
A question much debated is whether the length of time 
a system has boiled will have an effect on the number of 
active nucleation sites. Experiments were run at heat fluxes 
of 8,600, 12,000, and 24,500 B.t.u./(hr.)(sq. ft.) and 
counts of active sites made at times of 15, 60, 90, and 120 
min. after start of boiling. No significant change in the 
number of sites was found to occur as a function of time. 
The number of sites observed did, however, increase with 
heat flux. The average concentration of sites ranged from 
340/sq. ft. at 8600 B.t.u./(hr.)(sq. ft,) to 820/sq. ft. at 
24,500 B.t.u./(hr.) (sq. ft:). 

Another variable frequently studied is the effect of 
surface rou hness on boiling. It is generally found that 
boiling coe P cients are higher for rough surfaces than for 
smooth ones. In these studies a 3-in. by 3-in. area on the 
stainless steel boiling surface was prepared by wrapping 
emery paper on a hand sander and rubbing 10 strokes in 
one direction and then 10 strokes at 90” until the surface 
was considered reproducible. Three grades of emery paper 
were used, ranging from fine to coarse. In contrast to what 
was expected, the surface polished with the finest paper 
showed approximately twice as many active sites as the 
surface polished by the coarse paper, and the medium- 
polished surface had the fewest sites of all three. All runs 
were made at a heat flux of 8600 B.t.u./(hr.) (sq. ft.). 

The final study made was one in which the length of 
time of active boiling from s ecifk sites was studied. As 

almost indefinitely, while others produced bursts of bubbles 
and then became dormant. One aspect that seemed par- 
ticularly interesting was that the concentration of perma- 
nently active sites seemed about the same for all three 
degrees of surface roughness described above. However, 
the fine surface appeared to have a much larger number 
of short-term sites than the coarser surfaces. 

was anticipated, a small num g er of sites remained active 

CONCLUSIONS 

One important conclusion from the studies described 
above was that the concept of temperature of the boiling 
surface is rather illusory. Motion picture photographs of 

the liquid-crystal color changes showed the boiling plate 
to be swept by convection waves and spotted with numer- 
ous temperature patterns resulting from nucleation. It 
would seem dficult to say how a meaningful average sur- 
face temperature might be determined. The main results of 
the study indicate that a variety of long-standing problems 
in nucleate boiling can be investigated using the thin plate 
technique described above. 
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Two-Variable Distillation Control: Decouple or Not Decouple 
ANTON1 NlEDERLlNSKl 

Pditechnika Slarka, Wiwice, Poland 

Luyben (1) presented an exhaustive study of a non- design. The former is the more celebrated in the technical 
interacting two-variable distillation control system. The literature. A number of methods have been developed, 
aim of this communication is to draw attention to possible based either on the transfer-function approach ( 2 )  or 
advantages of another control structure serving the same state-space approach ( 3 ) ,  which result in a control system 
purpose. lioninteracting with respect to only set point changes. This 

The designer of a two-variable control system usually property has some undeniable advantages for multivariable 
has the option between a noninteracting and interacting servosystems where set points are variable, but seems to 
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be irrelevant for process regulators where the objective is 
to maintain the controlled variables equal to the set points 
in spite of disturbances. Hence for process regulators- 
and to this class belongs more often than not a distillation 
control system-the interacting design seems to be an 
alternative worth considering, because, besides being less 
expensive, it may give better disturbance attenuation than 
the noninteracting design. This was first suggested by 
Mesarovic ( 4 )  and discussed in detail by Finkelstein ( 5 ) .  
Besides, the decoupler as proposed by Luyben may turn 
out to be physically unrealizable whereas the interacting 
design always exists. The noninteracting design on the 
other hand has the advantage of simplified controller tun- 
ing. What concerns the necessary design effort there does 
not seem to be a substantial difference between both 
systems. 

To explain the differences in disturbance filtering, the 
interacting and noninteracting two-variable control sys- 
tems shown in Figure 1 and Figure 2 will be considered. 
The disturbance transfer functions are for the interacting 
control systems (dropping /W for convenience sake) : 

and 

Fig. 1. Two-variable interacting control sys- 
tem. 

Fig. 2. Two-variable noninteracting control system. 
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where 

(3) 

(4)  

For the noninteracting system decoupled by putting D12 = 
- P12/Pll and DZl = - P2JPZ2 

( 5 )  

(6)  

Yl - G1 
z 1 + P11(1- C)R1 

Y2 - G2 

- _  
and 

-- 
z 1 + P22(1 - C)R2 

In order to determine the effectiveness of the system in 
disturbance filtering, the deviation ratio (6) defined for a 
given sinusoidal disturbance as 

deviation ratio = deviation with control 
deviation without control 

1 (7) 
y1.2 with control 

= 1 y1.Z without control 

is introduced, The deviation, ratio for the interacting de- 
sign is 

where 
1411 = A1 B1 (8) 

and 

and 

For the noninteracting design, the deviation ratios are 

and 

The improved disturbance attenuation in interacting con- 
trol systems is chiefly due to the factors B1 and Bz. If 

and 

the factors B1 and B2 are for the most important low fre- 
quency range smaller than 1. Moreover the factors A1 and 
AZ are in the same frequency range usuhlly smaller than 
lql.nl and 1q2,n 1, respectively, which further improves the 
disturbance attenuation of these interacting systems com- 
pared with noninteracting ones. 
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Fig. 3. f d  Polar plot of P11(1 - C Q2) and P22(1 - C Q1) for the 
interacting system. (6) Polar plot of P11(1 - C) and Pz(l - C) 

for the noninteracting system. 
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Fig. 4. Deviation ratio frequency characteristics for the interacting 

system. 
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Fig. 5. Deviation ratio frequency characteristic for the noninteract- 
ing system. 
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