
l
KJ

fl)

3i
>

NJ
KJOO
00

c
CL
(/)
o
3

o
J

o_
fl)

Q fJ
fl)  
a  

: 3*

Q> Q.
13 fl)
=j'  

cl cr
fD ( l
5 fl)

-i-   
Ts CJ.
g! 3

3
L

fl)
ZJ

>
C  

3  
l  s

• l

ft
= fl)
( i  
3 "O
13 fl)
fl  -S

Q_
fl) 

O 

( l
fl)

&>:
3
Q

OQ
!2_ S"
zr

(0
o_
Ä   S" O 0*

Ts 5"

rt CO
fl)  

-
C/) * sj

fl)

i±    Cü <•
2 N   <
CO  
fl)  o
fl) n
5  =3_

=r

(Kl -s

7s 03

fl)  
( l 3

s
:

C    

ÖQ  0
qx  c
Ä  OQ

7s
3 §TJ  

7s

fl)

CL
fl)

7

3.
ui
3

TD
?
3

(Kl

CL
fl)
3

Q.
Ui
3x

U
fl)'
r~
c3»
E ,

N CL
C fl)

<
¦    
(Kl pj

3
n  J

c'

-  rt
Q_ < 5
fD  
p '°
c m
O  l)

fl)
zr d

CL
g- ™

7s
£üTS rt

O fl)
3
D-5
fl 

0

C Q_
fD' fl)'

sj 1-0

2  
I c™
0 Cl

0
CD
O- n
< E 
o ft= s 
73 5-
i  gOJ 3

U    Q rt0 N
d r?

CK
0 c 71 r 0 c 0 

c c c
< Dr 

CD
D CL rtrt DD 3

CK
rt< 0 0 C rt 0 CK 0-'S rt er C rt L -5

zr 0 fl OO 3 0
L C rt CO

3- 3

13
( l

(Kl
C
D

(Kl
0  

' - 3
0 ZI• m

<
5, 5'

3
TD

§ Leistungszahl [-]

Kälteleistung [kW]

0

er
(Kl
0

-   2.
§ -ö

>   I
s-  

7 
0

CD:
D

(K
(Kl'

CL
0

0
Z3 
0 r+
Zf)

« O'Q
C  0
0 -S
)

S3  0 1

0    _ (K
er 3 w 0
0 3 ck o ,

0   0
(Kl

(Kl

0

< Z 
0 0CL

-5  

Ts Q.

3 -
(Kl 0
(Kl

N
C  ZD
0iu

- = D
3 0 3Cl  

0
CL
0

Z) N   
TD C f -J -! E0     0 <2

_ ro X
O ck 0
13   
0    E

§'
rt C  0 
0 E   

CT m <
0 IJ   
<    S 
ro" S ü.

§ §
§ (Kl
CL CL NC 0 •* .
Z3 -S xrt
w ml
0 0  

Ä Cer =3
CL

S 2.
. 3

CK §
0 (K

0 c

0

!2. S

o
-n- ( )  r1
7s 3 £
K ™ I
ö    
Q- $
<D 2.
3 3
S C 
fD: T)
rt e0  § i
1 (K

i 3
r  0

Z3
(K

Q_
O 0- •  5
i t

n  
O   X  00 cl
ffi 0

q_
C   5.
<2.  

j itj
0 §

g-   M
n cl3- 0
c  S

(  <
fD1  5
0 

§ s-
C 

Z 3.
0  ( 0
D

0  

CL "5
0

t
=¦ 0

g_0'

' ?
3
D

c7    
n E. n
E  O =r

9  

CL
-t 0
r 3C _  D

0
C 

00  t

s- §
CK

9. C 
D   

Ft' (K
0

-5   

0" Ts

=3
-s CD

n
C ZT
D
CL 73

g;

X Q-0 fu
r?   
00  
<
0

50 

a
5

n
?¦
0

D
0 

000
C
0-

0 00  -s
q 0
S  g-
3 g

- 2. 3
Z3 « 

C:   C
3'  

i rt CD
C 

! ™
1

9. 5  -

9_0'

Ts
C :fD:  t:

3 *-*
i 0_

n' 0

c
D
( 

0

fD: CL
rt 0 9.

00r 
9_

r 
9.

