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Studies cons ider ing  the contro l  of re la t ive  humidity a r e  analyzed. 

The published s tudies  on cont ro l  of the re la t ive  humidity of a i r  with which the authors  a re  f ami l i a r  
do not analyze cont ro l  accuracy ,  so that e r roneous  data a re  of ten given for  humid i ty -var ia t ion  e r r o r s ,  
and unvalidated ave rage  values a re  f requent ly  used. 

A typical  example  is furnished by the e r r o r  made in es t imat ing  the accuracy  of p s y c h r o m e t e r s  in 
me teo ro logy  [1, 2], where  i t  is assumed that when the t e m p e r a t u r e  is read  f rom dry-bulb  and wet-bulb  
t h e r m o m e t e r s  (with an e r r o r  of +0.1~ the re la t ive -humid i ty  m e a s u r e m e n t  is made with an e r r o r  of 
�9 1%. This is only valid fo r  a nar row range of t e m p e r a t u r e s  and at low humidi t ies ,  as  may eas i ly  be shown 
(see Table  4). 

Our purpose  is to make  a theore t ica l  compar i son  of the possible  e r r o r s  in de termining  the re la t ive  
humidity of a i r  (the cont ro l  p r o c e s s e s )  when re l a t ive -humid i ty  s enso r s ,  p s y c h r o m e t e r  s e n s o r s ,  and dew-  
point s e n s o r s  a re  used, and when s tandard data a r e  p roces sed  to e s t ima te  the accu racy  with which re la t ive  
humidi ty is de te rmined .  

The re la t ive  humidity of the a i r  is found or control led d i rec t ly  or  indirect ly by means  of pa i r s  of 
the rmodynamic  quant i t ies  adequately c h a r a c t e r i z i n g t h e  s ta te  of the a i r .  These  pa i r s  a re :  a) the dew point 
and the t e m p e r a t u r e  of the a i r ;  b) the wet -bulb  and d ry -bu lb  t empe ra tu r e .  

Within the range of m e a s u r e m e n t  or  contro l  e r r o r  fo r  each of the p a r a m e t e r  pa i r s ,  all s ta tes  of 
the a i r  may be r ep re sen t ed  in the coord ina tes  of these p a r a m e t e r s  on a graph (i, x) as a c l imat ic  region 
(Fig. 1). We analyzed these regions ,  de te rmin ing  the max imum control  deviat ions exp re s sed  in percen t  
of re la t ive  humidity.  

The s ame  region may  be de te rmined  for  contro l  of re la t ive  humidity by the d i rec t  method and for  
s imul taneous  t e m p e r a t u r e  control .*  F o r  constant  mo i s tu r e  content,  the re la t ive  humidity of a i r  is uniquely 
assoc ia ted  with the t e m p e r a t u r e ,  so that very  accura te  re la t ive -humid i ty  control  depends solely on the 
t e m p e r a t u r e  deviat ions.  

The calcula t ions  were  c a r r i e d  out by digital compu te r  and were  based on s tandard data calculated 
a t  the State Hydrologica l  Meteoro logica l  Insti tute (Warsaw) with al lowance for the G o f f - G r a t s c h  equation 
[3-6]. These  data take the fo rm of a sa tura t ion  curve  in the -50  to +50~ t e m p e r a t u r e  range.  

F o r  w a t e r  we have 

1~ (1-- T' )'5"028001~ ( - ~  ) -= 

X [1--10-8"296 ( ~,  --1) ] -~ 0.42873"10"3 [10t'7695~ (1-- ~ )--1 ] ~-0,78614; 

*The a r r a n g e m e n t  used to contro l  re la t ive  humidity when there  is no need for  t e m p e r a t u r e  control  is un- 
c h a r a c t e r i s t i c  and shal l  not be cons idered  here.  
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Fig .  2 

F ig .  1. G r a p h  f o r  t h e r m o d y n a m i c  p r o p e r t i e s  of m o i s t  a i r  (i - x )  wi th  i n d i -  
ca t ed  c l i m a t i c  r e g i o n s  ob ta ined  by v a r i o u s  t ypes  of c o n t r o l  s y s t e m s .  P a i r s  
of q u a n t i t i e s :  a) t " ,  t; b) t ' ,  t; c) e,  t, t ,  ~ i ,  k J / k g ;  x, g / k g .  

