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The NVR, a member o f  t he  I n t e r n a t i o n a l  As t ronaut ica l  Federat ion (IAF), eras 
es tab l ished i n  1951 t o  p rov ide  i n fo rma t ion  on research and technology i n  
space and t o  f a c i l i t a t e  contac t  between these two f i e l d s ,  

The N V R  has developed a l a r g e  scope o f  a c t i v i t y  t o  f u r t h e r  these goals, Th is  
inc ludes the  p u b l i c a t i o n  o f  t he  bimonthly j ou rna l  RUIMTEVAART ( i n  Dutch) and 
t h e  o rgan iza t i on  o f  l e c t u r e  tours,  excursions, presentat ions,  e tc ,  

Lectures have been presented by na t i ona l  and i n t e r n a t i o n a l  exper ts  i n  t he  f i e l d ,  
These have been subdivided i n t o  two categor ies:  

- af ternoon meetings fo r  s p e c i a l i s t s  
- evening meetings designed f o r  a w ider  p u b l i c  i n t e r e s t e d  i n  space t r a v e l .  

Symposia, excursions and f i l m  presenta t ions  a t  regu la r  i n t e r v a l s  have a l so  been 
organized. 

The j ou rna l  RUIF1TEVAART normal ly  conta ins  f o u r  major a r t i c l e s  and a few s h o r t  
desc r ip t i ons  o f  recent  developments i n  t h e  f i e l d  o f  space t r a v e l ,  I n  add i t i on ,  
issues dedicated t o  a spec ia l  theme a re  pub l ished r e g u l a r l y ,  These volumes 
can be ordered separa te ly  from t h e  NVR i n  Utrecht .  The volumes which have 
appeared so f a r  are: Remote Sensing (Feb 1980, 124 pages), Telecommunication 
S a t e l l i t e s ,  L-Sat (Jun 1982, 80 pages), IRAS ( ~ u n  1953, 72 pages), Space Shu t t l e /  
Spacelab (Mar 1984, 100 pages), Perspect ives i n  Space Travel  (Oct 1984, 72 pages), 
and Space Technology (Apr 1985), 

* 
Numbers i n  m a r g i n  i n d i c a t e  f o r e i g n  p a g i n a t i o n .  



THE SUCCESSFUL SPACELAB D - l  FLIGHT 

The Spacelah D-1 mission, which ran from October 30 to  November 6 ,  1985 was I 2 3  

more than 100% successful, The nearly 80 experiments, nine of them from the 
Netherlands, were carried out to  the sat isfact ion of the researchers, A t  f i rs t  
there were a few problems, mostly with the furnaces, but these could be corrected 

t o  a great extent by the astronauts. Wubbo Ockels, who can ref lec t  back on an 
excellent f l i gh t ,  snipped the correct red wire in one of the furnaces and tha t  
solved one of the problems, A t  f i r s t  these d i f f i cu l t i e s  caused delays numbering 
i n  the tens of hours, but eventually a l l  experiments could be carried out during 
the seven-day f l i g h t ,  An experiment from the University of Delft (TH-Delft), the 
second-last task scheduled i n  the mission, on the sol idif icat ion of cast  iron was 
successfully completed, Unfortunately the resul ts  of the Netherlands' experiment 
on frog 's  eggs were not ideal. Only the German experiment on the mixing of s a l t  
sol u t i  ons fai  1 ed, Because several experiments, including two from the Nether1 ands 
on f luid s t a t e  physics, were able t o  co l lec t  data d u r i n g  an additional cycle, and 
the fac t  that  new additional t e s t s  could be inserted, the f l i g h t  direction declared 
tha t  the mission was n~cjl-r ?+Ian 100% successful. This f l i gh t  was largely dedicated 
to  research i n  the f ie lds  of material science, physics, chemistry, biology and 
related f i e lds ,  where use could be made of the microgravity conditions to  
1 o - ~ ~ )  on board. 

