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Condensers are an important piece of equipment for the chemi-
cal processing and refi ning industries. They are a necessary 
component of many processes, including overhead condensers 
for distillation columns, as separators of volatile and condensa-
ble products, and are a key feature of HVAC-R systems.
There are different options for the design of shell-
and-tube condensers in particular: with condensation 
possible on the shell-side or tube-side, and in vertical or 
horizontal arrangements. When the condensing fl uid is 
allocated to the tube-side, the presence of two-phase fl ow 
introduces complexities in the thermal design. An incre-
mental calculation is needed, and it becomes necessary to 
consider how different fl ow regimes will affect the heat 
and mass transfer within the tubes. This can make the 
creation of an effi cient and reliable design more diffi cult.

hiTRAN® Thermal Systems
Applying tube-side enhancement devices, such as hiTRAN® 
Thermal Systems, can provide signifi cant benefi ts in many 
applications. hiTRAN® is a form of removable wire matrix-
type enhancement device, consisting of a pattern of wire 
loops supported by a central core wire. In general, the sys-
tem will increase the single-phase convective heat transfer 
coeffi cients, helping to accelerate the rate of vapour 
cooling. Important also in multi-component condensation, 
hiTRAN® improves mass transfer and disrupts the inter-
face between the two phases. This can ensure that conden-
sable vapour is continually transferred toward the cold 
tube wall, and the liquid is redirected into the bulk fl ow.

Pure component condensation
It is useful to fi rst consider the simplest case of pure 
component condensation, where there is only a single 
substance present within the tubes, and how the charac-
teristics affect heat transfer.

In pure component condensation, there is no change in 
the concentration of the condensing substance through-
out the tube. Therefore, there is no mass transfer resist-
ance preventing the vapour from reaching the cold liquid 
interface. Meanwhile, the bulk temperature is uniform 
and equal to the saturation temperature at the corre-
sponding vapour pressure.
As the vapour condenses, a layer of liquid forms on the 
tube wall. The thermal conductivity of the liquid fi lm 
causes an additional thermal resistance, reducing the rate 
of heat transfer from the condensing vapour. The thermal 
resistance through the liquid condensate often dominates. 
Only at near complete condensation, where the vapour 
velocities are much slower, does the convective heat 
transfer of the vapour become a signifi cant factor.
Because the thermal conductivity is an intrinsic property 
of the liquid, applying hiTRAN® in pure component 
condensation tends to have a minimal effect on the heat 
transfer rate. The increase in pressure drop also tends 
reduce the saturation temperature, therefore reducing the 
effective temperature difference, which often offsets any 
heat transfer increase. An overall benefi t may be realised 
towards the end of the condensation process, where the 
fl ow velocities are lower, by enhancing the convective 
heat transfer.

Multi-component condensation
When condensing mixtures containing multiple – or 
non-condensable – components, the process can change 
fundamentally. Firstly, the vapour temperature is not 
constant along the condensing path. As each component 
condenses, the mole fraction and partial pressure of the 
less volatile components in the vapour reduces, this in 
turn decreases the associated saturation temperature. 
This introduces a requirement for sensible cooling of the 
vapour, in addition to the removal of the latent heat, in 
order to advance the condensation process. 

Retrofit solution for condensers to 
improve product retention
The processing and refining industries commonly use tube side condensers 

when driven by requirements such as low inventories, use of expensive 

pressure- or corrosion-resistant materials, or as a necessity in air cooled 

heat exchangers. Here, CALGAVIN’s Nathan Hill explains the company’s 

solution for improving performance in both retrofits and new designs.

By Nathan Hill, Thermal Process Engineer, CALGAVIN

» Figure 1 – A hiTRAN® Wire Matrix element. » Figure 2 – Temperature profi le across a vapour-liquid interface.
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The second major difference to single-component 
condensation is that the concentration of the differ-
ent components is not necessarily uniform over the 
cross-section of the tube. Near to the cold liquid film, 
the less volatile components condense and depletes the 
region of condensable molecules. Due to the change 
in concentration, the local saturation temperature de-
creases and reduces the temperature difference across 
the vapour-liquid interface. Furthermore, the concen-
tration gradient also creates a mass transfer resistance 
preventing condensable components from reaching the 
liquid film.

Both of these effects can substantially affect the heat 
flux, particularly towards the end of the condensation 
path where the lower vapour velocities lead to lower 
vapour phase heat transfer coefficients. It is in these 
conditions where using hiTRAN® can provide the most 
benefit. Enhancement of the single-phase heat transfer 
coefficients aids in cooling the vapour, and the induced 
turbulence improves mixing of the different compo-
nents. Furthermore, the lower velocities in this region 
bring about a lower pressure drop penalty and less effect 
on the condensing temperature. Due to the effect of mo-
mentum recovery it is sometimes the case the pressure 
drop penalty with hiTRAN® will be lower compared to 
an empty tube. 

Case study
As a solution provider, CALGAVIN was contacted 
by a customer to evaluate the potential for increasing 
the recovery rate of a hydrocarbon condenser. The 
heat exchanger was designed to condense and 
separate a mixture of aromatic hydrocarbons and 
carbon disulphide. The carbon disulphide was 
effectively non-condensable in this process, and the 
resulting vapour carryover was flared off. Consequently, 
any remaining hydrocarbons in the vapour would 
also be lost to the process. Because the hydrocarbons 
were a valuable product, it was therefore desirable to 
recover as much of them as possible in the condensate. 
The objective was to reduce the mass fraction of 
hydrocarbons in the vapour by increasing the degree 
of condensation.

