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(continued from previous page) Computational Fluid Dynamics in Process Design

IMPACT utilizes two of the leading 
proprietary CFD platforms, Fluent®

and AcuSolve®, in its work. 
Our experts have experience 
modeling a wide variety of 
complex geometries with single- or 
multiple-reference frame models 
under steady-state or dynamic 
conditions, for both batch and 
continuous processes. These 
powerful programs are capable 
of modeling not only normal 
(Newtonian) fl uid behavior, but 
also shear-thinning and other non-
ideal character as represented 
by the standard Herschel-
Bulkley-type rheological models 
or customized user-defi ned 
functions. These types of functions 
become particularly important for 
particulate suspensions, such as  
in crystallizations. 

The modeler generally begins by 
developing the detailed geometric 
framework or ‘mesh’ of the 
physical system, often consisting 
of a grid of up to several million 
tetrahedral cells, that will be 
solved using advanced numerical 
methods on high-speed multi-core 
processors. The model can thus 
generate complete velocity vector, 
temperature, or concentration 
gradient contour maps for rapid 
visualization of problem areas, 
stagant zones, points of excess 
shear, etc, as well as calculation 
of bulk properties such as mean 
energy intensity distribution. The 
Figure 1 shows a simulated velocity 
gradient profi le map for a chemical 
injection port. The effect of design 
changes and adjustments to 

operating conditions is easily 
determined and greatly reduces 
the need for lengthy and expensive 
bench studies. Such physical 
testing can then be limited 
to validation of the optimized 
modeling results. Changes 
in operating scale are easily 
accommodated, again minimizing 
the time and high cost associated 
with full-scale investigative studies. 
IMPACT collaborates closely with 
all of our clients to ensure accuracy 
during the model development and 
simulation phases to ensure that 
their precise needs are met. 

With the advent of faster 
computers, CFD has become 
one of the most rapidly growing 
areas of engineering and is utilized 
by technologists in all fi elds of 
science for modeling everything 
from complex biological systems 
to the design of high shear 

rotor-stators, aerodynamics, 
combustion, cooling and drying, 
to the optimization of particulate 
processes such as crystallization of 
active pharmaceutical ingredients 
for better size distribution and 
product behavior. 

In the recent past, IMPACT has 
conducted CFD studies to speed 
the design of large-scale storage 
and mixing vessels, pumping 
systems, gas spargers, jet 
nozzles, solid-liquid decanters, 
and crystallizer impellers, among 
others. Please contact us for more 
information on how IMPACT can 
put this powerful set of modeling 
tools to use on your project. ■

Figure 1. Velocity Gradient Profi le Map for a Chemical Injection Port
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“The IMPACT Laboratory is often 
used to design and build custom 
process equipment and analytical 
tools for our clients.”

IMPACT Designs Custom VLE Apparatus

During chemical process development, there is often the need for vapor-liquid equilibrium (VLE) 
or vapor-liquid-solid equilibrium (VLSE) data in order to properly design a separation or drying 
operation. When literature data are not available, such as for proprietary substances or hybrid 
mixtures, an experimental method for rapidly generating equilibrium data are needed. 

When the separation involves 
drying a solid phase such ion 
exchange or HPLC media, or 
drug delivery platforms such 
as microspheres, VLSE data 
may be required. VLSE data are 
considerably more complex than 
VLE and usually requires empirical 
determination of equilibrium values. 
Interactions between the solid 
phase and liquid mixture can be 
complicated by absorption of 
the liquid into the solid phase or 
conversely the partial dissolution of 
the solid phase in the liquid phase. 

Ideally, any experimental apparatus 
for producing VLE and VLSE 
data would be able to safely 
handle a wide range of chemicals, 
temperatures, pressures as well as 
all three physical phases; gases, 
liquids, and solids. The system 
would be able to operate with 
small quantities (< 1 ml) to 

accommodate limited availability 
and/or expensive materials and 
would be automated to rapidly 
produce accurate data at low 
cost. IMPACT recently constructed 
such a system in our Devens 
development laboratory with the 
confi guration shown in Figure 1.