THE STANDARD INSTRUMENT PACKAGE 1 2 4  

Most of the experiments were carried out with the standard instrument package. 
As well the astronauts were able to  carry out small experiments on t h e i r  own, These 
included the Netherlands ' experiment on the connection between speech and expression, 
and the exwiments shown many times on television where a rod held firmly i n  the 
hands of one of the astronauts suddenly shot f ree  from his grasp, The Materials 
Science Double Rack consisted of a reflecting furnace, a gradient furnace and an 
isothermal furnace, a cryostat ,  a thermostat for  high temperatures and the well-known 
Fluid Physics Module. This rack was also on board the f i r s t  Spacelab f l i g h t  a t  
the end of 1983. Experiments were carried out in these various multipurpose subunits 
on the sol idif icat ion of metals; the growth of crystals  and on f luid physics 

properties, In the Process Chamber physical Drocesses were studied using the optical 

diagonistic apparatus. The instruments used were the Holographic Interferometric 
Apparatus, Interdiffusion in Sal t  Melt and the Marangoni Convection Boot. I n  the 

MEDEA double rack, jus t  as i n  the material science double rack experiments mentioned 

above, second generation experiments were carried out using improved furnaces and 



thermostats, Metals and semiconductors were melted and sol idif ied here as well. The 
Biorack (an ESA contribution) consisted of three parts: two incubators with specific 
temperature ranges, a freezer/cooler u n i t ,  and a sealed unit for  sample preparation. 

This l a s t  apparatus, the so-called glove box, was developed and b u i l t  by Fokker 

and i t  functioned perfectly. 
The experiments themselves took place i n  one of two standard units placed i n  

the Biorack by the astronauts, The fourteen experiments had different  goals b u t  

the effect  of microgravity conditions on the growth of biological materials was 
important in many of the experiments, Rails on which a space sled could be moved 

1 2 5  

back and forth were la id  down in the central corridor of Spacelab, The astronauts 
were buckled onto th i s  sled and a helmet w i t h  instrumentation was placed on the 
head of the astronaut. These instruments measured eye movement and the temperatures 
in the inner ear  where the equilibrium organs are located, The most important 
function of the t e s t s  w i t h  the sled was to  obtain more insight into the phenomenon 
of space sickness, A few biological experiments were also carried out with 
instruments located i n  the system rack. Two instruments were also attached to the 
frame outside the module ( in  vacuum), These were the MEA f a c i l i t y  containing 
apparatus for  materials research and the NAVEX experimental packet for  navigational 
t e s t s ,  

THE NETHERLANDS EXPERIMENTS I N  THE D-I MISSION 1 2 9  

The Netherlands' contribution to  the Spacelab D-1 program was relat ively large. 
Nine experiments proposed by the Netherlands were carried out,  Dr. Wubbo Ockels 
also did some other experiments which included those proposed by students, The 
Netherlands' D-1 experiments will be described i n  t h i s  section, 

Three experiments i n  the f ie lds  of material science and physics were carried 
out: two i n  the ESA Fluid Physics Module and one i n  the isothermal furnace, An 

experiment from the Technical Chemiqtrv laboratory of the University of Groningen 
(Rij ksuniversi t e i  t Groningen) involved mass transport from the 1 iauid to  the gaseous 
s t a t e .  Here the effects  of density variations and of surface tension on the mass 
transport were determined. Two containers, f i l l e d  w i t h  a mixture of water and 
acetone, were placed i n  the module, This research i s  important for  the determination 
of the sizes of apparatus used i n  the chemical industry in processes such as 
d i s t i l l a t ion .  The Marangoni convection which produces a circulatory motion of the 
l iquid was clear ly vis ible ,  This experiment was given as an example of the 
successful nature of the mission d u r i n g  a press conference in the f l i g h t  direction 

centre i n  Oberpfaffenhoven. On the following day a third measuring cycle was carried 



o u t  on t h i s  experiment, 

The second experiment i n  t he  F l u i d  Physics Module, from t h e  Nat iona l  A i r  and 

