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We examine the cons t ruc t ion  and appl ica t ion  of p ro j ec t i ve ly  t r a n s f o r m e d  d i a g r a m s  of s ta te  
for  b inary  m i x t u r e s  in the case  of a constant  total  p r e s s u r e .  A new form of the enthalpy 
d i a g r a m  - the composi t ion  of the humid a i r  - is p r e sen t ed  in Appendix 1. 

Int roduct ion.  In this p a p e r  we examine  a ra t ional  method known in England as  the Stroud Convention 
[1, 2] and in G e r m a n y  as  Rechnen mi t  Gr~ssengle ichungen [3], on the bas i s  of which we introduce the p r o d -  
uct of ce r t a in  units of m e a s u r e m e n t  in such a manner  that the quanti t ies  GA and GB of two subs tances  A 
and B a re  a s sumed  to exhibi t  d i f ferent  phys ica l  d imens ions .  As a consequence of this concept  we find~ that 

-the quanti t ies  GA and G B cannot be compared ,  and m o r e o v e r  it becomes  i l logica l  to use such quanti t ies  a s ,  
for  example ,  "a kg of m i x t u r e , "  s ince the r e l a t ive  composi t ion  of the mix ture  changes dur ing the course  of 
the examinat ion .  

P ro j ec t i ve  T r a n s f o r m a t i o n s  of Scales  for  B ina ry -Mix tu re  D i a g r a m s .  We examine a d i a g r a m  (see Fig .  
1) in which the coord ina tes  r e p r e s e n t  the quant i t ies  G A and G B forming  the m i x t u r e ,  with G A and G B e x -  
p r e s s e d  in units denoted by U A and U B. In spec i f ic  ca ses  U A and U B mus t  be r ep laced  by the co r re spond ing  
notat ion which indica tes  the d imens ions  of the units and the ident i f icat ion of the subs tances ,  e .g . ,  kg of d ry  
a i r  o r  kg (or g) of H20. If the quant i t ies  A and B a re  understood to r e f e r  to f lows,  the quant i t ies  G A and G B 
can r e p r e s e n t  the quant i t ies  A and B pa s s ing  through some t r a n s v e r s e  c r o s s  sec t ion  with a ce r t a in  in te rva l  
of t ime .  M o r e o v e r ,  we can introduce new notat ion,  le t  us say GA and GB, and analogous ly  UA and IJB. 

The points  on the pos i t ive  coordinate  axes  in the f igure r e p r e s e n t ,  r e s p e c t i v e l y ,  the quanti t ies  A and 
B. Al l  of the points  for any s t r a igh t  r ay  f rom the coordinate  or ig in  to the quadrant  between these two ha l f -  
axes  at the coord ina tes  r e p r e s e n t  a mix ture  of the same re la t ive  composi t ion ,  with the re la t ionsh ip  b e -  
tween the coord ina tes  for  each  point on the ray  remain ing  the s a m e .  

The var ious  r e l a t ive  compos i t ions  can thus be de sc r ibed  by a c l u s t e r  of r ays  emanat ing  f rom the 
coord ina te  o r ig in ,  as  shown in the f igure .  However ,  s ince each ray  is uniquely defined by any of i ts points  
in space ,  another  more  p r a c t i c a l  method of desc r ib ing  the sequence for  the r e l a t ive  composi t ion  is doubt-  
l e s s l y  r e p r e s e n t e d  by a s e r i e s  of such poin ts ,  which co r r e spond  to the in t e r sec t ion  of the r ays  by any chosen 
s t r a i g h t  l ine drawn through these poin ts .  The l ines  in t e r sec t ing  the c l u s t e r  ~)f r ays  will  subsequent ly  be 
r e f e r r e d  to as  the "scale  l i ne s . "  A s  an example  the f igure shows four sca le  l ines ,  beginning with the point 
G A = 1UA on the G A ax i s .  Three  of these l ines  a r e  drawn to the point G B - k on the G B ax is ,  with k se t ,  
r e s p e c t i v e l y ,  equal to 0.5U B, 1UB, and 1.5U B. F o r  the sake of b rev i ty ,  these l ines  may be r e f e r r e d  to as 
the sca le  l ines  for  k = 0.5U B, 1U B, and 1.5UB. The fourth sca le  line is drawn p a r a l l e l  to the G B axis  and 
it can be r e f e r r e d  to as  the sca le  line for  k = co. 

