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A. I n t r o d u c t i o n . 

The D e l f t c a v i t a t i o n t u n n e l has been b u i l t as a s c a l e f o r a 

much l a r g e r t u n n e l by "Kempf und .Remmers", Hamburg.The t u n n e l was 

used a t the N.G.M.B.-Wageningen f o r the development o f t h e system by| 

P r o f e s s o r van Lammeren f o r t h e e x c i t a t i o n o f a non-uniform v e l o c i t y 

d i s t r i b u t i o n i n the measuring s e c t i o n . A f t e r h a v i n g accomplished 

t h i s t a n k , the t u n n e l was s o l d t o t h e U n i v e r s i t y o f D e l f t . 

The t u n n e l was designed f o r the i n v e s t i g a t i o n o f s h i p s ' model 

p r o p e l l e r s a t r e l a t i v e l y low Reynolds numbers. Because o f t h e a p p l i . 

c a t i o n o f r a t h e r h i g h r o t a t i o n v e l o c i t i e s t h e s t a b i l i t y o f f l o w was 

l e s s i m p o r t a n t , moreover a r e l a t i v e l y l a r g e c a v i t a t i o n number r e l a 

t e d t o the i n f l o w v e l o c i t y c o u l d be accepted. 

I n the S h i p b u i l d i n g L a b o r a t o r y the need was f e l t t o i n v e s t i g a t e 

h y d r o f o i l p r o f i l e s , i n which case t h e f l o w c o n d i t i o n i s o f much 

more i m p o r t a n c e . I n t h e f i r s t p l a c e a much lower c a v i t a t i o n number 

o f the main f l o w i s r e q u i r e d . Secondly a l a r g e r v e l o c i t y i s neededo 

Of much i m p o r t a n c e , e s p e c i a l l y w i t h moving f o i l s i s , t h a t v e l o c i t y 

and c a v i t a t i o n number are c o n s t a n t and t h a t t h e y are n o t s u b j e c t e d 

t o p e r i o d i c v a r i a t i o n s . The r e q u i r e m e n t s o f the t u n n e l are much i n 

creased. 

When the L a b o r a t o r y b u i l d i n g was extended i n I 9 6 O - I 9 6 I , t h e 

o p p o r t u n i t y was used t o improve the c a v i t a t i o n t u n n e l and i n c r e a s e 

-1.1.:; ••.'^'.•y:.. ' : i ' l ; i ; ; i u i < : i ; ; . • • . . u ; • . 

rooms a t t h e f i r s t f l o o r and ground f l o o r and i n p a r t o f t h e c e l l a r 

b eneath. 

I n t h e c e l l a r , mentioned above, room has boe i found t o accommo» 

date a l s o s e v e r a l o t h e r a u x i l i a r i e s as t h e Ward Leonard g e n e r a t o r 

f o r the p r o p u l s i o n o f t h e l a r g e r t o w i n g c a r r i a g e , a d r a i n a g e pump 

f o r b o t h e x p e r i m e n t a l tanks and t h e wave maker v e n t i l a t o r . 

I n t h i s manual t h e o p e r a t i o n o f t h e dra i n a g e pump and a s e t o f 

waste w a t e r pumps are i n c l u d e d , as t h e i r use i s i n some r e s p e c t con-| 

n e c t e d w i t h t h e o p e r a t i o n o f the c a v i t a t i o n t u n n e l . 
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The C a v i t a t i o n Tumiel. 

Notes which are o f veilue f o r the i n v e s t i g a t o r u s i n g t h e c a v i t a 

t i o n t u n n e l . 

• 

1) . H y d r a u l i c v a r i a t o r . 

The o r i g i n a l 9 - 8 t e p gearbox which served t o a l t e r t h e num

ber o f r e v o l u t i o n s o f t h e a x i a l f l o w pump which i s d r i v e n by a 

3 phase A-C motor, i a r e p l a c e d by a h y d r a u l i c v a r i a t o r t o g i v e 

c o n t i n u o v . e l o c i t y c o n t r o l . I t s data a r e : 

Maker: C a r t e r H y d r a u l i c 

Type : 6 A 

Power: 20 hp. 

R e d u c t i o n : 1:0 t o 1:1 c o n t i n u o u s 

T o t a l t r a n s m i s s i o n o f Vee-drive 3000r4).m t o 0 or 700 r.^pom. 