3
TD

U 
ck' D

CL
tp
300 

0 rt oo 1 01 r 0rt
¦0

1

r 
0
D 

n
0

CK

ZJ
03
fP C

m-5
N

<
0rt

CL 0 CK00 r 
9 Q. 0

C
3-
fp0 0 TD 0 CK Drt "'S fD~ 3 CL~S ZJ r ZJ 0Ts

fp
0 ~

0
n'
z rt

ft
0

CL
0'

>
Or N

CK

3
D
0rt

<
o
ZJ

CL
cl 0
0  "  Ts

H S

§-
-'S =3
O fl 

3

0 CK-s 0

2. 2
3- C rt 0

1 C
-S =3
CL CL

-t.? o'
Z c -
ft' n 
Ö3 =r

9. O:
n 00
zr c
C  Z3
CD CK

Ml
CL  3
00 0

93.
=• 0 
Q- 9.

2-  e; -a
Ei

0 c00 i=rt 0
0 (K= 0
r+ Z!

CD:
1
3
0

Z  C 
0 0
=  
fl   )
=r oq
0 0

> §
Q-

° g¦?. Q-

O  
3 0

3-  
CD:

CL p0 3
0

%  0 rt
13 3
£-f11 _
ft C1-ro n>
3 3

> </>
£.O ?
E
3
N
C:
2
n 

0 Cf. rt
S_ ? N
0 rt 7j
¦D rt-,   •

C: n
-S 3"rt

CK
O
3
er
Z

n fD C FJ: flD
3  =£> -7
C
)

Q

3 1:3
3. fD ö

f-* Q.  D
i f  fD %- 3 fDrt Z3

0 

C
3  
L C

z S
f  =3
0  c 

fD
fD) ~
N  

.. 5»§
cr

fD
~   O

N Q-
i fD f®

¦ (D cra
fD y M rt 3.

fD fl) • n

fD ft  m rt
'   03 K rm

3 n fD rt 05

=- rt   ,

S S- cn  w -J .

> rt  C ™ WM   rt
)> )> 3
er 3 o-q fD

rt < 3
£ : f®

5
fD
D
C 
N
C

er

CL f .
fD rt
r1 5

Crq
3 1/5

f 

O

fD

zr f 
13

f  C
3 
CD N

fD fD

ä  3
f  q 

fD* fD
D D 3
fD

-5-1 »3 cd

C:
CfQ ¦)> ft 3

-• S _ I  -

1  500 f   3

O fD < CL rt
D 3- O fD 3
P rt "5 D F '
fD
Q. (5 SJ- m >

5' s-
3 El o
Q- ?-5

1=   i o
2 2  oew  

rt _ in
O 3   
a- W:

Cl- rt

(D ft

g-ocS. Z
rt 6) fl) C
rt 2 ft) N
D C: C
3 O ? 3
¦a a. 3
fD fD pj <
rt. 3 C O
fD rt ft

er -:r m
< N rt
S. c f fl):

||
3.

a.  
fD
0 o

0
rt  

rt.
o
3

< s f  fD
M ft
rt Z3
W: a.

- ft O-
Cr f  2

eü 3
D rt*
f  <
5  D

c o § g.
=3 -• 3 3.
q Cl w 13
g o er.  
« ~5   3

:  
0 rt c
r  g Oq
rt 3

1 O 

C
3
Cl
f 

Ammoniak-Kaskadenkälteanlage mitKompressions- und AbsorptionsstufeTeil 2 - Untersuchungsergebnisse



3
>

NJ
i oo
00

l
U 

00 c  
Ä 3 ±

) (T)

JD
C 
CU -S

fD
Q
fl>

Q- <
CD

5

? I
3 cl
~o c

i  
vj, Q

fD  0  
fD

ti r~

£ 3
= o
f 
D

PJ:

ö  :
fD

-

CL
fD

§-o  or
fD

l rn
fD  

CL
fD~S
fD
D

u i.

er
oo

2 7  3 w
Eü q- -

0 5?-S fD -*J
s-3  

R' NJ
- Ct C 

n £   

3
fD fD"ö  :
J O"
3  
fD 3
_i 0q1  
rt  
AJ_
CU  

s
o

D *   
CrQ    = 
n> £- 3
ir fD
CU  5 c
( t    r
Q_ -ö

C  _
D  Q-5 fD
I =3

fD

| 1
3 i

q
<
O

i  0NJ rt
CO N

O* 00
3 b:

s- ?
=! ro

CL N

fD -5

fD  

o SO   
.