Const ruct ion  and Calculat ion of P r o j e c t i v e l y  T r a n s f o r m e d  Scales  for  a Component Ratio x = GB/GA_. - 
The quanti ty G B on the sca le  line for  k = ~o (see Fig .  1) v a r i e s  l i nea r ly ,  whereas  the quanti ty GA is constant .  
It is  the re fo re  logical  to plot  a uniform sca le  on this l ine for  the va r i ab le  x, e x p r e s s i n g  the r e l a t ive  compo-  
s i t ion  by the re la t ionsh ip  

x = G B / G ~ .  (1) 

In this case the scale differs from the scale for G B on the axis of abscissas (see the figure) only in terms 
of the unit of measurement, and namely, instead of U B we have UB/U A . 
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Fig. i. Construction of the projectively transformed x scales. 

The use of the variable x determined in this manner is particularly useful in processes with varying 

x, when some quantity B is fed into or removed from the mixture, and where G A remains constant. As 

examples of such processes we can cite (in the cases of mixtures of dry air and H20 ) the addition of mois- 
ture to and the removal of moisture from humid air. The latter may be associated, for example, with the 

drying of a material, and also with the processes taking place in cooling towers, and the like. 

Extending the rays, as shown in the figure, from the coordinate origin to the point corresponding to 

the sequence of x values (on the x scale) for k = ~, we obtain a cluster of rays which can be enumerated, 

as can their end points on a uniform x scale, or its extension. 

The sequence of x-enumerated points, formed by the intersection of the x-enumerated rays of the 

scale line drawn for the finite parameter k, for example, of one of the three indicated in the figure, ob- 

viously produces a projeetively transformed nonuniform x scale. 

To compare the nonuniform scales derived in this manner, we can examine the distances between the 

scale points from the lines for k = ~ in the form 

g = 1 - -  G J U  A, (2) 

where G A represents the ordinate of the point scale under consideration, while IU A represents the maximum 
value for the corresponding ordinate. We see from the figure that the smaller the parameter k of the 

projectively transformed x scale, the more stretched is the scale in the region of small numbers x at the 

cost of compression of the scale in the region of large x values. On the other hand, the greater the param- 

eter k, the larger the portion of the scale that assumes a uniform nature. 

Formulas for the Calculation of Projeetively Transformed x-Scales. The diagram in the figure is 

intended primarily for a visual representation of the principle involved in the construction of projectively 

transformed x scales. The precise construction of such a scale, with the chosen parameter k, is a rather 

cumbersome operation. A more practical approach is the calculation -using formula (2) -of the coordi- 
nate points of the scale from its origin (x = 0), using the total length of the scale as the unit. We then have 

to lay out the positions of the coordinate points, using a ruler and a compass. 

The formula required for the calculation of y as a function of x for the chosen parameter k is easily 
derived in the following manner. The equation for the scale line determined by the parameter k, as shown 

in the figure, is the following: 

GA/U A + aB/k = I. 

It is linear with respect to the variables G A and G B and yields G A = IUA, if G B = 0, and G A = 0, if G B = k, 
which is what we required. Replacing G B by GAX in this equation in accordance with (1), we derive the equa- 
tion (GA/UA)(I + UAx/k ) = 1 and hence GA/UA = i/(i + UAx/k). Substituting this expression in the place 
of GA/U A in (2), we obtain the sought formula which can be written in the form 

U A x / k  

g - -  i + UAx/k" (3) 
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F o r  e x a m p l e ,  if x = 0 . 3 U B / U  A and k = 0.5U B,  then U A x / k  = (U A �9 0 . 3 U B / U A ) / 0 . 5 U  B = 0 . 3 / 0 . 5  = 0.6 
(we thus v e r i f y  the d i m e n s i o n a l  a c c u r a c y  of the f o r m u l a ) .  Wi th  c o n s i d e r a t i o n  of (3) we ob ta in  y = 0 . 6 / 1 . 6  
= 0.375, which  c o r r e s p o n d s  to the da ta  in F ig .  1, but  is  m o r e  exac t .  

A s i m p l e  r e l a t i o n s h i p  e x i s t s  be tween  the p a r a m e t e r  k and the quan t i ty  x l / 2  a t  the c e n t e r  po in t  of the 
x s c a l e ,  v i z . ,  fo r  y = 1 / 2 .  Th is  r e l a t i o n s h i p  can  be found by so lv ing  (3) fo r  k a f t e r  i n t r o d u c i n g  x = x l / 2  
and y = 1 / 2 ,  and w r i t i n g  i t  in the f o r m  

k = U A xl/2. (4) 