Space Laboratory (Nat ionaal Lucht- en Ru imtevaar t labora tor i  um) i n  Amsterdam, 

i nvo l ved  research on t h e  dynamic behaviour of l i q u i d s .  I n  t h i s  experiment t h e  

behaviour o f  l i q u i d s  i n  var ious types o f  smal l  conta iners  was recorded on f i l m ,  

The mot ion o f  t h e  l i q u i d  i n  t h e  conta iner  as w e l l  as t h e  e f f e c t  o f  t h i s  mot ion on 

t h e  conta iner  i t s e l f  was measured. This  research i s  important  f o r  t he  development 

o f  space t r a v e l  systems which have conta iners  w i t h  l i q u i d s  on board. This  

experiment a l s o  rece i ved  e x t r a  measuring t ime. The video p i c t u r e s  d isp layed were 

o f  good q u a l i t y .  A t  t h e  l a s t  moment, t h e  experiment from the  m a t e r i a l  science 

d i v i s i o n  o f  t h e  U n i v e r s i t y  o f  D e l f t  (TH-Delft) on the  e f f e c t s  o f  su lphur  and 

phosphorus on t h e  s o l i d i f i c a t i o n  o f  cas t  i r o n  was c a r r i e d  out .  This  experiment, 

t h e  second-last one of t h e  e n t i r e  mission, succeeded pe r fec t l y ,  

S i x  o f  t h e  Netherlands'  experiments i n  t h e  D-1 miss ion  were c a r r i e d  ou t  i n  

t he  f i e l d  o f  t h e  l i f e  sciences, These were: one b i o l o g i c a l  experiment w i t h  f rogs '  

eggs and f i v e  experiments i n  which t h e  astronauts were involved.  The experiment 

w i t h  f r o g s '  eggs, from the  Hubrecht Laboratory o f  t h e  U n i v e r s i t y  of U t rech t  

( R i  j ksun ivers i  t e i t  U t rech t )  was c a r r i e d  o u t  i n  t h e  standard b io rack  fac i  1 i ty  . The 

purpose was t o  i n v e s t i g a t e  how a t r i - a x i a l l y  symmetric embryo develops from a 

mono-axial egg o f  a klauwpad under cond i t i ons  o f  m ic rog rav i t y ,  One hoped here t o  

o b t a i n  a b e t t e r  i n s i g h t  i n t o  t n e  complex processes occu r r i ng  dur ing  embryonic 

development, It appeared l a t e r  t h a t  t h i s  experiment d i d  n o t  succeed. The experiment 

has rece ived an a d d i t i o n a l  oppor tun i t y  f o r  success on t h e  IML-1 Spacelab f l i g h t  

i n  1987, 

The experiment from the  I n s t i t u t e  o f  t h e  Physiology o f  t h e  Sense Organs/TNO / 3 0 

( I n s t i  t u u t  voor Z intu igfys io logie/TNO) concerned t h e  m o d i f i c a t i o n  of sense organ 

in format ion i n  space o r i g i n a t i n g  from the  e f f e c t  o f  g r a v i t y  on those organs which 

i n f l uence  equ i l i b r i um,  The astronauts c a r r i e d  o u t  experiments both before and 

a f t e r  t he  f l i g h t  i n  t h e  'tilt chamber'. Th i s  experiment i s  important  f o r  i n v e s t -  

i g a t i o n s  i n  t h e  f i e l d s  o f  sea, a i r  and space sickness, Blood samples were c o l l e c t e d  

from t h e  astronauts before, dur ing  and a f t e r  the  f l i g h t .  The U n i v e r s i t y  o f  

Limburg ( R i j k s u n i v e r s i t e i t  Limburg) rece ived 1 m l  o f  b lood from these samples and 

determined t h e  presence of os teoca lc ine  i n  p ro te in ,  Th is  p r o t e i n  i s  manufactured 

i n  t h e  bones and comes i n t o  p lay  du r ing  t h e  r e g u l a t i o n  of ca lc ium l o s s  from the  

bones, Ockels, on a request  from t h e  l abo ra to ry  f o r  animal physio logy of t h e  