CU
AJ ( l

C/l

6' "2.
CL , .
fD A>

=r fD

CL oo
n

CL = 

f 

fD
fD- ? =3

CL Z3
fD fD fD

m

CU q <
= O
<  :
fD fD

TD
n ¦~j

o
Z 

S
fD

U
00
fD

? S
C  CL
fD fD

C O
5

Oq rt O 
fD fD f 
OO rt oo
n oo n" C 3"
£. Q- w
Q- c  SS § 3
§ •
3 i

f  o 
3  
-   0

=r
AJ| Crt 3
fD Oq

i. Srtrt _
9. 3
3 rt

A S
¦O  

f 

Oq
fD

A):
=r
rt  )

<2
3

Oq
fD

3
s

"O 3
3 00'
X C 
»   
C   
0 n
9: §

o S
§ §>
N %
< 1
(  fD
rt 3

CU u_
Oq 3
f  =3
3 Oq

S g
I 7s
S -§
T -+s

fD

CL 3" H Oq CL Oq • 03
0: rt1 C: O 0 3 AJ

3 3- 0 3 n CL öl
n X 0rt 3- AJ: Ts 00
3-

3
rt

C:
O"

fD'
3nrt
9.

CP
5'

oo

r
rt_
9
c/) 

0
3X
rt

n 
Z 

A
E rtfD

n zr N
rt

oo
rt .

3"

3
zr
rt
N

9.rt
< KJ

C
Oq
N

rt

9
0

O'
3

rtrt
rt
u
q

Ts Crt 0 UJ C 3 " n 5 

er oo
fD
Q. O

f  §
3  

A
Oo
I

fD 3

r- Oq

|l
§ 73

Ai:    
C  KJ

fj O: N UJ
3     >

fD O
P Q-

g
fD n'

fD cr
3 fD

Q- 3  2
S Q- ?D

S. zr- fDfD f 

n fD   

0: ro
</>

er 3  

2  

. g
ra ro'

° X
n c

= fD qrt   3
-K
-K

I
N

=
.

CU

3
rt fD3

fD fD

NJo

CL
er
fD

fD
3
CL
fD
rt

ö
rt
fD
Z 
N

f 
N

:  +»
zr c:

fD

9.
3 fD

Oq fD rt rt

O fD

N m

fD
er

vO rt
c?rt

o fD
n 3X

fD
fD si s1

NJ
KJ

Oq O00 qOq 3
CU

IIn  
3 
_. c

> 
li
3 CL

qq
o   -ö

1X
CL fD
fD 3

q' N =-

ö -•
Ai  

fD 2CT3

: 3
sO

u  
2 gin  5- !?

n 5: <
=r n O

O cl S"
3

g mfD O: <-
rt 0   
2   er

CL
X  D
a1 ¦ 

ir
S-

Oq 3.
rt  
fD fD
3 rt

f 
£
= 3er. 3
CU X

< m
o  0

3 (K|-
C  O:
5  1
CD §
CU00   
fD O
3 rt

o-
M tC
m  
0  crq_

fD.

F S-

ro  s

F §
3-

s s
ö§
C   
9_  '
£ Q-
f  -•
7 3

§ ?
öCU:  

rt fD
f 
3 Oq~ fD
rt 3
9. fD
V) 0 u 00
3 S
3 fD

er <
fD §00  J

§  
rt" n0 3-
fD Q_
C  (  
fDrt r~
-k 2.

=
CL o 
fD   
3 CL00 =•3

f 
fD

- CL
rt ort X

c " .

_ fD'
Oq 3

§ 
3 e . 3
X Oq rt
fD  

CL rt
l w p-

fD

I 1

i: 5   
ü 3:o

rt -3-
fD N rt

C
D AJ 3
1 rt Oq

£ R 

c -•

O: O
S" 05

"  

S-011

O  .
rt 3

s-3
< C:00fD 0 

_I erc 1 fD
er
5=  

2.
K  AJ
N
C F
n> 2

E" ™ d 3»  • ( i   

fD AJ3 rt
O

CL fD

§
3  
S ?
S S.

fD
5

AJ  U

R' C
N 3rt rt

5   
rt  _fD zr
cu 3:rt 3
rt Oq
< fD
Oq 3
rt
° D-

ro 2
00 pj
I 3

fD1 Oq
3 fD
-9 N
fD CK
? 3

C  q  q3 fD
3  
00 3

<  1 r
CL 3

5-
D fD

S2.
n
1  
L

Kälteleistung, ND [kW]

O Tl -H
0  .

