT SUDAN 

c m ro 
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FIGURE VIII        AIR-CONDI HONING UNIT ON THE ROOF    - PROJECT SUDAN 
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FIGURE   IX      AH-COH0IÏI0NI((G Of THE LABORATORIES AND ANNEXES 
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FIGURE X      HEAT EXCHANGER 

Hot recovery via »ir-to-water heat exchangers 

1  Outside air ?   Exhaust air 
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TABLE k 

Basic Technical Data Project Sudan 

, • .1 •    . „,-v  j. U^°C/:,C,   °'o   relative humidity 1) Outside air conditions: m ix. + 'O W O ,• 

2) Conditions for »Controlled Atmosphere" (room No 1.35): 

from 20°C/30 '* r.h. - oO % r.H. 

to   27°C/30 % r.h. - «O %  r.H. 

3) Conditions for laboratories and offices: 

Temperature       : max. 29 C 

«elative humidity : not controlled 

k)   Noise level requirements: 

Workshops and store      :  60 dB(A) 

Laboratories and offices :  50 dB(A) 

5) Air speed in the rooms: max. 0A   -   0.6 m/s 

6) Overall heat transfer (k-values): 

.     2   o_ 
External wall  1.17 kcal/h . m  .  C 

Roof 0.5  kcal/h . m 

Windows       2.8  kcal/h . m' 

7) Internal charge: 

Personnel 

Lighting heat 

Heat by machines 

°C 

as stated in description of rooms 

700 Lux, taken into account by 50 % 

as stated in description of rooms. 

Diversity factor 0.5 

8) Standards, directives, regulations: 

VDI Ventilation regulations DIN 19^6, sheets 1 and 2 

VDI 2051   Ventilation of laboratories 

VDI 2052   Ventilation of kitchens 

DIN 1861O Ventilation shafts, ventilation duct, and unit« 

DIN 19^  Ventilators 

DIN 8975  Refrigeration equipment 

VDI 208I  Noise suppression in ventilation unit» 
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riGURC XI   SUPPIY-AIR DEVICE 

CHEMICALS STORE     -    PROJECT SUDAN 



FIGURE   XII 

CHEMICALS SIME, EXHAUSt 
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FIGURE. XIII 

TUM" HOOD 
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riGWt Iï Hirne DUCTS   LABORAIORY :I    PROJLCI SUDAN 
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riGüRt   XVI i 

FACILITIES    -     LABORATORY    PROJECT SUDAN 
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FIGURE XVIII 

FACILITIES - WATER SUPPLY ÏOIIEIS PROJECT SUDAN 
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TASLE 6     POWER DISTRIBUTION IN THE AXIS AREAS OF THE BUILDING    PROJECT SUDAN 

Distribution Location Power Installed kW Power for Lighting kW 

s.d. 1 + 1a axis 1 - 5, ground floor 158.7 20.2 

f.d. 2 axis 1 - 5, upper floor 50.7 7.6 

s.d. 3 axis 5-8, ground fl. 218.6 26.6 

s.d. <i axis 8 - 12, ground fl. 121.7 18.5 

s.d. 5+(a - c) axis 8 - 12, first fl. 278.9 27.0 

s.d. 6+(a - d) axis 8 - 12, second fl. 353.5 ?7.6 

s.d. 6A axis 8 - 12, second fl. const. 19.7 

s.d. 7 axis 12 - 16, ground fl. 65.2 Kb 
s.d. 1 axis 12 - 16, first f1. 1.7.6 10.6 

s.d. 9 axis 12 - 16, second fl. 51.7 11 

s.d. 10 axis 16 - 20, ground fl. 12M 16.5 

s.d. 11 axis 16 - 20, first fl. 137.8 20.6 

s.d. 1? axis 16 - 20, second fl. 88.9 19.8 
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WliLE   7 SOLAH   RADJATION   AS   RKCEJVKI)   ON   MORI/ON TAL 

Surface   (gru   cal   /   cm"   ) 

SIÏAMBAT OnSBRVATORY 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

1963 - 1909 

483. 2 

563. 1 

596. 7 

633. 7 
618, 1 

578. 2 

55^. ,'t 

5'il. .5 

553. .2 

527. • 1 

498. .5 

479- ,6 



FIGURE   XXI 
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FIGURE    XXII 

SHADED        T I H C       FOR THE    S 0 U I II    F A C A 0 E 

HINDOUS     ONLY 
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FIGURE   XXIII 
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FIGURE   XXIV 

SHADED       TIKE FOR  THE VEST  FACADE 
WIND O W S O N L ; 
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