S u p p l i e d by: v. Gelder C i e . , Rotterdam. 

The r e d u c t i o n i s a l t e r e d c o n t i n u o u s l y by means o f an e l e c - ! 

t r i e servomotor. O r i g i n a l l y t h e whole range o f t h e v a r i a t o r was 

used, b u t t h i s proved t o be i n e f f i c i e n t as a r e s u l t o f t h e d i f f e < 

rence o f pumploading w i t h the a l t e r a t i o n o f p a r t s o f t h e c i r c u i t 

By interchan.'^ing the secondary Vee-drive d i s k s t h e r a n f s 

i s i n c r e a s e d , but as a r e s u l t i t i s now i m p o r t a n t t o take e a r * 

t h a t the a l l o w e d c u r r e n t i n t h e p r o p u l s i o n motor i a n o t exceeded 

The maximum value i s 2 8 A. The v a l u e o f t h e consumed c u r r e n t can 

be read a t a c u r r e n t meter which i s s i t u a t e d i n t h e l e f t h a n d 

p a n e l o f t h e FK-case i n the measuring-room. The meter i s equippat 

w i t h a c o n t a c t which a c t i v a t e s a c l a x o n . The c l a x o n can be s w i t 

ched o f f w i t h s w i t c h no. 13» 

• -

2 ) a E x t e n s i o n o f v e r t i c a l t u n n e l l e ^ s . 

The use o f v e r y low c a v i t a t i o n numbers i n the measuring 

s e c t i o n , o r i g i n a l l y caused c a v i t a t i o n o f the pumpimpeller« 

Th i s was e v i d e n t , as the v e l o c i t y f e l l o f f when the vacuum was 

i n c r e a s e d . Also the r e - e n t r a n c e o f c a v i t a t i o n bubbles i n the 

measuring s e c t i o n was much too i n c o n v e n i e n t . 
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w i t h the e x t e n s i o n o f the l a b o r a t o r y b u i l d i n g , the s t a t i c 

head on the i o p e l l e r was r a i s e d by adding l o n g e r v e r t i c a l p a r t s 

t o the t u n n e l . For f i n a n c i a l reasons the l e n g t h e n i n g was r e s t r i c 

te d . The lower s e c t i o n s w i t h the p r o p u l s i o n i n s t a l l a t i o n was p l a 

ced p a r t e r r e , b u t the p o s s i b i l i t y was taken i n t o a ccount, t o make 

a l a t e r e x t e n s i o n down i n t o t h e c e l l a r . For t h i s reason i t i s ad

v i s a b l e t o keep the necessary space i n the c e l l a r f r e e . 

3 « - F i l t e r s e c t i o n . 

ïVith e a r l i e r experiments much inconvenience was met w i t h 

d i r t p a r t i c l e s which a t t a c h e d t o the model a t the s t a g n a t i o n podntJ 

o f t h e f l o w . I n o r d e r t o reduce t h i s d i f f i c u l t y somewhat, a a m a l l 

p a r t o f the "downcomer" was made removable w i t h a somewhat i n 

creased s e c t i o n a l a r e a . I n t h i s p a r t a gauze f i l t e r was p l a c e d 

which catches most o f t h e d i r t . A p o s s i b l e advantage i s t h e p r o 

p e r t y , t h a t a l s o a i r bubbles are h e l d f o r some t i m e ; thus more 

a i r w i l l be r e s o l v e d i n t o t h e w a t e r . The i n c r e a s e d r e s i s t a n c e o f 

the c i r c u i t i e taken i n t o account. To be a b l e t o change or c l s a n 

th e f i l t e r e a s i l y , t h e a d j o i n i n g bend c o n t a i n i n g t h e p r o p u l s i o n 

pump can be low > i e a s i l y . 

^9 « Storage t a n k , water j u p p l y and d r a i n a g e . 

For q u i c k interohangement o f models and f o r r e p a i r work i n 

the measuring s e c t i o n , i n the c e l l a r a s t o r a g e t a n k was p l a c e d 

w i t h a c a p a c i t y o f 2 m^ (rv 5 0 0 n. >. g a l l o n s ) . 