W o o
Q-   )

c  co
DJ CD OD

; -K -A*
© CD cn
-5. CD C 

§09=- D -K

(D

C 
4  3 03

CO 7T C=_i. cd q
~t CD O

o 2 §Ä ä
! 3 r-

q gd d
9. 0 CD
(Ti rn 9

<D

)
c
o
= 

rt c-
N <t>

«¦ F

tQ

R-
O

TJrt
o
Q.

<D  |3 W H
< 3 O (D
® o 3. s

- 5  (D
3 0)
<D

E
E
Ea
CB
n

3 2.

C 3,
3 0)
Q. O

>
c
w

Ts ®<Q
C

O w
ü Ui <D

P' W
U. 0

<Q: ä

-1 3
Q.
0

«
as

I
3 Q)

sä
N --
ö- 3
Q) (Q

O
3 _
D (Q
O (fi
3 3-
0 =
3
r+
0
3

0
O 0
>CQ

öS2.
2   S
-* fl)

0
0

1;

-

ff !
*»
0

i33

u  
1 1

m-

2m
c

m
c
2
m
c
2
m
c
2
m
c

£
£

»
o

T-rtVr /

Absorptionskälte TECHNIK



ln

3
tu
>~

K 
i OO
00

I  i.
(D
Z  OS

CD C?
fD  

2.
3 9-

rt>

C:
ii-   fD

~  -
i o

Q_ Co
(D -

=   iü: n>
= =3

OQ N
(D (D

§  
CL fD
n> D

cr
fD

' jo
&? 3

3"O
Q_
f 

7s
C:

K O'

Crq
f 

c X
=! Q_rt   
fD  
a 3:
S  
N
fD fD

Q_ =3
f  f f .

Q_

=> 3

?>

DD
fD N

E"  . c
3 fD fD
( l C  T*

- . C

3- CTO

&  D
m OTO

s §ro_ op
fDf   5

fD "ö

N CD
C

=: §

- u

o_
( 

=7 fD
> m

3

fD

>
cr

ö   "O

3 3 g  m

3
fD
C:
C 
0 C 

fD  

- D fD fD

O %
0
5"

m C 
7 rt

(Kl 0
0
§¦ =

Z 
0
7

N
c~
c
3

0_3*

Q.
0

_ Li'
c  fD'  
CL
0

CJ C 

N rt NC 0
3 3 rt

OK $ rtP: rt< rt O0 3 ni 0
C:

~
0

0
3 er

0rt
3
0

C 3
0 rtrt rt <P nr
S OK -7

0 Cl0 rt prt
CL

3.
3

0 TD
3 rt F

C 3m 3 OK
3' rt

0 0

3-  L
O pj
3 3

0   "H 
3 OS 01 0 -f

S S
S: ro.
0 13
0  o-
ö 0~

O  U
C  3
CD 5
.3 2

& 5
0 0

i 3r O
o. "> -ü

o.

CK <-*
0 0

5" fD

rr,  C  o
3 Z o -s

TD TD
.   

S3 3
C  3
Z   
|- S
S  
> 2.
3 n
CK rt
§ O3 "O
~ C?.

3
3   

r4
c  0

i
CK

C
3
( 
CL
0

fD 9-S 0
£ 3

>
9 C 

CL
3 D
-ö  

OK
C 

3'  

n) <r-
Q_  
CU
3
D 0
c  "O «2

CTO ? g.