U n i v e r s i t y  o f  Groningen, c a r r i e d  o u t  several  t e s t s  on t h e  e f f e c t  o f  g r a v i t y  on arm 

pos i t i on ing ,  I n  thi.s experiment he was b l i n d f o l d e d  and was requ i red  t o  i n d i c a t e  

s p e c i f i c  d is tances us ing  a scanning pen and a spec ia l  r u l e r  equipped w i t h  a device 



producing audi b1 e tones, Finally , two psychological t e s t s  proposed by the Max 

Pl anck Ins t i tu te  for  Psycho1 inguistics in N i  jmegen were carried out. Here the 

relation between speech and behaviour were investigated under gravity-free 

conditions and the spatial  orientation of objects was described, The video 

pictures which were sirnu1 taneously transmitted on national television will be 

analyzed further.  

THE NEXT SPACELAB FLIGHTS / 3 1  

A t  the present time there are  s ix  Spacelab f l igh t s  planned up t o  1989. The 

Earth Observation Mission (EOM) and the SL-4 mission have been planned for  1987188. 

The EOM f l i g h t  is dedicated to  atmospheric research and ear th observation, 

Here, some of the European experiments already pretested i n  the f i r s t  Spacelah 

f l i g h t  will be carried out under bet ter  f l i g h t  conditions, The SL-4 f l igh t  i s  

dedicated to  research i n  the l i f e  sciences, In 1988 and 1989 there will be a few 
Spacelab missions using the International Microgravity Laboratory (IML), Finally, 

a GermanIEuropean D-2 mission dedicated to  microgravity research has been planned 

for  1989, Researchers from the Netherlands will also take part in these missions, 

A1 ready, sc ien t i s t s  from the Universities of Groningen, Delft and Eindhoven, the 

City University and the Free University of Amsterdam, the University of Limburg, 

the TNO, the NLR and several other ins t i tu t ions  have indicated in teres t  in the 

faci l  i t i e s  planned for  these f l igh t s ,  The following instruments will certainly 

be included in e i ther  the IML or the D-2  (or both) f l igh ts :  the new f luid physics 

laboratory, the cr i  t i ca l  point faci 1 i ty,  the Biorack, various kinds of furnaces and 

the space sled, New proposals for  experiments can be submitted to  the SRON or  the 

NIVR, Any experiment appropriate to  these f a c i l i t i e s  i s  hearti ly welcome, One 
could think of proposals for  the production of new materials, such as immiscible 

alloys,  large crystals  and pharmaceuticals, Experiments can also be submitted 
~ h i c h  require gravi ty-free conditions, Results could be important for  the 

determination of the dimensions of apparatus on earth. Enterprises such as Philips, 
AKZO, Duphar, Gist-Brocades, Unilever and similar companies are  expected to  carry 

out research in space now tha t  the poss ib i l i t ies  offered by the Spacelab, rocket 

f l  ights and, eventually, space s tat ions a re  bet ter  known, 



SOME BACKGROUND ON MICROGRAVITY RESEARCH CARRIED OUT BY THE NETHERLANDS DURING D-1 

Interest  has already been shown in the Netherlands i n  various f ie lds  of science 

and technology for  experiments in Spacelab, Since 1974 the Netherlands Ins t i tu te  

for  Aircraft  Development and Space Travel (NIVR - Nederlands Inst i tuut  voor 

Vliegtuigontwikkeling en ~uimfeuaart)  has encouraged research in the use of 

Spacelab. I t  has done t h i s  theough the organization of several symposia, Some 

preliminary experimental studies were carried out before the f i r s t  Spacelab f l i g h t ,  

Eventually f ive  well-defined proposals were submitted by the ESA for  the f i r s t  

Spacelab f l i g h t ,  Three of these experiments were selected, One experiment from 

the NLR, one proposed by the University of Delft and one from the Catholic University 

of Nijmegen were carried out, These experiments were financed from existing 

budgets, The f i r s t  Spacelab f l igh t  took place jus t  before the end of 1983. In the 

early 1980's several proposals were made t o  the NIVR fo r  future Spacelab and 

rocket f l i gh t s .  A Netherlands' program fo r  microgravity research was begun by the 