A f t e r  i n t r o d u c t i o n  of th is  e x p r e s s i o n  for  k into (3) we ob ta in  a s i m p l e r  f o r m u l a ,  i . e . ,  

x/xl/2 (5) 
Y =  l + x/xl/2 " 

i , x - D i a g r a m  and T h e i r  P r o j e c t i v e  T r a n s f o r m a t i o n s .  In a t w o - d i m e n s i o n a l  c o o r d i n a t e  s y s t e m  that  i s  
not  n e c e s s a r i l y  o r t hogona l  and  r e f e r r e d  to in th is  c a s e  as  the i , x - d i a g r a m ,  the l i n e s  of one o r d i n a t e  - k n o w n  
a s  x l i n e s  - m a y  r e p r e s e n t  v a r i o u s  r e l a t i v e  c o m p o s i t i o n s  x = G B / G  A of a b i n a r y  m i x t u r e  of two c o m p o n e n t s  
A and B.  The o t h e r  o r d i n a t e  - k n o w n  as  the i l ine  - m a y  r e p r e s e n t  the v a l u e s  fo r  the v a r i a b l e  i ,  de f ined  as  
the to ta l  en tha lpy  of the m i x t u r e  p e r  unit  U A of i t s  con ten t  G A of the s u b s t a n c e  A .  The o r i g i n a l  m a g n i t u d e  
of G A thus  c o r r e s p o n d s  to the quan t i ty  in the e x p r e s s i o n  x = G B / G  A . The po in t  i ,  c o r r e s p o n d i n g  to the c o -  
o r d i n a t e  o r i g i n ,  r e f e r s  to the p u r e  componen t  A in the c a s e  of  a s p e c i f i e d  cons t an t  to ta l  p r e s s u r e  P to t  and ,  
f o r  e x a m p l e ,  a t  0~ 

D i a g r a m s  of  th i s  type ,  in which  an o b l i q u e - a n g l e d  c o o r d i n a t e  s y s t e m  is  u sed  a r e  conven ien t  in p r a c -  
t i ce  (they a r e  n e i t h e r  too long n o r  n a r r o w ) .  Such a d i a g r a m  was  d e v e l o p e d  fo r  the c a s e  of humid  a i r  a p -  
p r o x i m a t e l y  50 y e a r s  ago  by R a m z i n  who p r e s e n t e d  it in the f o r m  of the f a m i l i a r  I - d - d i a g r a m  in h is  l e c -  
t u r e s  in 1918, p u b l i s h i n g  i t  in 1925-1927,  i ndependen t ly  of M o l l i e r  whose  d i a g r a m  was  p u b l i s h e d  in 1923 
and  1929 [ 5 , 6 ] .  T h i s  w e l l - k n o w n  type  of d i a g r a m  has  been  u s e d  fo r  a long t ime  in c a l c u l a t i n g  the p r o -  
c e s s e s  invo lved  in  the hand l ing  of humid  a i r .  It  w i l l  be e n c o u n t e r e d  in the fo l lowing  a s  the " i , x - d i a g r a m  
of  the conven t i ona l  t y p e . "  

A d r a w b a c k  of t he se  d i a g r a m s  b e c o m e s  a p p a r e n t  when a u n i f o r m  s c a l e  i s  u sed  h e r e  fo r  the v a r i a b l e  
x .  Such a s c a l e  i s  not  a l w a y s  p r a c t i c a l .  I t  m a y  r e p r e s e n t  l a r g e  v a l u e s  of x wi th  u n n e c e s s a r i l y  g r e a t  r e l a t i v e  
a c c u r a c y ,  w h e r e a s ,  on the o t h e r  hand ,  the s a m e  s c a l e  in the r e g i o n  of low v a l u e s  fo r  x m a y  be s o m e w h a t  too 
d e n s e  to p e r m i t  c a l c u l a t i o n  wi th  the d e s i r e d  r e l a t i v e  a c c u r a c y .  

H o w e v e r ,  a s  fo l lows  f r o m  the p r e v i o u s ,  th is  d r a w b a c k  can  be t h e o r e t i c a l l y  e l i m i n a t e d  o r ,  a t  the v e r y  
l e a s t ,  s u b s t a n t i a l l y  r e d u c e d  in p r a c t i c e  by c h o o s i n g  a c o r r e s p o n d i n g  p r o j e c t i v e l y  t r a n s f o r m e d  x - s c a l e .  It 
would  be i n t e r e s t i n g  to e x a m i n e  how such  a t r a n s f o r m a t i o n  a f f e c t s  the f o r m  of the e n t i r e  i , x - - d i a g r a m  wi th  
i t s  l i n e s  and c u r v e s  fo r  v a r i o u s  v a l u e s  of the v a r i a b l e s  of i n t e r e s t  to us .  