>
3

t 7s 3
n,  

S 5"03 5  •
0

CL 3
CD T

¦ C
3

. O.

c 
O 

00  0r-f rt
C C
jo  +i0 0

o
er 5*
OK 9
fD •

OK

rt 3
S S-

s: %
1 &
0 g-
3  3
o-o
er c
0 3

n c 
3- 0

CL 3 fDCU 3. -•
0 3
C  0

OK0 0

1
3 Dn r
0   )

s  J- t 
CL

S cp
3

ÖD  s~ CU
CL 33

0
3  
CL
0 O

N F
0c iw iu_

3  
CL

0
S- Q-0  

3
n> (i)

CL
s'

Z g
O Q-

ro g"
er 3§ I
e  S. 3

w
O
0
3

O: 3
3Po
0 3"

CL 0

CL
0* rt

s 2
P: (A=. C2 P;  o

3*   0
<D =3-
3 g.
Et  nrt - -
0_ -

CL

%
c  OK
0 0
3

0 P
C

CL  J.
P 3
C  pj

=• >

O: N
3 2.
CD Ö_

s- =0

iS
0  
1 5,
= Q.

w
< o-
ro %-I C 
er 3fU~ 3

m
x

ZL =:•  

3 o'

0  
5 0

T  R.
0

O f 
3

>
cr

>
3

C 
0

- T 
P

CL (0 1
N
9!

3 -rt
§• ö

3 TD J 
CL -|K 9 
0 O o
3    O
g > 0
?•

0 :
0

0 Q.

Q. N <2
0 C  _

3 3

?
5

0 - ; <
3 g: rD1
CL  j 3
c  ) er
305'
OK 3 T

0

OK.0  *
3 0
g- 3'
C c 
3 "ü

OK P
C   
0 9

CTO
13   
K 3
Ü  
o 3
g S-
T  _
£Ü CD

e 
g o
3 Gl

a

CD

< y>
0 iL.
ZL OK
C C

0

5 <
KJ 0

OK
CL 0
0 3

01
0

OK 0~

CD c
3

OK0
Nm p

=3 31
5 07 3

X 0_
> er

0
> g_

3
: <M

0

Ts 7? o 
P  k fD
E  O Fs c 
P   con r-t

OK  
o S 2
e   <g  g-
I »& fDer -s
0

TD
4k

» o
C: 4k

Ei Q.  
g   0 52
3

3 14.' -u
CL 3 <
= S ™
3 N cro.

_ CD
3=7 0   2.

L
0 N

C  0

TD  
< >
rt

4  0
0
3

3'"  
f co
520

OK
s  g.
-  13
O 1 )'

OK E?rt 0

TD
4kO
n

Hm
0
1
2
7 



Ul
o 

3
>

NJOo
00

0 1
n>

w o
£= (Kl

o i 00

o  (Kl
O C:

C  CP
9 I

fD

>

7s

00 <r2 |

I  O 
o; q

™ I
»

Cö  

<  o
OJ: o

o  CD
sOO

(U
0X|
(D
3

KP Q-o\ (D

00  
On

II
o

S"  
fD

00
o 
;

rt
fD
1 

fD /s• CD . fD
"P

g re
rtc OQX fD

> 33 C er
fD
= OQ

fD
ZJ p
Z  CU

3
rt

4 
LnO

dho

q. 3
s' "g

oo S O
CO  O

>
er 0X1

(D

3   
er
o~

g i

n
=3 oo q~  -J   - -) r>

Q_
(D
3

N
ÖD

.  

:
er  
fD 0 1¦o fD o

3

CL  
o fo_ q

i i
N °H

rt>

=r &j:
_  

CO <
i O
f : fD

tu o  ' =3 H
0X|  
fD tu

O"
9 05

-5
(D

o e 

?  :

>
ZJ

Lif. =5

q oo

=r fD
PJ: 3

fD
=?) „-5

& _ (M
a ">
« 3

>  
c O

3" 
fD

N  
9. £

C > D"

( 
.0 9. ( lo_   

g
( 

S s'
O 00

N f 

= ä?
r C
13

- 0X1- l/>

Q_ pj
fD __

D_ =T

0X1'
C

0X1

er.
02

CL
fD 00
-5 fD

>
er

<£) S"
fD ~o
? 5

o 
O: TO rf-  r (-t

O:
fD  

II
n

fD X

Z  -• r-h~1
9.

er
x Q- 6

3.
r+O
LnO
ft 

fD <

CL
C

0 fB
C: d 
Q_ fD

7s
CD

3

1 -H
rt  

O ifD -
0 1f  O
? fD'

N

fD _
3 ~o

= s-co ft
g n
c er.