NIVR in 1980. In th i s  program instrumentation which would f i t  into the ESA 

standard f a c i l i t y  was developed, In general t h i s  research was funded by the 1 3 2  

sc ien t i f ic  ins t i tu t ions  involved, In 1986 the Foundation fo r  Netherlands Space 

Research (SRON - Stichting Ruimte Onderzoek Nederland) in Utrecht took over the 

sc ien t i f ic  responsibi l i t ies  of the MIVR, The NIVR now concerns i t s e l f  with the 
industrial and other applied aspects, 

Since the Netherlands participates in the various ESA programs on microgravity 

i t s  experiments can be placed on board the ESA f l igh t s ,  These include the 
Spacelab, TEXUS rocket f l i gh t s  and the EURECA space platform f l igh t s .  In phases 
1 and 2 of the ESA microgravity experimentstandard f a c i l i t i e s ,  including Biorack, 

Anthrorack and liquid physics laboratoria, were developed which could be placed 

i n  the various f l  ights of Spacelab (D-1, D-2, IML, e t c ,  ) , The Netherlands provides 
4% of the total  budget and, as a resu l t ,  i t s  experiments are  able to  be placed on 

board, The Nether1 ands a1 so participates in the EURECA space platform program. 

Three experiments from the Netherlands have already been selected fo r  the f i r s t  

EURECA f l i g h t  in 1988. These experiments also obtain financial support from the 
Netherlands microgravi ty program mentioned above. 



THE COLUMBUS PROGWM 

Europe i s  about to  construct the Columbus space s tat ion,  The eleven 

countries which are  members of the European Space Agency (ESA) approved th i s  
program during a ministerial conference i n  Rome a t  the end of January 1985, The 

Netherlands participated i n  t h i s  conference, In the next two years the scope of 

t h i s  program will be more clear ly defined. This phase B study will l a s t  for  some 

time a f t e r  1987 since the president of the USA has announced, a t  the s t a r t  of 

1986, a delay of about two years in the space s tat ion program, I t  i s  possible tha t  

the Challenger catastrophe i n  January 1986 will a f fec t  the t i m i n g  as well, Only 

toward the end of the 1980's will the construction of the elements of the American 

and European space s tat ions be able to  begin, In the middle of the 7990's Columbus 

will be connected t o  the American space platform, 500 years a f t e r  Columbus, a 

European, f i r s t  s e t  foot on American s o i l .  W i t h  t h i s  program Europe will maintain 
i t s  contact w i t h  world-wide events i n  the f i e l d  of space travel.  Wi th  i t s  own 

car r ie r  rockets and i t s  own space s tat ion , Europe can guarantee i t s  position as a 
space power, One of the important reasons fo r  the construction of Columbus was the 
fear  that  Europe would f a l l  behind the USA, USSR and Japan i n  the f i e lds  of space 
technology, fabrication of materials, biotechnology and similar f ie lds  and i n  the 
commercial spin-off from t h i s  research, The Columbus space s tat ion contains many 
elements including a habitable module which besides serving as a laboratory can 
also be used fo r  the storage of materials and as l iving quarters, I t  will a lso 
contain space platforms and several instruments fo r  research, A t  the same time, 
systems, i n  space and on the ground, will be developed which will determine the 

precise evolution of the use of space s ta t ions ,  These systems will include ground- 
bases communication systems among other things, 

A t  f i r s t ,  plans cal l  for  close co-operation w i t h  the United States,  The 

European module will be coupled to  the NASA s ta t ion,  B u t  i t  i s  possible tha t  in 
the years 1990/2000 Columbus will f l y  independently. Then, perhaps, components 
p u t  into orb i t  with the future European launching system, or with Space Shuttles, 

will be coupled to  the European space s ta t ion ,  - I t  i s  possible that  a European 
Space Shuttle based on the French Hermes o r  on the Brit ish Hot01 system will be 
i n  operation, The current Columbus program i s  based on co-operation w i t h  the 
United States because the costs of an independent system are very h i g h  and because 