R e p r e s e n t a t i o n  of C e n t r a l  P r o j e c t i o n s  in T h r e e - D i m e n s i o n a l  Space .  F i r s t  of a l l ,  l e t  us  a s s u m e  that  a 
GA, G B - d i a g r a m  a s  shown in the f i gu re  i s  con ta ined  in the h o r i z o n t a l  p l ane  r e f e r r e d  to a s  the h o r i z o n t a l  
z e r o  p l a n e .  The  i , x - d i a g r a m  u s u a l l y  in tended  fo r  p r o j e c t i v e  t r a n s f o r m a t i o n s  i s  t h e o r e t i c a l l y  p o s i t i o n e d  in 
the  v e r t i c a l  p l ane  r a i s e d  th rough  the s c a l e  l ine  fo r  k = oo in the G A , G B  d i a g r a m  so  that  the x l i n e s  of th is  i ,  
x - d i a g r a m  a r e  v e r t i c a l .  E a c h  l ine  m u s t  p a s s  t h rough  the c o r r e s p o n d i n g  po in t  on the u n i f o r m  x s c a l e  fo r  
k = co. The i n d i c a t e d  p l a n e  wi th  i t s  s e r i e s  of v e r t i c a l  e q u i d i s t a n t  l i n e s  for  the c o r r e s p o n d i n g  v a l u e s  of x 
m a y  be r e f e r r e d  to as  the p l ane  fo r  k = o~. 

A n o t h e r  p l a n e ,  known a s  the k p l a n e ,  can  be r a i s e d  v e r t i c a l l y  t h rough  the s c a l e  l ine  fo r  the c o r r e -  
s pond ing ly  c h o s e n  va lue  of k in the h o r i z o n t a l  GA, G B - d i a g r a m ,  i . e . ,  f o r  the va lue  of k which  r e s u l t s  in the 
n o n u n i f o r m  x s c a l e  on the t r a n s f o r m e d  i , x - d i a g r a m .  The l a t t e r  is  d e t e r m i n e d  on the s e l e c t e d  k p l ane  by 
p r o j e c t i n g  the conven t i ona l  type of i , x - d i a g r a m  with  the k = r p lane  onto the s e l e c t e d  k p l a n e ,  wi th  the o r i g i n  
of  the GA, G B - d i a g r a m  s e r v i n g  a s  the c e n t e r  of  the p r o j e c t i o n .  

An  e x a m p l e  is  p r e s e n t e d  in Append ix  1 of a p r o j e c t i v e l y  t r a n s f o r m e d  i , x - d i a g r a m ,  a c h i e v e d  by c a r r y -  
ing out  the p r o p o s e d  o p e r a t i o n  in t h r e e - d i m e n s i o n a l  s p a c e .  

The  two v a r i a b l e s  i and x a r e  of p a r t i c u l a r  i n t e r e s t ,  s i n c e  they  have  been  c h o s e n  a s  independen t  v a r i -  
a b l e s  of s t a t e  and  of the c o m p o s i t i o n  of the m i x t u r e .  L e t  us  f ind two f a m i l i e s  of s t r a i g h t  l i n e s  which  r e p r e -  
s en t  t he se  two b a s i c  v a r i a b l e s  in the A p p e n d i x .  
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The Transformed x Scale and the Associated Vertical x Lines. All of the vertical lines in the Ap- 

pendix together make up a family of x lines, numbered in accordance with the x values noted at the bottom 

of the diagram. 

The quantity xl/2 at the central point of the x scale, as we can demonstrate, is equal to 50 g HaO/kg 

of dry air. It thus follows from (4), where U A = 1 kg of dry air, that the parameter k of the x scale is equal 

to 50 g H20. The x scale in the Appendix can be easily calculated with Eq. (5), with the unit 1 of y corre- 

sponding to the total length of the scale. 

Since it is the purpose of this projective transformation to reduce the shortcomings of the uniform 

x scales on conventional types of i,x-diagrams, let us examine below the practical feasibility of a projec- 

tively transformed x scale. 

As we can see from the Appendix, the origin of the x scale is virtually uniform and extended in com- 

parison with its uniformly compressed extension. Beginning with x values of about 15 g H20/kg of dry 
air, the scale assumes an approximately logarithmic character, as is to be concluded from the approxi- 

mately constant length of the intervals between the points of the scale for x = 12.5, 25, 50, i00, and 200 

g H20/kg of dry air, respectively, with the numbers forming a geometric progression. For the x values 

near 500 g H20/kg of dry air and higher we find pronounced compression of the scale, as a consequence of 
which the remaining portion of the scale is of little use for all intents and purposes. This shortcoming can 

be corrected, by constructing a diagram in analogous fashion, where the roles of the components dry air and 

H20 of the mixture are interchanged. 