F ig .  2. G r a p h  of the  func t ion  /xm = f(A) fo r  t o = 1 0 . . .  50~ and % = 30 
. . . 70%. Solid c u r v e )  t = 10~ d a s h e d  c u r v e )  t = 50~ the n u m b e r s  on the 
c u r v e s  ind ica t e  9J in %. a~o, %; At,  ~ 

and c o r r e s p o n d i n g l y ,  f o r  i ce  

+ 0 . 8 7 6 8 2 i l - -  ~ 7 ) ~ -  0,78614. 

The  fo l lowing  me thod  was  used  to c a l c u l a t e  the r e l a t i v e - h u m i d i t y  i n c r e m e n t s  in the - 5 0  to +50~ 
t e m p e r a t u r e  r a n g e  and the 10 to 90% r e l a t i v e  h u m i d i t y  r a n g e  as  a funct ion  of  the t e m p e r a t u r e  i n c r e m e n t s .  

F o r  ~ > 0 and when  (t + At) > t,  we  have  

A ~ -  ~ ( 1 - -  e~(t) ) .  
e w (t _ At) ' 

f o r  
A~o < o, (t - -  At) < t 

e~ (t) 
a~  = q ~ O - -  " e ~ ( t _  at) ) " 

T a b l e  1 and F i g .  2 show the r e s u l t s  of  the c a l c u l a t i o n s  fo r  t h r e e  t e m p e r a t u r e  i n c r e m e n t s  (0.1, 0.5, 
and 3~ 

The  fo l lowing  m e t h o d  w a s  used  to c a l c u l a t e  the l i m i t i n g  v a l u e s  of the e r r o r  in d e t e r m i n i n g  of  r e l a -  
t i ve  h u m i d i t y  fo r  s y s t e m s  m e a s u r i n g  the dew po in t  t" and the a m b i e n t  t e m p e r a t u r e  t. 

We find e(t)  = (Pew(t) f o r  the g iven  t e m p e r a t u r e  t and the a s s u m e d  r e l a t i v e  h u m i d i t y .  

T a k i n g  e(t)  = ew( t" ) ,  we d e t e r m i n e  t" fo r  the  va lue  of  ew(t  ~) ob ta ined  on the s a t u r a t i o n  c u r v e .  

We find the v a l u e s  of  ew(t  ~ + At")  on the s a t u r a t i o n  c u r v e .  

We c o m p u t e  

A(p > 0 f o r  I At" I = I at  I, 

G (t" - -  2V') Aq~ = (9 - -  �9 100 
e w (t + At) 

1475 



TABLE 1. Deviation in Relat ive Humidity • (in --50 to +50~ 
t empera tu re  range and 10 to 90% rela t ive-humidi ty  range) as a 
Function of Tempera tu re  At 
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t ,  ~ 20 30 40 50  60 

AqL % for At= +O,I~ 

--50 --0,13 
--40 0,12 

--0, 11 
--30 0,10 

--0,I0 
--20 O, 10 

--0., tO 
. --10 0,09 

--0,09 
0 0,08 

--0,07 
10 0,07 

--0,07 
20 0,06 

--0,06 
30 0,06 

--0,06 
40 0,05 

--0,05 
50 0,05 

--0,05 
--50 --0,60 
--40 0,58 

--0,55 
--30 0,53 , 

--0,51 
--20 0,49 

--0,46 j 

--10 0,45', 
--o,43i 

0 0 42 
-0;36 1 

I0 0,34 
--0,33 

20 0,32 
--0,30 

30 O, 29 
--0,28 

40 0,27 
--0,26 

50 0,25 
--0,24 

---50 --3,06 
--40 4,09 

--2,85 
--30 3,72 

--2,65 
--20 3,38 

--2,48 
--10 �9 3 , 0 9  

--2,31 
0 2,84 

--I 94 
10 . 26 -j so 

97 2o _; 