3 m
X CL
fD fD

c

rt C
Ln ä 

7s
7s

9
KJ rt

oZrf = 
fD f 

S- g fD
3

ZJ  CD
rt  -

C 
fD Q.
n   

D m

I.

fD P
er « L

c  

- 3
O CO
N 3

D  

: c
, 13

Oxi

1 O
13

fU
n fD

fD oo

n K
o5 

cl q.
fD

o

_  D  i -5 3
CL
fD  

o

S 1
CD q
3. fD
W xo'

OQ fD
fD oo

s
: n -5 C

er d
fD OQ

o  
fD =-

cr
=  oxi~   
fD N
ZJ fD
- 13

IL  Q
fD fD

DO C .~ O
=3
Cl

>  
<  <  L
fD fDD =
Q_ 1

3  > §<T 3

oq -n -5 c   .
O:

[  ö
: q_

9 fD- p

Q

CL

er  er0,1o  o
O ooX

N
fD
C

D OQ

s Q-
!D: C

fD
fD

CL
fD

CD: fD

n S   
er  l

o-Q fD
=r & cl.  

c
rr zj
fD CD OQ

( 
13

n, og

ö
fo
3
o

?  
3
D

ro n
5. i

0 
c <

o
D

fD
<
o

9  c fD 3.
n   rt3  rt
5 51 -
z I 1.
kJ fD fD

0_ OQ
OQ

OQ
CD

er
N

7?
KJ

9r  fD o
13 3
~ -CJ

CL
fD
rt
H

Z 
CO
ct;
n 

rtrt
fD O-

s- 

§ g
C
Z rt
fDrtD

3 fD
Ts 3-

fD
m00 > 'S oo

CZJ 1/1. 00
i i o 

mrt
N m

c § n
z 

C
OQ Q_ S=

fD «-
i  
S  

3
OQ
C 

ÖD

7 

CL fD
9 3'

: =r CD:

% CL
9 fD

CD

c
ZJ
CL

7 
CD

fD

o 

CD
CL
fD

0 o 

§  5 O.

>
er

U:

„ Q.
r1 <d'

2 n>
3

g 53  SfD-.r" r\  1

fD  
5  9_
fD  f

r.
OQ zr C 

OQ fD
fD
c

OQ
S 3

S  13
fD U)

fD    

S. fD
' 3

fD O
-rt 3
CL  

3' fD
- 3

00-5  VIq- cd Ts o

7\
3
O:

n
9. Z
fD fD
3

~o
CL fD

i* - 
O
-5 i

fD
CD

N
13
q

0 fD'

> 513 fD

fD D
CD
00 zr

C : fD* (D
3 q _ ZJ

o 
n
z 
fDrt

rtN
i
UJ CL

KCD
r>

CL
Q* ??

_

n*
r

rt
.

C _rtO fD* fD
ZJ

fD
3

rt > CD Ts
Eü <

n m
¦p 13 der fD

= 
5*
L

er
fD
rt

c
n
z 

rt
?

<
fD
7

Q
fD

OQ

fD

i:
OQ

9 IT' rt

£
3

Z oq
I 

fD
3
fD
a

CL  
fD
3 5*

fD fD
Z3

: fD
S cS.
-5 fD

£-  
3  .

er
CO

§  a3  .

2
S2. fD

§  
o ( 

3
fD
3
fD  Q
3 fDOQ 3
fD N

3’ fD
CL ~i

CD: fD CL-» O»

o
fD
ZJ
fD

C:  J  *,_ U  7  7  7 > 3 N -
o  

c  "> ö n >
oo

>
er

3a

1 rt
fD

fD
7?

n*

ü fD
rt
fD r~

0:

3
O
f 

1 ö:
v>    

Ts /s o 
CD:  : fD

I 3
OQ OQ

OQ

C
3

OQ

S 3
C :

= 3 
fD OQ

fD

T OQ
fDO   

n cd

ü? O
3 fD"ö O cz

cl q
§ rt3 rt

fD3
fD  3
C: c

3~a
co

co

C 

=   < © -O  O Ts n  
o~ö

T!
O

"CJ
fD
N

rt
3

=5  fDC5   

~ s g pj: grt -Q -t -»

3
ei

c

I
OQ I  ;

CD O
3

fl>
3

c
13

OQ

1

TECHNIK \bsorptionskälte