The t r a n s p o r t o f t h e water to and from t h e s t o r a g e t a n k i a 

c o n t r o l e d by e l e c t r i c a l l y o p e r a t e d p n e u m a t i c a l v a l v e s and a cen

t r i f u g a l pump ("opvoerpomp") hr.ving a c a p a c i t y o f 2k m'^/hour 

( 6 5 0 0 U.S. g a l l / h . ) and a pr e s s u r e head o f 1 5 » 5 m water ( 5 0 f t ) 

( d r a w i n g no. 6 0 3 8 2 - 2 by Heemstede Ob e l t N.V.). 

The a i r p r e s s u r e f o r the v a l v e s i s m a i n t a i n e d by a compres

sor ( s u p p l i e d by v. Heemstede Obelt N.V.) which stands by c o n t i 

n u o u s l y . 
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4 . 1 , Use o f s t o r a g e t a n k . 

W i t h normal use o f the s t o r a g e t a n k t h e s w i t c h marked: 

AVT/HAND a t FK-I6 i n the c e l l a r must be p o i n t e d a t : "HAND". 

The s w i t c h e s f o r o p e r a t i o n o f the s t o r a g e t a n k are s i t u a t e d a t : 

1 ) . Board FK-I6 i n the c e l l a r . 

2) , Board FK i n the measuring room. 

3) . The o p e r a t i o n - d e s k i n the measuring room. 

These t h r e e s w i t c h b o a r d s work .ndependently from each other. 

The marks near the s w i t c h e s and sign-lamps and t h e i r f u n c t i o n s 

are l i s t e d below, (see f i g u r e 1 ) . 

4 . 1 . 1 . Drainnnc^ v a l v e open. (Waterafvoer "open"). 

a ) . The magnetic v a l v e ( T ) i n the a i r s u p p l y c o n d u i t t o t h e 

pneumatic v a l v e @ o p e n s , which i n i t s t u r n opens t h i s v a l -

v ( g ) . 

b ) . The f i r s t m i c ro s w i t c h on v a l v e ( 5 ) c l o s e s and s i g n a l s v a l v e 

"open" t o the p a n e l s . When the v a l v e t r a v e l s , b o t h s i g n s : 

"open" and " d i c h t " ( c l o s e d ) are i l l u m i n a t e d , 

e ) . When v a l v e (2) i s f u l l y open, micro s w i t c h n r . 2 opens and 

e x t i n g u i s h e s s i g n " d i c h t " (closed"X 

d) . Water from t h e t u n n e l f l o w s i n t o the s t o r a g e t a n k u n t i l 

t h e upper f l o a t s w i t c h e s t h e magnetic v a l v e ( T ) t o c l o s e 

a g a i n and t o open t o atmospheric p r e s s u r e . Valve(g) c l o s e s 

by s p r i n g p r e s s u r e . 

e) . The second m i c r o s w i t c h on v a l v e ( 2 ) i s c l o s e d and s i g n a l s 

v a l v e : " d i c h t " ( c l o s e d ) t o t h e p a n e l s . 

A f t e r t o t a l c l o s u r e o f v a l v e ( 2 ) t h e f i r a t m i c ro s w i t c h i s 

opened a g a i n and the s i g n a l v a l v e "open" i s e x t i n g u i s h a d , 

which ends t h e o p e r a t i o n . 

Thus, t h e dr a i n a g e i s onded a u t o m a t i c a l l y when the s t o r a g e 

t a n k i s f u l l . 
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4 . 1 . 2 c Drainage valvfe cloafcd. (.Vaterafvoer " d i c h t " ) . 

The magnetic v a l v e (?) i s c l o s e d and opened t o atmospheric | 

p r e s s u r e . V a l v e ( g ) i s c l o s e d by s p r i n g p r e s s u r e (see 4 . 1 . 1 . d 

and e ) . 

By t h i s o p e r a t i o n drainage i s stopped manually, vfhich i s 

j necessary when the s t o r a g e t a n k has n o t t o be t o t a l l y f u l l or 

when the upper f l o a t i s d e f e c t i v e . 