K the xt/2 values used in the construction of the i~-diagram are substantially lower than 50 g H20/kg 

of dry air, the x scale must be drawn out even more at its origin because of the compression of its final 

segment, and vice versa. In special cases such modifications of the scale may prove to be useful. In cal- 
culations with humid air, in engineering practice, the x scale with xl/2 = 50 g H20/kg of dry air seems to 
be more convenient for extensive application. 

Families of i Lines on Various Types of i,x-Diagrams. When a conventional oblique-angled i,x- 

diagram is placed in the vertical plane k = o% the i lines are equidistant from the straight lines, with a 

steep slope to the right, providing a more satisfactory shape for the region of the diagram of interest to 
US. 

In finding the central projection of the family of parallel lines from the vertical plane k = ~o onto the 

plane of the chosen finite k we observe the following phenomenon. The central projection of the parallel 

lines in space onto a plane not parallel to these lines leads to projectively transformed straight lines (in 

that plane), and these all converge at a "common point." It is obvious that the i lines on the projectively 

transformed i,x-diagrams -beginning from the ordinates of the uniform i scale on the vertical line x = 0, 

must converge at some "common point" on the line for x = ~o. Any other position of the "common point" 
will obviously lead to absurd eonclusions. 

The steeper the i line on a conventional oblique-angled i~x-diagram situated in the plane k = co, the 

lower the position of the "common point" of the i line on the corresponding projectively transformed dia- 

gram. 

In the diagram given in the Appendix, the "common point" of the i line lies below the edge of the dia- 

gram, viz., at the zero points formed by the intersection of the (downward) extension of the uniform Ai 
/~x scale and the vertical line for x = ~o. 

Lines Transferred from a Conventional Type of i,x-Diagram to theProjectively Transformed Dia- 

gram. If the saturation curve (u = 100%) on the conventional type of i,x-diagram passes through an oblique- 

angled network of i- and x-coordinate lines, the corresponding curve on the projectively transformed dia- 

gram can also be drawn through its projeetively transformed network of i and x lines, with the first lines 

converging at a selected "common point," while the latter lines are vertical and nonequidistant. 

However, since there is no final x-coordinate segment on the conventional type of i~x-diagram, the 
positions of certain auxiliary points on the curve under consideration should be calculated. The saturation 
curve (u = 100%) derived in this manner on the diagram in the Appendix is shown as a bold line. 

If in the place of the curve we project a straight line, it turns out that the central projection of the 
straight line is a straight line, and in such cases, to fix the line, it is enough to have two points on the 
straight line. 
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Appendix 1. The i ,x-d iagram for humid air  in the ease of Ptot = 1000 mbar  = 750.06 
m m  Hg. Tentative t ransformat ion of conventional-type d iagrams proposed by 
Ramzin and Mollier. CaIculated and constructed in 1952 by Wes te rberg  under the 
the guidance of P r o f e s s o r  Jar1 Salin in the Department of Chemical Engineering at 
the Academy in Abo, Finland. 
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I s o t h e r m s  above the Sa tu ra t ion  Curve .  The po in t s  above the s a t u r a t i o n  cu rve  in  the Appendix  r e p r e -  

s en t  the s ta te  and c o m p o s i t i o n s  of the homoge ne ous  gaseous  m i x t u r e s  of d r y  a i r  and w a t e r  v a p o r .  If we 

t r e a t  these  m i x t u r e s  in  the ca se  of v e r y  low P to t  = 1 b a r  as  m i x t u r e s  of an  idea l  gas without  d i s s o c i a t i o n ,  
the i s o t h e r m s  a r e  s t r a i g h t  l i n e s .  In this  case  i = hA(t) + XhB(t) is  a l i n e a r  func t ion  of x for  the g iven  t, 
r e f e r r e d  to the i s o t h e r m  u n d e r  c o n s i d e r a t i o n .  The s t r a i g h t - l i n e  i s o t h e r m s  can thus be fixed by two po in t s ,  
e .g., for  the d ry  a i r  and the pu re  w a t e r  v a p o r ,  and n a m e l y ,  for  x = 0 and x = ~. 

As  we can see f r o m  the Appendix ,  the i s o t h e r m s  for  low t e m p e r a t u r e s  on the d i a g r a m  r i s e  to the 
r igh t ,  but  this  r i s e  is g r a d u a l l y  s lowed down at  the h i g h e r  t e m p e r a t u r e s  and at  a round  70~ t h e i r  s lope r e -  

v e r s e s  d i r e c t i o n .  