30 1 t 90 
- -  57 

40 11 76 
t6 

50 __~ 52 
37 

--0,2• 
0,2,~ 

--0,2~ 
0,21 

--0,21 
0,1~ 

--0,1~ 
0, I~ 

--0,1~ 
0,17 

--0,14 
0,13 

--0,13 
0,12 

--0,12 
0,12 

--0, It 
0,11 

---0,11 
0,10 

--0,10 
--1,19 

1,15 
--1,10 

1 ,07  
--1,01 

0,98 
--0,94 

0,91 
--0,87 

0,84 
--0,72 

0,68 
--0,66 

0,63 
--0,61 

0,58 
--0,56 

0 54 
--0:53 

0,50 
--0,49 
--6,13 

8,19 
--5,70 

7,43 
--5,31 

6,77 
--4,95 

6,18 
--4,63 

5,68 
--3,88 

4,51 
--3,60 

4,14 
--3,36 

3,80 
--3,13 

3,51 
--2,93 

3,25 
--2,74 

--0,38 
0,35 

.--0, 33 
0,3I 

--0,3l 
0,29 

--0,29 
0,27 

--0,27 
0,25 

--0,22 
0,20 

--0,20 
0,19 

--0, t9 
0,17 

--0,17 
0,16 

--0, t6 
0,15 

--0,15 
--1,79 

1,73 
--I  ,66 

1 ,60  
--1,52 

1,48 
--I ,40 

1,36 
--1,30 

t,26 
1,07 
t 02 

--0]99 
0,95 

--0,9t 
0,88 

- 0,85 
0,81 

--0,79 
0,75 

--0,73 
--9,19 

12,28 
--8,55 
11,15 

--7,96 
10,15 

~7,43 
9,28 

--6,94 
8;51 

--5,81 
6,77 

--5,41 
6,20 

--5,03 
5,71 

--4,70 
5,27 

--4,39 
4,87 

--4,11 

--0,50 
0,46 

--044 
0,42 

--0,4t 
0,38 

--0,38 
0,36 

--0,35 
0,33 

--0,29 
0,27 

--0,27 
0,25 

--0,25 
0,23 

--0,23 
0,21 

--0,21 
0,20 

- -0 ,20  
- -2 ,39  

2,3t:  
--2,21 ] 

2,14 
~2,03 

1 , 9 7  
--1,87 

1 , 8 2  
--1,73 

1,68 
--1,43 ] 

1 ,37  
--1,32 

1,26 l 
--I ,221 

1,171 
--1,13 I 

1 , 0 8  
--1,05 

1,01 
--0,98 
--12,25 

16,38 
-11,40 

14,87 
-10,61 

13,53 
--9,91 

t2,37 
--9,26 

11,35 
--7,75 

9,02 
- 7 , 2 l  I 

8,27 I 
- 6 , 7 l  I 

7,6tl 
- 6,261 

7,02 / 
- 5,851 

6,49 I 
- 5,481 

. 

70 80 

[ 
--0,63 --0,75 I --0,88 : 

0,58 0 69 ! 0 81 
- o , ~  -0:66 i - o : 7 7  

0,52 0,62 0,73 
--0,52 --0,62 --0,73 

0,48 0,58 0,67 
--0,48 --0,57 --0,67 

0,45 0,54 0,63 
--0,44 --0,53 --0,62 

0,41 0,50 I 0,58 : 
--0,36" --0,43 - -0 ,51  

0,34 0,40 0,47 
--0,33 --0,40 --0,47 1 

0,31 . 0,37 0,43i 
--0,3t ---0,37 --0,43 i 

0,29 0,35 0,40 
--0,29 --0,34 --0,40 I 

0,27 0,32 0,37 
--0,27 --0,32 I --0,37 

0,25 0,30 0,35 
--0,25 --0,30 --0,35 
--2,98 --3,57 --4,18 

2,88 3,46 4,04 
-2,76 --3,31 --3,86 

2,67 , 3,21 3,74 
--2,53 --3,04 --3,55 

2,46 2,95 3,44 
--2,34 --2,81 ~3,28 

2,27 2,73 3,t8 
--2,17 --2,60 --3,04 

2,11 2,53 2,95 
--1,79 --2,15 --2,50 ] 