4 . 1 . 3 c Water s u p p l y v a l v e "open". (V/ateropvoer a f s l u i t e r "open"). 

a) . The motor o f t h e s u p p l y p u m p ( 4 ) i s s t a r t e d and t h e s i g n : 

"opv. p" i s i l l u m i n a t e d . 

b) . The magnetic v a l v e ( 5 ) i n the a i r c o n d u i t t o the pneumatic 

v a l v e (6)connects t h i s v a l v e w i t h t h e compressed a i r } 

v a l v e ( 6 ) o p e n s . 

c ) . The f i r s t s w i t c h on v a l v e ( 6 ) c l o s e s and s i g n a l s : "open" t o 

th e p a n e l s . 

d) . '.Vhen v a l v e (D i s f u l l y open t h e second s w i t c h i s opened, 

which e x t i n g u i s h e d s i g n : " d i c h t " ( c l o s e d ) . 

e) o The water i s now pumped out o f t h e s t o r a g e t a n k t o the ca

v i t a t i o n t u n n e l u n t i l t h e minimum f l o a t s w i t c h e s t h e pump 

o f f ; the s i g n : "opv. p'.' i s e x t i n g u i s h e d and the magnetic 

v a l v e ( 5 ) i n the a i r c o n d u i t i s c l o s e d t o h i g h p r e s s u r e and 

opened t o atmosphere. Now v a l v e ( 6 ) c l o s e s = 

f ) . The second s w i t c h on v a l v e ( 6 ) c l o s e s when the t r a v e l o f t h e 

membrane b e g i n s , which i l l u m i n a t e s s i g n : " d i c h t " ( c l o s e d ) . 

The f i r s t s w i t c h opens when t h e v a l v e i s c l o s e d and e x t i n 

g u i s h ed s i g n "open" on t h * p a n e l s . 

Thus, the water s u p p l y s t o p s a u t o m a t i c a l l y when t h e s t o r a 

ge t a n k i s empty. 

Note: 

A t t h e time o f w r i t i n g o f t h i s r e p o r t , t h e low e r Cfciinimum")| 

f l o a t has never o p e r a t e d p r o p e r l y as i t s p o s i t i o n i s t o o low 

and i t s case i s too narrow. When the ta n k i s n e a r l y a m i t y , a i r 

i s sucked i n t o the pump and the wat e r f l o w i s sto p p e d , w i t h o u t 

c l o s u r e o f t h e v a l v e and s t o p p i n g o f t h e pump. Both f l o a t cases 

proved t o be t o o narrow, _ 7 _ 

• ; 
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4.1.4, Supply v a l v e c l o s e d . ( A f s l u i t e r w ateropvoer " d i c h t " ) . 

See 4.1,3. e and f . T h i s knob i s used when the t u n n e l i s 

f u l l b e f o r e the s t o r a g e t a n k i s empty, o r when t h e "minimum" 

f l o a t i s d e f e c t i v e . 

4.2. Replacement o f w a t e r . 

Supply o f f r e s h water t o t h e empty system o c c u r s by way 

o f t h e manual v a l v e (S)which i s s i t u a t e d near the c e i l i n g o f t h e 

c e l l a r . A f t e r opening o f t h i s v a l v e , w a t e r e n t e r s f r e e l y i n t o 

th e s t o r a g e t a n k . 

Whsn t h c water s u r f a c e reaches the l o w e r f l o a t ( 7 ) t h e sup

p l y pump(4)and t h e s u p p l y v a l v e are deblocked and can be p u t 

i n t o s e r v i c e w i t h t h e knob: " o p v o e r a f s l u i t e r open". The t r a n s -

: i o r t o f wat e r from t h e s t o r a g e t a n k t o tho t u n n e l o c c u r s much 

f a s t e r t h a n t h e s u p p l y o f f r e s h w a t e r , so t h a t the s t o r a g e t a n k 

i s e mptied p e r i o d i c a l l y . W i t h a good w o r k i n g l o w e r f l o a t , t h e 

t r a n s p o r t i s stopped r e l a t i v e l y soon. (See 4.1,3, e and f ) . 

The f i l l i n g o f t h e t a n k w i t h f r e s h w a t e r takes some 20 m i 

n u t e s , whereas the t r a n s p o r t w i t h open v a l v e ( 3 ) t a k e s some 7 m i 

nu t e s and 5 minutes w i t h c l o s e d f r e s h -water s u p p l y . 