Curves  of Cons tan t  ' [Degrees of Sa tu ra t i on"  u.  To i l l u s t r a t e  the s o - c a l l e d  r e l a t i v e  h u m i d i t i e s  of the 
a i r ,  in the Appendix  we p r e s e n t  s ix  th in  l i n e s  for  the va lues  of u = 5, 10, 20, 40, 60, and 80%, with the "de-  
g r e e  of s a t u r a t i o n "  def ined  in a c c o r d a n c e  with i n t e r n a t i o n a l  r e c o m m e n d a t i o n s  [7] as the r a t io  X/Xma x,  
where x and Xma x pertain to the same temperature t, with the latter corresponding to the case of satura- 
tion. The points on these curves are easily found without resort to diagrams of other types, in accordance 

with a method which can be described with a clear example. Thus, the choice of t = 52~ leads to con- 

venient calculations, since for 50 ~ C on the saturation curve we have Xma x ~ 100 g H20 / kg da (dry air). The point 

on the isotherm for t = 52~ when u = 5, i0, 20,..., 80%, thus must correspond, respectively, to the points 

x = 5, i0, 20 ..... 80 g H20/kg da. 

Determination of Ai/Ax on the i~x-Diagram. When working with i~x-diagrams it is frequently de- 

sirable to find the values of Ai/Ax = (i 2 -ii)/(x 2 -xl) in a simple manner, with the values of i I and x i repre- 

senting the coordinates of some specified point Pi, while i 2 and x 2 are the coordinates of a second point P2 
on the diagram, or it might be desirable to find the solution of similar problems. To facilitate the solution 

of such problems, the i~x-diagrams of the type proposed by Mollier [5, 6] are provided with a so-called 

"margin scale" on which the value of Ai/Ax can be determined at the point at which the straight line cuts 

across the scale, with that line drawn from the origin of the i~x-diagram parallel to the straight line drawn 

through the points Pl and P2. 

Use and Construction of the Ai/Ax Scale Shown in the Appendix. The vertical lines for x = co in the 

tentatively transformed i,x-diagram appears partly within the limits of the diagram. This line for x = ~o 

may be, as demonstrated in the Appendix, provided with a Ai/f~x scale, which frequently ensures the simpler 

solution of the Ai/Ax problem than in cases in which a conventional type of i,x-diagram is used. For 

example, the problem of finding the value off~i/Ax = (i 2 - il)/(x 2 - xl) , which belongs to the pair of points Pi and 

P2 and thus to all pairs of points on the straight line through Pl and P2, can be solved simply by extending 

this line to the point at which it intersects the 2d/Ax scale, on which we can read off the required value for 

z~i/~x. 

The use  of the A i / A x  sca l e  on the v e r t i c a l  l ine  is  based  on the fac t  that  the po in t s  of the sca l e  can  
be r e g a r d e d  as  po in t s  of f l ight  with each  of the po in t s  c o m m o n  to a l l  of the s t r a i g h t  l i n e s  which on the c o n -  
ven t i ona l  d i a g r a m  a re  p a r a l l e l  and c h a r a c t e r i z e d  by the A i / z ~  r a t io  u n d e r  c o n s i d e r a t i o n .  

The A i / A x  sca le  in the Append ix  can  be c o n s t r u c t e d  in  the fol lowing m a n n e r .  The po in t s  at  which the 
v e r t i c a l  l ine  for  x = x l / 2  = 50 g H 2 0 / k g  da in the midd le  of the d i a g r a m ,  for  e x a m p l e ,  i n t e r s e c t s  the l ines  
for  i = 15, 16, 1 7 , . . .  k c a l / k g  da ,  as  a c o n s e q u e n c e  of the c o n s t r u c t i o n  of the i l i nes  fo rm a s e r i e s  of e q u i -  
d i s t an t  po in t s  on this  v e r t i c a l  l i n e .  If we use  the r a y s  e m a n a t i n g  f r o m  the o r i g i n  in  the case  of i = x = 0 
to project this series of points onto the vertical line for x =0% a series of double points appears. The 

values of Ai/Ax which relate to these points are fixed by the projection rays and can be easily calculated 

by using the values Ax = x - 0 = 50 g H20/kg da and &i = i - 0 = 15, 16, 17 .... kcal/kg da, belonging to 
the first halves of the projection rays. The end point of the rays on the line for x = co can thus be numbered 

as follows : 

Ai _ 15, 16, 17 . . . .  kcal/kg da = 300, 320, 340 kcal/kg H20, 
hx 50 g t-~O/kg da 

on the basis of the Ai/z]~x scale in the Appendix. Analysis shows that the scale is uniform, and that it can 
be extended in either direction. 