1,71 2,05 2,39 I 
- - t , 6 4  --1,97 --2,30 t 

1 , 5 8  1 ,89  2,21 ] 
--t,52 --1,83 --2,13 I 

1,46 = 1,75 2,04 
--1,41 --1,69 --1,98 

1,35 1,62 1,90 
--1,31 ~1,58 --1,84 

1,26 1,51 t 1,76 
--1,22 --1,47 --1,71 1 

I 

--15,3") --18,381 --21,44 
20 ,:47. 24,57 28,66 

--14,25 ~17,10 --19,96 
18,59 22,30 26,02 I 

--13,27:--15,92 --18,58 
16,92: 20,30 23,68 

--12,3& --14,86 --17,34 
1:5,46 ~ t8,55 21,64 ] 

- -  11,57 i --13,88 --16,20 
14',19 " t7,03 19,86 

--9~69 L-11,63- --13,56 
1F,28 13,53 15,79 

--9,01 --10,81 --12,6t 
10,34 12,411 t4,48 

--8,39 --10,07 , --11,75 
9,51 11,411 13,31 

--7,83 --9,39 --10,96 
8,78 10,53 12,29 

--7,32 --8,78 1--10,24 
8,12 9,74 II ,37 

-6,85 --8,22 I.--9,59 

- -  1 ,00  

0,92 
--0,88 

0 83 
--0,83 

0,77 
--0,77 

0,71 
--0,71 

0,66 
--0,58 

0,54 
--0,53 

0,50 
--0,49 

0 ,46  
---0,46 i 

0,43i 
--0,43 ] 

0,40 
--0,40 
--4,77 

4,61 
--4,42 

4,28 
--4,06 

3,03 
--3,74 

3,64 
--3,47 

3,37 
--2,86 

2,73 
--2,63 

2,52 
--2,43 

2,33 
--2,26 

2,17 
--2,10 

2,01 
--I ,96 
--24,51 

32,76 
-22,81 

29 74 I 
--2i 123 I 

27,06 
--19,81 

24,74 
--18,51 

22,70 
--15,50 

18,04 
--14,41 

16,54 
-13,42 

15,22 
-12,53 

14,04 
--11,71 

12,99 
--10,96 

90 

- -1 , !3  
1 ,04  

---0,99 
0,94 

--0,93 
0,86 

---0,86 
0,80 

---0,80 
0,74 

--0,65 
0,61. 

---0,60 
0,56 

--0,56 
0,52 

--0,51 
0,48 

--0,48 
0,45 

---0,45 
--5,37 

5,19, 
--4,97 

4,81 
--4,56 

4,43 
--4,21 

4,08 
--3,90 

3,79 
--3,22 

3,07 
--2,96 

2,84 
--2,14 

2,63 
--2,54 

2,44 
--2,36 

2,26 
--2,20 
--27,57 

36,85 
--25,66 

33,45 
--23,88 

30,45 
--22,29 

27,83 
--20,83 

25,54 
--17,44 

20,30 
--16,22 

18,61 
--15,10 

17, 12 
--14,09 

15,80 
--13,17 

14,61 
--t2,33 



T A B L E  2. Limit ing Values  for  E r r o r  in Control  of Relat ive  Humid-  
ity for  Sys t ems  Measur ing  Dew Point  t" and Ambient  Temperature  t 

�9 1 0  

~,% 

2oI o 6o 7oi8o I 
&tp, % for lAt" l=]At[  

5oi i 
=0,1 ~ 

--0,97 --1,17 t 
0,99 1,18 

1 --0,91 --I ,08 
0,92 l, t0 

--0,79 --0,95 
0,86 1,02 

--0,7l --0,82 
0,70 0,84 

--0,64 --0,78 
0,65 0,77 

--0,60 --0,71 
0,60 0,72 

--0.56 --0,66 
O ,56 0,67 
0,52 0,62 

= 0,5 cC 
--5.61 

6,18 
--5,21 

5,70 
--4,58 

5,27 
--4,00 

4,29 
--3,72 

3,96 
--3,49 

3,67 
--3,22 

3,40 
3,17 

3, ~ 

--20 

~I0 

0 

I0 

20 

30 

40 

50 

--20 

--I0 

0 

I0 

20 

30 

40 

5O 

--20 

-- |0 

0 

I0 

2O 

3O 

4O 

50 

--0,21 
0,23 

--0,19 
0,20 

--0,17 
O, 18 

--0,16 
0,16 

--0,15 
0,15 

--0, t4 
0 14 

--0:12 
O,13 
0,12 

--1,00 
1,12 

--0,93 
1,03 

--0,83 
0,96 

--0,78 
0,84 

--0,73 
0,79 

--0,69 
0,74 

--0,60 
0 64 
0160 

--4,70 l 
8,82 ] 