For a complete r e f i l l o f t h e t u n n e l , about 3 t i m e s t h e 

volume o f the s t o r a g e t a n k i s needed. I n o r d e r t o ensure a 

smooth r e f i l l , an a u t o m a t i c p e r i o d i c s u p p l y system was designed. 

( I t ' s p o s s i b l e o p e r a t i o n depends upon improvement o f t h e f l o a t s ) 

The s u p p l y s w i t c h i n t h e c e l l a r on p a n e l FK I6 has now t o 

be s e t on " o u t " . I n t h i s case t h e upper f l o a t w i l l o p e r a t e t h e 

s u p p l y pump and the s u p p l y v a l v e each time the s t o r a g e t a n k i s 

f u l l . When t h e t u n n e l i s f u l l : 

a ) . The s u p p l y pump has t o be stopped (see 4,1.4.), 

b) o t h e f r e s h w a t e r s u p p l y v a l v e ( 8 ) h a s t o be c l o s e d , 

c ) . t h e s w i t c h on FK I 6 has t o be s e t back i n t h e p o s i t i o n 

"hand". 

- 8 -
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ko3o Complete d r a i n a g e . 

When the t u n n e l has t o be e m p t i e d , the manual v a l v e @ i n the 

c o n d u i t t o t h e sewer must be opened. To empty the s t o r a g e t a n k , 

t h e s u p p l y pump © has t o be p u t i n use w i t h open sewer v a l v e (g) » 

3° H y d r o s t a t i c .journal bearinp;. 

Aa t h e c a v i t a t i o n number i n the t u n n e l was d i s t u r b e d by a 

4 . 3 c/sec. d i s t u r b a n c e , which was t h o u g h t p o s s i b l y t o o r i g i n a t e i n 

t h e l o u d l y r e s o u n d i n g r u b b e r j a l b e a r i n g o f t h e a x i a l f l o w 

pvüssp s i t u a t e d j u s t i u f r o n t o f i l i a i m p e l l e r , t h e r u b b e r b e a r i a g was 

i n t e r c h a n g e d by a modern h y d r o s t a t i c b e a r i n g w i t h c a p i l l a r y com

p e n s a t i o n , whieh was made a t th e own workshop (see d r a w i n g no. 8 9 6 ) 

The p r e s s u r e f o r t h e b e a r i n g i s m a i n t a i n e d by a gear ptunp: 

M a n u f a c t u r e r : Maag - Z u r i c h 

Type: HP 3 5 

C a p a c i t y : 6 l / m i n . a t 12 kg/cm^ and 720 r.p.m. 

Max. r.p.m.: I50O 

Max. p r e s s u r e w i t h w a t e r : ' ^ 3 0 kg/cm^ 

S u p p l i e r : P l a i s i e r - Den Haag. 

The p r e v e n t s h a f t and b e a r i n g from damage when the h y d r o s t a 

t i c p r e s s u r e f a l l s o u t , s e v e r a l s e c u r i t i e s are i n c o r p o r a t e d i n 

t h e c i r c u i t o f t h e pump: 

a) . A f i l t e r t o p r e v e n t t h e c a p i l l a r i e s from s t o p p i n g up. 

b ) . An a i r v e s s e l t o g e t a r e t a r d a t i o n i n t h e decrease o f pressu

r e i n t h e b e a r i n g , ao t h a t s u f f i c i e n t p r e s s u r e i s m a i n t a i n e d 

d u r i n g t h e s l o w i n g down p e r i o d o f t h e i m p e l l e r . 

c ) . A double p r e s s u r e s w i t c h w i t h the f u n c t i o n s : 

1e. S t o p p i n g o f t h e a x i a l f l o w pump when the p r e s s u r e reaches 

a minimum v a l u e and r e s e t t i n g t h e v a r i a t o r . 

2e. B l o c k i n g t h e a x i a l f l o w pump d u r i n g t h e t i m e t h a t t h e 

p r e s s u r e i n t h e a i r v e s s e l i s i n s u f f i c i e n t . 

d) . As a check i n b o t h t u n n e l rooms a manometer i s p l a c e d against 

t h e w a l l ; these measure the h y d r o s t a t i c p r e s s u r e a t t h a i n 

f l o w end o f t h e c a p i l l a r i e s . T h i s p r e s s u r e must amount t o 

12 o r 15 atmospheres. 

