
192 INZH ENERNO-FIZICHESKII ZHURNAL 

SIMULATION OF FUNCTIONAL RELATIONSHIPS BETWEEN AIR PARAMETERS 

A. E. P a s s  and N. I. Ver la ty i  

I nzhene rno -F iz i chesk i i  Zhurnal ,  Vol. 14, No. 2, pp. 354-358,  1968 

UDC 533.1 

A method is presented for the simulation on an analog computer of 
the functional relationships existing between the parameters char- 
acterizing the heat-moisture state of the air when the latter is passed 
through air-conditioning systems. 

The use of e lec t ron ic  analog compute rs  to study the 
s tat ic  and dynamic r e g i m e s  of a i r -condi t ion ing  sys-  
terns makes  it possible  to reduce  the t ime and cost  
spent on the de te rmina t ion  of reasonab le  p a r a m e t e r s  
for such ins ta l la t ions .  

Fo r  the model ing of a i r -condi t ion ing  sy s t ems  on 
analog compute r s ,  we have to use the known physical  
p a r a m e t e r s  of the a i r  to de te rmine  other  p a r a m e t e r s .  
This involves  ce r ta in  di f f icul t ies ,  s ince the functional 
re la t ionsh ips  between the p a r a m e t e r s  of the a i r  a re  
complex and not uniquely defined, i . e . ,  some of the 
p a r a m e t e r s  of the a i r  a r e  functions of two va r i ab l e s .  

Here  we propose  a method and a scheme for a set  
of functional gene ra to r s  to der ive  the va lues  of the 
mo i s tu r e  content a (g/kg) and of the heat content i of 
the water  vapors  in the a i r  (in kea l /kg) ,  with these 
being functions of the vapor  p r e s s u r e  e (mm Hg) and 
of the r e l a t i v e  humidty of the a i r  ~(%), which is a func- 
tion of the known t e m p e r a t u r e  0 (~ and of the vapor  

p r e s s u r e  e fin mm Hg) of the a i r .  
The vapor  p r e s s u r e  e and the m o i s t u r e  content of 

the a i r  a re  r e l a t ed  by the express ion  [1] 

1.0394ap 
e mm Hg. (1) 

622,14 + a 

Solution of express ion  (1) for a yieIds 

622.14e 
a - - - - -  g /kg .  (2) 

1.0394p - -  e 

The analyt ical  re la t ionship  (2) can be achieved by 
means  of the computat ional  scheme  p resen ted  in Fig.  
l a .  The scheme includes a scale  c o n v e r t e r  with the 
t r ans f e r  constant  K1 = 3.11, an adder with the co-  
eff ic ients  K 2 = 0.05 and Ka = 0.502, two i n v e r t e r s ,  and 

a division unit. A voltage propor t ional  to 0.1 p is  
applied to the K~ input. 

Test ing the accu racy  of the computer  c i r cu i t  made 
up of e l emen t s  f rom the MN-14 analog computer  
showed that the e r r o r  in the de te rmina t ion  of a does 
not exceed =~2% of the theore t i ca l  value.  

When p is  equal to 760 mm Hg, express ion  (2) can 

be r ep laced  by the approximate  express ion  

a ~_~ 0,806e g / k g .  (3) 

In this case ,  the e r r o r  in the de te rmina t ion  of a in the 
range of va r ia t ion  in e f rom 2.5 to 35.0 mm Hg does 
not exceed • 

The block d iagram for the set  of functional r e l a t ion-  
ships i = f (e )  can be set  up in cor responding  fashion. 
The d i f ference  in the c i r cu i t s  for  the functional r e -  
la t ionships  a = f (e )  and i = f (e )  is found in the fact  that 
the coeff ic ient  K 1 in the f i r s t  case  is equal to 3.11, 
while it is equal to 1.85 in the second case ,  which fol-  
lows f rom the re la t ionship  i = 0.596 a [2]. 

The computer  c i r cu i t  used to der ive  the r e l a t ive  a i r  
humidity ~(%) must  give the exp re s s ion  

e 
~p= - -  %. (4) 

emax 

The computer  c i rcu i t  for  the der ivat ion  of ~v (Fig. 
lb) is made up of a NU-1 nonl inear i ty  unit which gives  
the re la t ionship  ema x = f (O)  whose adjus tment  char t  
is  shown in Table 1, in addition to a divis ion unit, and 
th ree  i n v e r t e r s  designed to yield the v a r i a b l e s  e, 0, 
and ema x of va r ious  signs,  s ince the mul t ip l ica t ion 
units,  the nonl inear i ty  units,  and the divis ion units of 
the analog compute r s  (according to fac tory  ins t ruct ions)  
r e q u i r e  input vol tages  which a re  v a r i a b l e s  of differ ing 
s igns .  An invest igat ion of the computer  c i rcu i t  y ie ld-  
ing express ion  (4) on an MN-14 analog compute r  showed 
that the solution e r r o r  does not exceed e2.0% of the 
calcula ted quanti ty over  a t e m p e r a t u r e  range f r o m  0 to 

5 0  ~ C .  