Europe does not ye t  have the infrastructure (ground fac i l  i t i e s ,  tel  ecommunication 

sate1 l i  t e s ,  e tc .  ) to  be able t o  use e f f ic ien t ly  the space s tat ion,  



The Co1 umbus module mentioned above is ba s ed on the European Space1 ab , T h i  s 
module which will be coupled t o  the American space s tat ion i n  the 1990's will get 
i t s  e lectr ical  energy and other power from the American s ta t ion ,  A further 

s 
4 Columbus module will be able to  f l y  independently and will  use the European solar  
1 
j panels which will be connected to  the module for  i t s  e lec t r ica l  energy. The 
j 

I European space platforms which' form part of the Columbus project are  based on the 
% existing systems such as the Spacelab pa1Iet and the EURECA platform, I 
i THE NETHERLANDS INTEREST IN COLUMBUS 
! 
1 

The Netherlands has agreed to  a 4 t o  5% participation i n  the ESA definit ion 

study for  Columbus, Industries and ins t i tu t e s  i n  the Netherlands such as Fokker, 
NLR and BSO will carry out studies on the solar  panels, hybrid heat pipe radiators,  
two-phase heating systems, subsystems for  controls, parts for  robot arms, data 
collection systems, a i r  locks, robot t e s t  f a c i l i t i e s ,  operational aspects and 
instrumentation for  the use of space s tat ions.  Industry and laboratories in the 
Netherlands will be involved actively i n  the definit ion of the space s ta t ion ,  In 
t h i s  way advanced subsystems will be developed by Netherlands' industry and the 
competitive position of the Netherlands will be improved, Even small and medium- 
sized companies will be involved in these various ac t iv i t i e s ,  Philips, perhaps, 
will develop a new compact disc system for  the storage of data. Researchers i n  

the Netherlands are  already involved i n  the definit ion of the f a c i l i t i e s  for  the 
space s tat ion.  Scient is ts  a t  the Universities of Nijmegen, Utrecht, Groningen and 
Limburg are  defining the biomedical f a c i l i t i e s  while colleagues a t  the N L R ,  

Fokker and the Universities of Groningen and Amsterdam are  actively involved i n  

the development of instrumentation for  f lu id  physics. Eventually astronauts and 
experts from the Netherlands will use the various f a c i l i t i e s  for  space and earth 
observation. 



Dr. Wubbo Ockels placing an instrument from the University of 
Groningen in the Fluid Physics Module 

The crew of the Spacelab D-1 Mission 



Wubbo Ockels i n  his 'own' sleeping bag 

Wubbo Ockel s carried out various experiments d u r i n g  the mission. 
This i s  a t e s t  of a cable constructed out of cylindrical and 
spherical 1 inks. Such cable could make possible better docking 
procedures, This cable was his own idea and was developed by 
Fokker and the TNO 
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1 N e t h e r l a n d s  A e r o s p a c e  Agency 

T r a n s l a t i o n  o f  " N e d e r l a n d s e  E x p e r i m e n t e d  i n  d e  D - 1  M i s s i e " .  
I n :  R u i m t e v a a r t  ( . A s t r o n a u t i c s )  , No. 6 ,  May ' 1 9 8 6 ,  N e d e r l a n d s e  
V e r e n i g i n g  v o o r  Ru imtevaa r t -NVR ( N e t h e r l a n d s  A e r o s p a c e  Agency 
U t r e c h t  N e t h e r l a n d s ,  p p ,  2 2  - 3 7 .  

f l i g h t  a n d  t h e  s t a n d a r d  i n s t r u m e n t  p a c k a g e .  T h e  N e t h e r l a n d s  

e x p e r i m e n t s  i n  t h e  D-1 m i s s i o n ,  t h e  n e x t  s p a c e l a & £  l i g h t s ,  
and  t h e  Columbus  p r o g r a m  a r e  d i s c u s s e d .  

U n c l a s s i f i e d  and  U n l i m i t e d  