- 9 -
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The s w i t c h -.vhich o p e r a t e s the h i g h p r e s s u r e pump i s s i t u a 

t e d on the FK painel i n the measuring room. ( 1 s t f l o o r ) . 

60 Water p u r i f i c a t i o n i n s t a l l a t i o n . 

I n o r d e r t o c l e a n t h e water and t o decrease c o r r o s i o n i n the 

t u n n e l , a p u r i f i c a t i o n i n s t a l l a t i o n i s p l a c e d i n t h e c e l l a r , 

w hich c o n s i s t s o f : 

6,1.1, A f i l t e r v e s s e l type M 6. 

Manufactured by: Nederlandse I V a t e r z u i v e r i n g s M i j . , Amsterdam. 

F i l t e r m a t e r i a l : D o l o m i t e . 

6 , 1 , 2 o A "Waaserknecht" p i s t o n pump type WL 2500 

M a n u f a c t u r e r : Loewe. 

S u p p l i e r : V i h a m i j , Arnhem, 

The water i s d r a i n e d o f f a t the normal dr a i n a g e c o n d u i t o f 

the t u n n e l and i s r e t u r n e d i n the upcomer j u s t above t h e f i r s t 

bend o f the t u n n e l . I t i s hoped, t h a t a slow c i r c u l a t i o n i s i n d u 

ced i n the t u n n a l d u r i n g t h e p u r i f i c a t i o n . 

The watei be p u r i f i e d d u r i n g normal t u n n e l o p e r a t i o n , 

but p r e s s u r e d i s t u r b a n c e s o c c u r , caused by the p i s t o n pump. 

6,2, R i n s i n g , 

The f i l t e r v e s s e l must be r i n s e d each month i n o r d e r t o get 

r i d o f s o i l and t o p r e v e n t the m a t e r i a l from s t o p p i n g up o f t h * 

upper l a y e r . 

For t h i s o p e r a t i o n the v a l v e i n the r e t u r n c o n d u i t t o the 

t u n n e l i s c l o s e d and the waste water i s d r a i n e d t o the waste wa

t e r p i t v i a a hose. 

Note; 

The s u p p l y o f waste water t o the p i t i s too l a r g e t o be 

d r a i n e d o f f by one pump. When the water i n the p i t reached a c e r 

t a i n l e v e l , a c l a x o n i n the l a b o r a t o r y i s sounded and a t the SMH 

t i m e t h e second pump s t a r t s w o r k i n g . I t i s necessary t h a t somebo-| 

dy i s p r e s e n t t o s i l e n c e the c l a x o n and t o take care t h a t the p i t 

i s n o t f l o o d e d . 
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6 , 3 o D o l o n i t e consumption. 

The d o l o m i t e i s consumed g r a d u a l l y , so once a year f i l l i n g 

up i s necessary. 

7 o D e a e r a t i o n and vacuum system. 

I n the d e a e r a t i o n and vacuum system s e v e r a l change have been 

accomplished s i n c e the f i r s t i n s t a l l a t i o n o f the t u n n e l . 

7 . 1 . D e a e r a t i o n . 

A good drainage o f a i r bubbles i s promoted by the c o n s t r u c 

t i o n o f domes a t t h r e e p o i n t s which are h i g h w i t h r e s p e c t t o t h e i r 

s u r r o u n d i n g s : 

a ) . At the lower c o n d u i t near t h e end o f the d i f f u s e r b e h i n d the 

a x i a l f l o , ; pump. 

b) . At the wide bend i n f r o n t o f the c o n t r a c t i o n t o t h e measuring 

s e c t i o n . T h i s i s the p l a c e o f the o r i g i n a l dome. 

c) o At the end o f the h o r i z o n t a l d i f f u s e r b e h i n d the measuring 

s e c t i o n . 

The domes a) and b) are connected w i t h dome c) by r i s i n g con

d u i t s . The l a t t e r dome b e i n g the one w i t h t l i e l o w e s t s t a t i c p r e s 

s u r e , i n which a l l bubbles are assembled. 

I t i s planned t o connect the i n f l o w s i d e o f the h y d r o s t a t i c 

b e a r i n g pump a l s o w i t h dome c) i n o r d e r t o preve n t a i r from e n t e 

r i n g the h i g h p r e s s u r e piunp. 