Table 1 

Chart  for the Adjustment  of the NU-1 
the re la t ionsh ip  emax  = f ( O ) ,  f ( O )  = 4.7V 

Quadrants 

Constraint X 

Output voltage 

Y for Xin = 

= IOOV 

Xin 2 3 

Nonlinear i ty  Unit Which P r o v i d e s  

Element no. 

7 8 4 5 6 

25.6 

-~- 4-  

11 .2 2 0 , 0  

3 1 . 3  39.1 

+ + 
31,2 40.0 

48.8 56.3 

+ 
5 2 60.0 

66.2 75.3 

+ + 
7 1 . 2  8 1 . 2  

85.3 92.2 

+ 
92.1 

96.0 
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Table 2 

Chart  for the Adjustment  of the NU-2 Nonlinear i ty  Unit Giving the 
Relat ionship o~(p = f (O),  f (O) = 16.4V 

Xin 1 Quadrants I" !+ 
Co n s t r a i n t  X - - 2 , 5  

O u t p u t  vo l tage  Y for  , 

Xin  = - 10 V - - 2 9 . 0  3 2 , 2  

O u t p u t  vol tage  Y for  

Xin  = 50 V 

2 l l  

+ + § 
-5. 0 5.O 

~ 4 .  - -  - -  

- -  --32.6[--18R 

E l e m e a t  no .  

12 13 14 15 

+ + ! +  
10,0 ~ 15.0! 20.C 

-lo,21-5. ~t-2.~ 

16 11 

+ + 
25.C , 0 . s  

- 0 .  c 0.,~ 

+ 

o.0 

0.8 

To derive ~(%), we can use a c i rcu i t  which operates  
on a different  pr inc ip le .  In this case ,  the re la t ionship  

= f ( e ,  0) (Fig. 2) is  taken f rom psychromet r i c  tables  
[3]. We see f rom Fig.  2 that ~ is a l inear  function of e 

- - / 8  

- - 8  

\ 
-fo o fo 20 3o ~o 8 

Fig. 3. Slope ~ of l ines  r ep resen t ing  
= f ( e )  at 0 = const  ve r sus  t emper -  

a ture  0 (in the scale  for a~ = IV/uni t  
and for 0 = IV/~ 

when 0 = const ,  and all of the l ines  r ep resen t ing  ~ = 
= f(e)  emanate  f rom a point with coordinates  0 and 
differ f rom each other at var ious  t empe ra tu r e s  only 
in the slope of ( ~ .  Consequently,  the analyt ical  ex- 
p ress ion  for ~ is given in the form 

-- %e %. (5) 

The scheme for the set  of the given functional r e -  
lat ionship (Fig. le)  cons is t s  of a NU-2 nonl inear i ty  
unity (the adjus tment  char t  is shown in Table 2) which 
gives the functional re la t ionship  ~ =f(O) (Fig. 3), an 

MU mul t ip l ica t ion unit  in which e is mult ipl ied by o~,  
and two inve r t e r s  which are  intended for p rec i se ly  the 
same  purposes  as in the previous  c i r cu i t s .  The ac-  
curacy  of this c i rcu i t  is  the same  as in that shown in 
Fig.  3. 

This method may be used to cons t ruc t  the block 
d iagrams of r e so l ve r s  which reproduce s i m i l a r  func- 
t ional r e la t ionsh ips ,  charac te r iz ing  the p a r a m e t e r s  of 
the a i r  (for example:  e = f(a) ;  e = f ( i )  ; e = f (0 ;~)  etc.).  

NOTATION 

a is the a i r  humidity,  g/kg;  i is  the heat content of 
the water vapor in a i r ,  kcal /kg;  e is the vapor  p r e s -  
sure ,  m m  Hg; ~ is the re la t ive  humdity,  %; 0 is the 
t empera tu re  of a i r ,  ~ p is  the b a r o m e t r i c  p r e s s u r e  
of a i r ,  m m  Hg; ema x is the max imum vapor p r e s s u r e  
in a i r  at given t empera tu re ,  m m  Hg; ~0  is the slope 
of the s t ra ight  l ines  r ep resen t ing  ~ = f(e)  at 0 = eonst .  
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