--4,45 1 
7.99 ] 

--4,05 [ 
7.30 
3,48 
6,23 
3,66 
5,74 
3,48 
5,32 
3,15 
4,51 
4,181 

--0,41 
0,42 

--0,3S 
"0,38 

--0,33 
0,36 

--0.31 
0,31 

--0 29 
0129 

--0,25 
0,25 

--0 24 
0124 
0,22 

--I ,95 
2,16 

--I ,82 ] 
2,00 1 

--1,61 
t,85 

--1,50 
2 '  1,6 i 

--1,41 
1,52 

- -  1,23 
1,3l 

--t,15 
i ,22 
t ,14 

- -0 ,60  
0,60 

--0,56 
0,56 

--0,49 
0,53 

--0,46 
0,46 

--0.40 
0140 

--0,80 
0,80 

~3,73 
0,75 

--0,64 
0,69 

--0,60 
0,61 

--0,52 
0,53 

--0,37 --0,48 
0,37 0,49 

--0,35 --0,45 
0,34 046 
0,33 0,43 

aqD, % for Ik t " f= Ia t  
--2,88 --3,80 --4,71 

3,18 4,18 5,19 
--2,68 --3,53 --4 37 

2,94 3,87 4:79 
--2,36 I --3,11 --3,85 

2,72 I 3,59 4,43 
--2,22 I -.2,91 --3,57 

2,39 / 3,14 3,61 
--1,94 ] --2,54 --3,13 

2,07 I 2,71 334 
--1,81 ] --2,36 --2,9I 

1,92 * 2,51 3,09 
--t,69 --2,21 --2,72 

1,79 2,33 2,87 
1,66 2,17 2,67 

A~, % for I ht"i := I At [ =: 3~ 
--9,19 --13.63 

16,98 24,92 
--8 71 --12,89 

15:37] 22:55 
--7,90 I --1t,67 

13.99 20,51 
---7149 I --II,06 

11,94 17,47 
--7 1I --10,12 

10154 14,75 
--6 36 I --9,34 

9129 13,51 
--6,011 --8,8i 

8,55 12,43 
7,90 I ll,47 

--18,02 1 --22,37 
32,72 40,41 

--15,62 ! -- 19.09 
26,91 i 33,22 

--t4,58 i --18,05 
22.67, 25,99 

--13102 / --I6,09 
19,261 23,68 

--12,26[ --15.I4 
17,63 i 21,67 

-- l t  ,551-14,25 
16,20| 9,90 
14,94 t 18,34 

--26,69 
48,02 

--25,20 
43,41 

--22,75 
39,46 
20,52 
30,79 
19.13 1 
28,04 
17,98 
25,65 
16,92 
23,54 
2l ,69 

--1,35 --1,53 --I,72 
1,37 1,55 1,75 

--1,25 --i,43 --1,59 
1,27 1 44  1,62 , 

--1,10 --1,24 --I,39 
1,18 1,34 1,50. 

~0,95 --1,08 --1,2[ 
0196 1,09 1,22' 

--0,88 --1,00 --l,12" 
0,89 1,01 t .13" 