7.2. Vacuum system. 

7 . 2 . 1 . D i s t r i b u t i o n p a n e l . 

The dome ( 7 < ' 1 < ' c ) w i t h the lo w e s t p r e s s u r e i s connected by 

means o f two c o n d u i t s w i t h a d i s t r i b u t i o n p a n e l w i t h 6 v a l v e s . I n 

one o f t h e c o n d u i t s a p r e s s u r e vant i s p l a c e d t o p r e v e n t the t u n 

n e l from o v e r l o a d i n g . 

- 1 1 -
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7 o 2 o 2 o Vacuum puiapo 

The d i s t r i b u t i o n panel i s connected with the vacuum pump v i a 

an a i r v e s s e l . P a r t i c u l a r s of the pump a r e : 

Make: Leybold - Cologne. 

Type: VP 2 . 

Capacity: 2 mVb. 

Power: 2 0 0 W. 

The o i l must be changed once a month and each time when the 

pump i s flooded. A i r v e s s e l and pump are s i t u a t e d against the 

w a l l i n the measuring s e c t i o n . The a i r v e s s e l s e r v e s to prevent 

the pump from flooding. I t must be drained o f f r e g u l a r l y . 

7 . 2 . 5 . Automatic vacuum c o n t r o l . 

At the d i s t r i b u t i o n panel a transducer for automatic vacuum 

con t r o l i s placed, made by van Essen - D e l f t . 

This i s a simple pressure switch which i n p r i n c i p l e i s meant 

for a i r . The transducer can be connected with dome 7 « 1 o c with 

one of the two aforementioned conduits i n • • -'oh two condensing 

v e s s e l s are placed to deep the t a- ducer fre e of water. The con

densing v e s s e l s are s i t u a t e d a t the s i d e s of the tunnel i n the 

lower tunnel room} they must be drained o f f r e g u l a r l y . 

7 . 2 . 4 . Operation. 
• 

The vacuum pump can be operated: 

a. At the con t r o l deak (BL) by means of a turning s w i t c h signadi 

"aut" (automatic), " u i t " (stop) and "hand" (manual). 

b. At the panel FK againat the w a l l by means of two switches 

Marked "aut" and "hand", 

./hen the c o n t r o l desk i s out of use, the knobs a t the panel 

are used: the turning of knob "aut" s t a r t s the vacuum pump u n t i l 

a c e r t a i n pressure i s raached, which i s present on the transducer 

.Vhen a l a r g e r range i s needed, knob "hand" i s used, '.'/ben the con

t r o l desk i s used, both knobs on the panel must be turned i n . 

- 12 -
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o 8 o Flow pump operation Cfetromingspomp"). 

Before the a x i a l flow pump (tunnel water propulsion) can be 

s t a r t e d , the h y d r o s t a t i c bearing must be p r e s s u r i z e d (see 5 ) . A l l i s 

c l e a r whan the red l i g h t above the "stop" knob on the desk i s ex

tinguished and when the manometer at the desk points a t about 1 2 

atmospheres(the p r e s s u r i n g takes about 3 to 1 0 «inutes depending on 

the amount of a i r i n the a i r v e s s e l ) . Up to t h i s moment, the propul

s i o n motor i s e l e c t r i c a l l y blocked. 

The a x i a l flow pump can be s t a r t e d by means of the knobs "V" 

(Vooruit « foreward) or "A" (Ac h t e r u i t = backward) on the panel FK 

or on the co n t r o l desk. Stopping i s done by pr e s s i n g knob 0 which i s 

s i t u a t e d between the knobs "V" and "A". 

The v e l o c i t y of the flow i s controled by the knobs marked "S" 

( S n e l l e r = f a s t e r ) or "L" (Langzomer = slower) which c o n t r o l the r e 

duction of the h y d r a u l i c v a r i a t o r . The extreme conditions of the va

r i a t o r ^re e l e c t r i c a l l y blocked. When t h e conditions are reached, 

th ^ ^ c t i v e s i g n a l laaps which were i l l u m i n a t e d a t the moment 

when the knob was pressed, are extinguished. The s i g n a l laiaps above 

the knobs "V" and "A" are i l l u m i n a t e d when the motor runs i n the ac

cording d i r e c t i o n . 