» Figure 3 – Temperature profi le across a vapour-liquid interface with inert components.
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Tables 1 and 2 show the key geometry information and 
process conditions of the heat exchanger in question. 
The fi rst important observation is that the heat transfer 
coeffi cient of the condensing hydrocarbon on the tube 
side was much lower than that of the evaporating steam 
on the shell side. Hence, the overall heat transfer coef-
fi cient was more strongly controlled by the tube-side, 
which meant that applying enhancement to the tube-side 
would likely have a signifi cant effect overall.
Focusing on the tube-side heat transfer performance, a plot of 
the cumulative duty against temperature and vapour fraction 
(Figure 4) highlights the areas of concern. For the fi rst 3m of 
the tube length, the process is similar to pure component con-
densation due to the dominant mole fraction of hydrocarbon. 
Here the vapour temperature does not signifi cantly change, 
and fi lm-controlled heat transfer dominates.
Towards the outlet of the condenser, the mole fraction of 
carbon disulphide becomes more signifi cant and multi- component effects start to appear. The vapour tempera-

ture decreases rapidly as the condensation proceeds, 
indicating a signifi cant requirement for vapour cooling. 
In this region, the vapour phase heat transfer becomes 
controlling.
The change in fl ow pattern could be observed by plotting 
a graph of Reynolds number and heat transfer coeffi cient 
against the tube length (Figure 5). At the inlet of the con-
denser, the Reynolds number approaches 100,000 due to 
vapour velocities up to 11 m/s. There is a small fraction 
of vapour which forms a thin fi lm upon the tube wall, 
with the bulk of the fl ow being highly turbulent vapour 
shooting through the centre of the tube. This condition 
is described as annular shear-controlled fl ow. Due to the 
high turbulence and vapour fraction, the heat transfer co-
effi cient in this region is high – at around 2,000 W/m2K.
As more of the vapour condenses, the velocity decreases 
significantly to less than 1 m/s at the outlet. There is a 
significant change in flow behaviour as the liquid begins 
to pool at the bottom of the tube. This is referred to as 
stratified, gravity-controlled flow. The heat transfer 
coefficient is much lower in this region, dropping below 
500 W/m2K. There is also little interaction between the 
two phases, which increases the likelihood that the non-
condensable components accumulate at the interface and 
potentially means that the phases are not in equilibrium 

» Figure 5 – Calculated vapour Reynolds numbers and heat transfer coeffi cients, with examples of fl ow regimes.
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Tube Diameter 25.4 mm

Shell Side Tube Side
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in / out 0 1 1 0.046
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Heat Transfer 
Coeff. (W/m2-K) 4000 1200

»  Table 1 – Geometry of the heat exchanger for case study.

»  Table 2 – Process conditions of the heat exchanger for case 
study.

» Figure 4 – Integral condensing curve and vapour fraction along the condensing path.
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– often a fundamental assumption of the heat transfer 
calculations used in thermal design software tools.
Based on this analysis, it became clear that installing 
hiTRAN® at the inlet of the condenser would not have 
been effective. The heat transfer was already good in 
this region, and there is little enhancement potential in 
shear-controlled fl ow. Furthermore, there would have 
been a large rise in pressure drop by using hiTRAN® in 
the high-velocity fl ow.
However, towards the outlet of the tubes there was a 
much greater enhancement potential and smaller pres-
sure drop penalty. In this zone, installing hiTRAN® 
yielded a two-fold increase the local heat transfer coef-
ficient, whilst also providing greater certainty through 
improved mixing across the vapour-liquid interface.
Using the thermal design model CALGAVIN had created, the 
precise geometry of the hiTRAN® element was optimised to 
give the highest heat transfer improvement possible within 
the maximum pressure drop the customer could allow.
After start-up, the measured plant data was able to 
confi rm the predicted increase in performance. The outlet 
temperature of the condenser was observed to decrease 
by 4°C, and the vapour mass fraction correspondingly 
reduced to 2.6%. The reduction in vapour fraction was 
equivalent to a quantity of 535 kg/hr of the valuable 
hydrocarbon product at the design fl ow rate. This led 
to a substantial improvement in operating costs of the 
process, as more product was able to be recovered and as 
such less vapour to be fl ared off.
Installing hiTRAN® also presented an economic advan-
tage for the customer over other alternatives for achiev-
ing the same improvements. For instance, in order to 
reduce the vapour fraction with an empty tube design, it 
was calculated that the condensing path would need to be 
extended by 3m. This could have been realised either by 
replacing the existing condenser with an 8m long unit, or 
by installing a second heat exchanger in series to provide 
the necessary surface area.
When the economics of each option were evaluated, it 
was estimated that the replacement heat exchanger would 
cost around $135,000 to purchase, while the additional 
3m long heat exchanger would cost approximately 
$93,000. By comparison, the total price of the hiTRAN® 
option – including purchase and installation – was around 

one fi fth of the cost of the replacement heat exchanger. 
Using hiTRAN® furthermore allowed the original equip-
ment to be retained, negating the additional plot space 
and piping that would be needed to install any additional 
equipment. 

Conclusions
Through in-house experimental data and customer 
feedback, CALGAVIN has seen that the performance 
of hiTRAN® can be modelled reliably in condensing 
processes. Through modelling and analysis, cases where 
there is a potential for enhancement can be identified. 
While there is limited potential in pure component and 
shear-controlled conditions, there are much greater 
benefits in multi-component applications involving 
gravity-controlled flow. The installation can even be 
targeted specifically in areas of the tubes where there 
is the greatest benefit overall.
This case study demonstrates the benefi ts this system can 
give to improve the performance of existing condens-
ers, and the advantages over simply increasing the size 
of the equipment. Furthermore, the use of hiTRAN® is 
not restricted to retrofi tting existing equipment. The 
technology may also be utilised in new designs to reduce 
the size of a condenser and alleviate uncertainties in the 
calculations.
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» Figure 6 – Heat transfer before and after installation of hiTRAN®.
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