--0,82 --0.93 --1,03 
0,83 0,94 1,05 

--0,76 --0,86 1--0,96 
0,77 0,87 ~ 0,97 
0,72 0,81 ! 0,90 

--6,50 --7,39 --8,27 
7,16 8,13 9,11 

--6 04 --6,86 --7,68 
6160 7,50 8,39 

--5,3t --6,03 --6,75 
6,11 6,94 7,76 

--4,63 --5,25 --5.87 
4,96 5,62 6,28 

--4,30 --4,87 --5 44 
458 4,19 5179 

--3,99 --4,53 /--5.05 
4,24 4,80 5135 

--3,72 --4.22 --4,71 
3,93 4,45 4,96 
3,65 4,14 4,61 

--30 97 --35,27 --39,53 
55:571 63.06 70,49 

--29,25 i --33,29 --37,30 
50,23] 56,98 63,69 

--26,39 t --30,01 --33 fit 
45,64 51,37 55 4I  

/ 

--23,58 { --26,78 --29,95 
35,53/ 40,22 44,87 

---22,14 / --25, t2 --28,09 
32,35] 36,61 40,83 

--20,80] --23,60 --26,38 
29,57 33 ,46  37,80 

--19,57 --22,19 --24,79 
27,14 30 ,69  34,21 
24,99 28,251 -- 

and 

Acp < 0 fo r  t At" i = I At t, 

Aq~ = q~ ew (t" @ At") . 100. 
e~ (t - -  at) 

Table 2 shows  the calculated resu l t s  for three temperature  increments  (0. i ,  0.5, and 3~ 

The resu l t s  shown in the table may  be used to judge the rel iabi l i ty  of data from m e a s u r e m e n t s  in a 
c l imate  chamber  (Table 3). 

The fol lowing method is  used to calculate  the l imit ing va lues  of re la t ive -humidi ty  deviat ions  in p s y -  
e h r o m e t e r  s y s t e m s .  

The va lues  of e(t,  t') and e(t + At, t' --At') ,  and e ( t - -At ,  t' + At') are  taken from p s y c h r o m e t r i c  tables 
[7]. 
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T A B L E  3. L i s t  of C la imed  Data for  A c c u r a c y  of Re la t ive  Humid i ty  

+ A~o in  C l ima t e  C h a m b e r s  (with dew-po in t  s e n s o r s  used) 

Chamber Data Should be 

t, ~C 10% 98% t, ~ t0% 98% .'( 

l<ad Weiss 
-Gr/inbach--Osterreich 
Klimamess- und 
?Ktirnaprfi fschra nk e 
Type-300 AB/30 Jbl 
..At • 0,2 ~ 
.At" + 0,2 ~ 

--30 
--10 
+10 
+95 

. + 1 %  

--30 
--1O 
+10 
+95 

0,5 4,0 
0,4 3,4 
0,3 2.6 
0,1 0,7 

We c a l c u l a t e  

e(t, t') 

e w (t) 
�9 I 0 0 .  

We find Aq~ > 0 fo r  IAt[ = IAt ' l :  

and A~r < 0 for  I Atl = f A t ' h  

e (t At, t' -- At') . 100 -- {p {p= 
e~, {t At) 

e(t + At, / ' - - A t ' )  . 1 0 0 - - %  
ew (t + At) 

Tab l e  4 shows the ca l cu l a t ed  r e s u l t s  for  t e m p e r a t u r e  i n c r e m e n t s  of 0.1, 0.5, and 3~ 

As we have noted,  the s m a l l e s t  e r r o r  in humid i ty  m e a s u r e m e n t  o c c u r s  when  the e r r o r s  in  the s y s t e m s  

r e g u l a t i n g  both t e m p e r a t u r e s  a r e  of opposi te  s ign.  

T A B L E  4. L i m i t i n g  Values  fo r  E r r o r  in R e l a t i v e - H u m i d i t y  Con t ro l  
for  S y s t e m s  M e a s u r i n g  D r y -  and W e t - B u l b  T e m p e r a t u r e  t v 