9. Ward Leonard System. 

I n the c e l l a r a "Ward Leonard" type converter i s i n s t a l l e d for 

con L r o l l e d D.G. supply to a u x i l i a r y motors i n use with the c a v i t a 

t i o n tunnel. I t c o n s i s t s of a three phase A.C. motor (35o V) a 

Leonard generator and a f i e l d generator. A second, lar^; : converter 

c o n s i s t i n g of two u n i t s , l i k e w i s e placed i n the c e l l a r .sr j p l i e s cur

r e n t to the la r g e towing c a r r i a g e . 

The s m a l l e r i n s t a l l a t i o n can aupply D.C. motors of up to 3 hp. 

The f i e l d generator can supply 1 0 A at 2 2 0 V te n s i o n . The converter 

i s s t a r t e d by turning a A - ̂  switch on the r i g h t s i d e of the middle 

FK panels. The A p o s i t i o n of the swi t c h i s passed during the turning 

of the s w i t c h and cannot be maintainedo The stand by condition of 

the converter i s s i g n a l e d on the r i g h t FK panel i n the meaauring 

room and on the c o n t r o l desk. 

- 1 3 -
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The motor which has to be supplied i s connected below the l e f t 

hand s i d e of the FK case. Two motors can be connected simultanuous-

l y but only separate use i s p o s s i b l e . 

The motors are c o n t r o l l e d only a t the co n t r o l desk, on which 

are found a potentiometerknob for speed c o n t r o l , a switch marked 

"L" and "R" for choice of the d i r e c t i o n turning and a switch 

marked " I " and " I I " for the choice of motor. Also on the c o n t r o l 

desk a current meter and a tachometer are placed. With the knob 

marked "15OO" a separate range of a quarter of the maximum range 

can be applied on the tachometer d i a l . 

The normal - ige i s 6.000 r.p.m. with the use of a 3 phase 

transducer generator with a s e n s i t i v i t y of about 20 V a t 1.000 r.pm. 

C. Drainage pump experimental tanks. 

I n the c e l l a r an ex t r a drainage piunp i s placed for umo with 

the two experimental tanks. 

Before the pump i s s t a r t e d , the valve to the sewer has to be 

opened as w a l l as the valve connecting the pump with the tank to be 

drained o f f . The pu i s operated by pr e s s i n g knobs en the r i g h t 

s i d e of the FK I6 panel i n the c e l l a r . I n the conduits to the tanke^ 

e l e c t r o d e s aro placed for a u t o m a t i c a l l y s t o j - i n g of the pump whon 

one of both tanks i s empty. 

Note: 

When the pump r e f u s e s to s t a r t , the reason can be that one of 

the e l e c t r o d e s i s dry. A short period of opening of both v a l v e s to 

the tanks w i l l s o l v e the problem. 

D. Drainage of waste water. 

The waste water pumps i n the c e l l a r are operated automatically 

by e l e c t r o d e s dependant on the p o s i t i o n of the switeh on the near

by panel: 1 

p o s i t i o n 1: The r i g h t pianp s e p a r a t e l y i n use. 

p o s i t i o n 3 : The l e f t pump s e p a r a t e l y i n use 

p o s i t i o n 2 : (Normal) Both pumps a l t e r n a t i v e l y i n use. 

- ^k 
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I n t h i s l a s t p o s i t i o n t h * operation i s as fo l l o w s ! 

When the l e v e l i n the p i t reaches th* f i r s t * l e c t r o d e , on* of t h * 

pumps comes a t work. I s the l e v e l below a c e r t a i n hight, the pump 

stop s . Does t h * watar r i s * again to the p r i o r l e v e l , the second 

pump w i l l now do the work» 

When one of the pumps has i n s u f f i c i e n t c a p a c i t y to dra i n the 

incoming water, t h * l e v e l r i a e s to a t h i r d hight wher* t h * r e a t i n g 

pump i s at a r t e d to a i d the other.oAt the same time a rod s i g n a l i s 

i l l u m i n a t e d i n the laboratory h a l l and a loud claxon i s soundedo 

The noise oan b* cut out by pr e s s i n g a knob on the aforementioned 

panels 

D e l f t , August 1962. 
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