Description of the 
IMPACT VLSE System
The Impact VLSE system 
consists of a sample chamber, 
thermocouple, pressure transducer, 
a valve to isolate the chamber, a 
water bath and a vacuum pump. 
In order to minimize corrosion over 
a wide range of temperatures and 
solvents, all internal wetted surfaces 
are stainless steel. Since the sample 
chamber must be opened and re-
sealed with every sample run, VCR 
fi ttings were chosen because they 
use of stainless steel gaskets which 
can easily be replaced as needed.

During operation, the sealed 
chamber containing the sample 
is fi rst cooled to -80°C and a 
vacuum pulled to remove all 
air and non-condensables. To 
achieve reproducible equilibrium 
measurements, the entire sample 
chamber including the head 
space is immersed in a controlled 
temperature bath.  The chamber is 
then isolated, and the temperature 
of the bath is raised and held 
constant while the system reaches 
a new equilibrium. This process is 
repeated at a series of temperature 
intervals, and is generally 
ramped both up and down to 
demonstrate repeatability, or to 
reveal hysteresis. To simulate a 
drying operation, system pressure 
can be manually adjusted. A new 
set of equilibrium values may then 
be obtained by again ramping the 
temperature up or down. 
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Validation
To validate its accuracy, the system was used to 
measure vapor pressure versus temperature for pure 
acetone and compared to an empirical correlation 
available in literature. Agreement between the 
experimental data and the literature correlation is 
very close, as shown in Figure 2. Figure 3 shows the 
measured vapor pressure versus temperature for 
a proprietary solvent mixture and water, along with 
the vapor pressure curve that results from assuming 
ideal behavior according to Raoult’s law and using an 
empirical correlation for the pure component vapor 
pressures. The experimental data and the predicted 
values are again very close to one another, further 
validating the accuracy of the system.

Application
IMPACT recently used the VLSE system to help solve 
a problem that a client was having in the manufacture 
of an active pharmaceutical ingredient (API). The 
client was experiencing inordinately long times to 
remove residual solvent following the fi nal stage of 
manufacture due to multifaceted interactions between 
the solvents and the API. IMPACT performed a 
factorial experimental design to measure equilibrium 
vapor pressures at a range of temperatures. The data 
provided the client a better understanding of the VLSE 
behavior of this complex system, which could in turn 
be used to design a more effi cient and practical drying 
regimen.

Figure 1. Schematic Diagram of IMPACT VLSE system
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7

Figure 3. Vapor pressure curves of a proprietary solvent mixture and water compared to predictions assuming Raoult’s 
law and using literature pure component vapor pressure correlations. Sample size = 1mL of sample (approximately).

Figure 2. Vapor pressure curve of pure acetone compared with literature correlation. Sample size = 1 mL of acetone.

Figure 4. Vapor pressures of powder samples. Measurements were performed on two separate samples on 
different lots in order to assess reproducibility.
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IMPACT Technology
Consultants

9 Tabor Hill Road
Lincoln, MA 01773

Contact:
Bill Cox

Phone: 
(508) 951-2436

Fax:
(508) 529-2390

E-mail:
bcox@impact-tc.com

Website:
www.impact-tc.com

Hands-On Process 
Development & Scale-Up

About Our Organization

IMPACT Technology Consultants is a 
team of experienced, advanced-degree 
chemical engineers with extensive 
backgrounds in chemical process 
technology development, scale-up, 
commissioning, and optimization. 

Our mission is to provide process 
development, scale-up and engineering 
assistance to all industries including 
specialty chemical, pharmaceutical, 
biotech, metallurgical, and medical 
equipment/devices. 

IMPACT also operates a scale-up and 
process development laboratory located 
at 88 Jackson Road, Devens, MA. The 
facility responds to frequent requests from 
clients to provide an off-site capability 
in performing process or product 
research, scale-up, optimization, and 
troubleshooting experiments. 