. .v , [  0., I 

18,7 I --4,8 
45,1 [ --5,t 
72,2 --5,4 
�9 8 6,0 --5,4 

11,2 
:38,9 
68,4 
,83,9 

16,9 
.41,8 
.59,9 
:89,4 

15,0 
.36,9 
62,2 
91,8 
'8,5 

30, 3 
58,0 
93,2 

4,7 
5,0 
5,3 
5,4 

--2,3 1 2,2 --2,6 2,5 
--2,9 2,8 
--3,1 3,0 

-- t ,3 
--1,6 
--I ,8 
--2,1 

--0,8 
--1,0 
--I ,3 
--1,6 
--0,5 
---0,7 
--1,0 
--1,3 

1,3 
1,6 
1,7 
2,0 

0,8 
1,0 
1,3 
1,6 
0,5 
0,7 
1,0 
1,3 

At, ~ 

I 0 ,5  
I 

Aq~ for t=--10~ 
--24,7 
--26,2 23,9 
--27,8 25,4 

- -  2 6 ,  1 

Atp, % for t : 0  ~ 
--11,8 10,7 
~13,4 12,1 
--t5,0 13,7 
--16,1 14,5 

Aqg, % for t--10 ~C 
--6,8 6,3 
--8,1 7,5 
--9,0 8,4 

--10,6 9,9 

A(p, % for t :20 ~ 
--4,2 3,9 
--5,3 5,0 
--6,6 6,2 
--8,2 7,7 
--2,5 2.4 
--3,6 3.4 
--5,0 4.7 
--6,8 6~4 

--88,8 

--49,4 
--58,2 

--30,3 
--37,9 

---8,1 
--25,4 
--34,9 

68,1 
72,4 

38,0 
42,7 
50,4 

25,4 
31,9 
39,6 

t 7 , 4  
24,4 
33,4 

8,4 
24,0 
�9 45,6 
.75.7 

'l ~0,3 
--0,4 
--0,6 
--0,9 

Aq), % for 
--1,3 
--2,0 
--3,0 
--4,4 

t=5O ~ 
--8,9 

--13,8 
--20,6 
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Fig, 3. Control sys tem of Climate unit with clew-point 
sensors  within chamber ;  t, ~ i, k J / k g ;  x, g / k g .  

It follows from what we have said that for regulation in a system using measurements  and using the 
e r r o r  in the wet-bulb depress ion,  re la t ive-humidi ty  control  will be twice as accurate .  As an example,  if 
the wet-bulb depress ion is controlled to within •176 the e r r o r  in re lat ive-humidi ty  control  will be the 
same as for  control  of we t -  and dry-bulb  tempera tures  to within •176 

Examples of Determination of E r r o r  in Control of Air  Relative Humidity in Control led-Climate 
Systems.  The cl imate regions shown in Fig. 1 may be real ized by different types of control .  F igure  3 
shows a sys tem for controll ing the dew point and s t ream tempera ture  in cl imate equipment and the pattern 
of changes in the state of the air  during es tabl ishment  of the climate.  The graph of the a i r - s t a t e  changes 
indicates the cl imate region maintained by the control  system. It is bounded by the i so therms  for the t em-  
pera ture  of the t - chamber  within the l imits of the deviations and by the x-cons t  lines, which correspond to 
the maximum deviations of the dew points t" in the chamber.  

Figure  4 shows the control  system for a different type of cl imate equipment, for which it is difficult 
to determine the cl imate region by mathemat ica l  calculation. In this sys tem,  the controlled space contains 
only the the rmomete r  belonging to the t empera tu re -con t ro l  sys tem,  while the the rmomete r  used to measure  
the dew point is located beyond the spray chamber  in which the process  of adiabatic humidification is 
ca r r i ed  out. The cl imatic  region is marked off by the i so therms  for  the limiting tempera tures  t maintained 
in the controlled space, and by the constant-humidity lines x corresponding to the limiting deviations in the 
temperature t c beyond the spray chamber, at the so-called chamber point. As we know, these temperatures 
are equal to the dew points on|y when the air is moistened to a state of relative-humidity saturation (~ 
= 100%). Then, when x = f(t") is known, the determination of the x-const line presents no problems. Actu- 
ally, air saturation does not exceed 96% (depending on chamber efficiency), and the unknown pattern of the 
function x = f(t c) and the associated limiting deviations in x hinder both exact determination of the climate 
region and evaluation of the accuracy of humidity control for this system. 

The accuracy with which the relative humidity is controlled by the system shown in Fig. 4 may be 
estimated approximately if we assume that the chamber point moves along a curve parallel to the saturation 
curve. Such an assumption is permissible for a specified chamber spray coefficient. Then the system 
shown in Fig. 4 may be treated like that shown in Fig. 3. 
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Fig.  4. Control  s y s t e m  of c l imate  unit with dew-point  
s e n s o r s  beyond sp ray  chamber ;  t, ~ i, k J / k g ;  x, g 
/kg. 