T r a n s f o r m a t i o n  of the Scale for  A i / A x .  The equa t ion  for  the s t r a igh t  l ine on the t en ta t ive ly  t r a n s -  
f o r m e d  i , x - d i a g r a m  can  be w r i t t e n  in the f o r m  i = i 0 + bx,  where  i 0 and b a r e  c o n s t a n t s ,  with b ~ 0. Th i s  
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line in tersects  the A i / A x  scale on the ver t ical  line for x = coat the point where 

Ai _ di  = b =  i - -  io (6) 
h x  d x  x 

The variable i is determined f rom the equation 

G A h A + G~ h B 
i = GA . = h A + xhB, (7) 

where h A and h B represen t  the specific enthalpy of pure A and B. Replacing i in the r ight-hand member  
of (6) by the corresponding express ion f rom (7) yields 

A~ hA -]- XhB - -  io ha - -  io 
- -  . =  - -  + h s .  ( 8 )  
A x  x x 

If x --~ co for  the point moving along any selected line intersect ing the ver t ical  for x = co at the ordinate with 
a specified value of Ai/Ax, the f i rs t  t e rm in the r ight-hand member  of (8) d isappears  and the equation a s -  
sumes the form Ai /Ax  = h B. This indicates that the Ai /Ax scale on the line for  x = co can also be p r e -  
sented as the scale for the specific enthalpy hB of the remaining pure component B, since the component 
A is removed f rom the mixture .  For  the case of humid air ,  as cited in the Appendix, hH20 or  Ai /Ax are 
introduced as the variable scales  on the line for x = ~o. In accordance with the definition of i it is assumed 
that the zero  point of hH20 per ta ins  to water  at 0~ and P = Ptot .  

Mixing P r o c e s s e s .  If two binary mixtures  A and B are mixed adiabatically when in the ease of P to t '  
with one of the mixtures  eontaining the eomponents GA1 f rom A, and the other  containing GA2 from the c o m -  
ponent 13, the composit ion and states  of the result ing mixture are  represented  by the single point P m  on the 
conventional type of i ,x -d iagram.  The last  point, f i r s t  of all,  l ies on the s traight  line connecting Pl and P2, 
represent ing  the composit ion and state of the mixtures ,  and secondly, it divides this connecting line in in- 
ve r se  propor t ion to GA1 and GA2 aeeording to the so-eal led "lever rule"  [8]. If we use the t ransformed i .x-  
d iagram,  the f i rs t  s tatement  is valid since straight lines have been t ransformed as s traight  l ines;  however,  
the second statement  must  be replaced by a recommendat ion for the calculation of the values of x m or  im 
on the basis  of the "mixing rule ": 

X~GA' + x2GA' (9) 
x - �9 GA ' + GA ~ 

o r  

i~GA, + iZ6A 2 
i ~ - -  6A ,  + GA" (10) 

and to find the point Pm on the s t ra ight  line f rom Pl to P2- 

Mixtures of Water  and Saturated Humid Ai r .  The point Pl produced by the intersect ion of the isotherm 
t and the saturat ion curve in the given i .x -d iagram for  Ptot = 1000 mbar  yields a maximum value for x 1 f rom 
the x for a thermodynamical ly  stable gaseous mixture of water  vapor  and dry  a i r  at a tempera ture  t and the 
given Ptot" An increase  in the vapor  content in the mixture for  constant t and Ptot leads to a stable two- 
phase mixture consist ing of the gaseous phase of saturated humid a i r  and the water  phase,  with the la t ter  
broken down into fine droplets  reminiscent  of fog. 

The state of the liquid H20 phase in the two-phase mixture in the given i,x--diagram is represented  
by the point P2 on the downward extended uniform hH20 scale on the line for x = oo, where hH20 is equal to 
the specific enthalpy for  the liquid H20 at a t empera ture .  

The composi t ions and states of the two-phase mixtures  achieved at a temperature  of t a re  shown in the 
i ,x -d iagram by the point on the s traight  line eonneeting Pi  and P2- These l ines,  shown in the Appendix as 
dashed l ines,  a re  the i so therms  of the tempera tures  under considerat ion in the "fog region,"  below the 
saturat ion line, and these may be r e f e r r ed  to as "fog i so the rms ."  

Five thin lines in the Appendix for x w = 10, 20, 30, 40, and 50 g H20/kg  da are constructed to de -  
termine the quantity of water  in the mixtu re per  unit of dry a i r .  The point on the curves  for  x w = eonst can 
be found for  each of the selected fog i so therms ,  where x is equal to the sum x 1 + x w, with x 1 pertaining to 
the value of x at the point Pl of the intersect ion between the fog i so therm and the saturat ion curve .  
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Approx ima te  Wet-Bulb T h e r m o m e t e r  I s o t h e r m s .  The dashed fog i so the rms  in the Appendix are  e x -  
tended r ec t i l i nea r ly  into the region above the sa tura t ion  l ine,  where  they can be used as  the wet-bulb  t h e r -  
m o m e t e r  i so the rms  in p s y c h r o m e t r i e  invest igat ions .  It is a s sumed  in accordance  with Mol l ier  that the s o -  
cal led Lewis  f ac to r  is equal to unity.  To ref ine these hypotheses ,  we can turn,  for  example ,  to [9]. 

Related D i a g r a m s .  Spalding p re sen ted  an i ~ - d i a g r a m  compiled by pro jec t ive  geome t ry  and used in 
h u m i d - a i r  calcula t ions  [10]. The author  of this a r t i c le  examined this d i ag ram in compar i son  with that shown 
in the Appendix and made his com m en t s  in [11]. The author is indebted to his f o r m e r  a s s i s t an t  N. W e s t e r -  
b e r g  for  his thorough calcula t ion and the complet ion (in 1952) of the or iginal  drawing of the d i ag ram shown 
in the Appendix.  A cor responding ly  la rge  d i ag ram with i values  e x p r e s s e d  in k J / k g  da was calculated and 
plot ted in 1957 by Lindell .  Soininen is respons ib le  for  the conception,  calculat ion,  and plott ing of the i ,x -  
d i a g r a m  in which the i sca le  for  x = 0 has  a lso  been t r a n s f o r m e d  and in which the x l ines  converge  and in 
which we find nonuniform sca l e s  for  i and A i /Ax ;  this d i a g r a m  was publ ished in a Finnish handbook [12]. 
VALMET in Abo (Finland) published a s i m i l a r  d iagram.  The author is indebted to his f o r m e r  a s -  
s i s tan ts  Soininen and Lindell  for  the i r  skillful work and a s s i s t ance .  

The p r inc ip les  and methods  of graphica l  r ep re sen ta t i on  for  the p r o p e r t i e s  of two-phase  mix tu res  
consis t ing of humid a i r  and wa te r  can doubt less ly  be eas i ly  modified for  cases  in which ice is used in place 
of wa te r .  A modif ied i ;~ -d i ag ram for  humid a i r  at a t e m p e r a t u r e  of up to -24~ has  recent ly  been pub-  
l i shed by EKONO [Associat ion for  Power  and Fuel Economy] in the ci ty of Hels ingfors  (Finland) in i ts  p r o -  
g r a m  for  1968. 

G A and G B 

U A and U B 
k 

X 

Y 

xl /z  

i 

Ptot  
t 
U 

Ai/Ax = (i 2 -- i l ) / (x  2 -- xl) 

h A , h B, and HH20 

X w 

NOTATION 

a r e ,  r e spec t ive ly ,  the quanti t ies  of the subs tances  A and B in the b inary  
mix tu re  ; 
a r e ,  r e spec t ive ly ,  the chosen units for  G A and GB; 
is the value (pa ramete r )  G B for  the point at which the se lec ted  sca le  line in-  
t e r s e c t s  the G B axis  (see Fig.  1); 
is the G B / G  A ra t io ;  
is the dis tance f rom the coordinate  or igin x = 0 of the p ro jec t ive !y  t r a n s -  
f o r m e d  x sca le  to the point x,  p ropor t iona l  to the total length of the scale  
(Eq. (2)); 
is the x value at the cen te r  of the pro jec t ive ly  t r a n s f o r m e d  x sca le ,  where  
y = 1 / 2 ;  
is the total enthalpy of the mix tu re  p e r  unit of its content GA of A ; 
is the total  p r e s s u r e  of the mix ture ;  
is the t e m p e r a t u r e  of the mix ture ;  
is the degree  of sa tura t ion  X / X m a  x for  the gaseous  mix tu re  at the given 
t e m p e r a t u r e  (the re la t ive  humidity of the a i r ) ,  where Xma x co r r e sponds  to 
the s ta te  of sa tura t ion;  
a re  the symbols  which pe r t a in  to the two points on the i , x -d i ag ram;  
a r e ,  r e spec t ive ly ,  the specif ic  enthalpies  of pure  A and B, as well  as of pure 
H20; 
is the ra t io  of the wa t e r  content in liquid f o r m  to the d r y - a i r  content in humid 
a i r  (in the fog). 
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