The calcula t ions  show that  the theore t ica l ly  poss ib le  accu racy  of humid i ty -cont ro l  using r e l a t i v e -  
humidi ty and t e m p e r a t u r e  s e n s o r s  is f a r  be t t e r  than the accu racy  attained by using dew-point  s enso r s  or  
p s y c h r o m e t e r  s e n s o r s  of the s a m e  accu racy  as  the t e m p e r a t u r e  s enso r s .  As an example ,  fo r  a t e m p e r a -  
t u r e -con t ro l  a ccu racy  of •176 (under conditions of 20~ and 50% re la t ive  humidity),  we have the following 
m a x i m u m  deviat ions in a r e l a t ive -humid i ty  contro l  sys t em using the following s enso r s :  re la t ive  humidity 
+A~p = +1.58% and -~q~ = -1.52%; dew-point  + A~ = +3.3% and -Aq~ = -3.13%; wet-bulb  t e m p e r a t u r e  (psy-  
c h r o m e t e r )  +A~ = +5.8%, and -A(p = -6.0%. The d i sc repanc ie s  indicated above a r e  s t i l l  g r e a t e r  for  nega-  
tive t e m p e r a t u r e s  (for example ,  at -10~ all o ther  conditions being equal. The m a x i m u m  r e l a t i v e - h u m i d -  
ity deviat ions for  the var ious  s e n s o r s  a re :  r e l a t ive -humid i ty  +/x~o = +2.27% and - A ~  = ,2.17%; dew-point  
+A~ = +4.79% and +A~ = -4.37%; wet -bu lb  t e m p e r a t u r e  +A~0 = +24% and -/xq~ = -26.3%. 

T h e  p rac t i ca l  r e s u l t  of the cons idera t ion  of c l imate- -es tab l i shment  a ccu racy  was a de te rmina t ion  of 
the t e m p e r a t u r e  deviat ions that may  be allowed in full c l imate--control  s y s t e m s  (by the "dew-point"  method 
fo r  example)  fo r  speci f ied  r e l a t ive -humid i ty  to le rances  of 2-4% (used in 40% of the e lec t ron ics  industry,  
30% of  the texti le indust ry ,  and 50% of the photochemical  industry [87); the e r r o r  in dew-point  and a i r -  
t e m p e r a t u r e  regulat ion should not exceed 0.5~ (Table 2). 

The p e r m i s s i b l e  t e m p e r a t u r e  e r r o r s  fo r  exact  p s y c h r o m e t r i c  m e a s u r e m e n t s  have been de te rmined  
by analyzing the re la t ionsh ips  between the e r r o r s  in m e a s u r e m e n t  of d r y -  and wet -bulb  t e m p e r a t u r e  and 
the resu l t ing  e r r o r s  in re la t ive  humidity.  As an example ,  for  t h e r m o m e t e r s  accu ra t e  to +0.1~ the r e l a -  
t ive-humidi ty  e r r o r  in m e a s u r e m e n t s  by p s y c h r o m e t e r  may  r each  2% in the 10-30~ t e m p e r a t u r e  range,  
and not •  is often said in m a n u f a c t u r e r ' s  l i t e ra tu re  and published studies .  

i is the enthalpy of a i r ,  k J / k g ;  
x is  the m o i s t u r e  content ,  g / k g ;  
e w is the sa tu ra ted  vapor  p r e s s u r e ,  mha r ;  

N OTA T ION 
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t 
t o 

t" 
At 
T 
T ~ 
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1~ 

2. 
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i s  the 
is the 
is the 
is the 
is the 
is the 
is the 
is the 
is the 
is the 

partial  vapor pressure ,  mbar; 
relative humidity, %; 
relative-humidity gradient, %; 
d ry -a i r  temperature,  ~ 
wet-butb temperature,  ~ 
dew-point, ~ 
temperature gradient, ~ 
temperature; 
triple-point temperature,  T' = 273.16~ 
working parameters  of moist air. 
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