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Introduction 
 
Air-cooled heat exchangers (ACHEs) can be subject to many factors which may lead to low performance. 
These include corrosion, fouling, process fluid, process mal-distribution and many others. In addition, 
ACHEs have fans and drive systems which are also subject to mechanical problems that may lead to loss in 
performance. 
The design and manufacturing of axial fans for air cooled heat exchanger applications has tended to be 
limited to a relatively small number of manufacturers which has made their design into something of a 
black art. This has not helped in the general understanding of these fans and as a result, they often do not 
perform to their full potential due to a lack in understanding of the end user and to a certain degree even air 
cooler manufacturers. 
 
Fan Pressure Capability In The Field Versus Design Values 
 
After having carried out fan performance tests in the field for over 10 years, it appeared that certain fans in 
the field were not performing to its expected level. In most cases, those under-performing fans were stalling 
(cavitating) which resulted in extremely low static efficiencies1. These low static efficiencies were often 
caused by negative airflow at the tip of the blade for forced draft units and the centre of the fan for induced 
draft units as illustrated in the pictures below. 
 

  
 
A fan in stall is caused by the fact that the flow & pressure requirements have surpassed the limit of the 
fan’s pressure capability which is no longer able to move the air in an efficient way (see figure below). 
With a stalled fan, the boundary layer of air at the leading edge is changed from laminar to turbulent flow.  
 

 
   Airflow 
 
 
1 Static Efficiency = (Airflow in m3/s * Static Pressure in Pa) / (Fan shaft power in kW) where Fan shaft 
power is the absorbed power in substation * Eff.motor & electrical line losses * Eff.drive 

Stall points 

Pressure 

Negative airflow 

Negative airflow 
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Just like a pump, an axial fan (which is nothing more then an air moving pump), has a certain pressure 
capability that is mainly determined by the following criteria 
 

1. Fan tip speed 
2. Solidity ratio (the ratio of the sum of the blade widths to the fan’s circumference) 

 
It appeared that even fans on new air cooler units could have this problem leading to the idea that pressure 
capability given by fan manufacturers could in our view sometimes be over-rated. In order to find out, 
design airflow & mechanical data (such as airflow, static pressure, fan RPM, inlet conditions, etc.) was 
taken of a previously surveyed new air cooler unit that was having this very same problem. We then 
decided to simulate this design data using different manufacturers fan selection programs in order to find 
out what the minimum required solidity ratio (expressed in number of a certain type of blade at a certain tip 
speed) would be to obtain the design data as indicated in the data sheet. 
In order to accurately compare the given solidity ratios, fan blades with approximately the same chord 
width (+/- 5%) were selected in the different fan selection programs. 
 
Data used for the different fan selections are illustrated in the attachment on the last page of this paper. 
 
It appeared that each major fan manufacturer program came up with a very different number of minimum 
blades for the same tip speed, namely 
 

·  Fan Manufacturer A  4 Blades 
·  Fan Manufacturer B  5 Blades 
·  Fan Manufacturer C  10 Blades 

 
The difference in number of blades per fan manufacturer for the same work, illustrates in fact that some fan 
manufacturer have in our view an over-rated pressure capability on their simulation programs leading to 
problems such as fans stalling. 
 
Case 1 
 
In this case, a major Canadian Petrochemical Company had asked us to assist with a poorly performing 
new air cooler where we suspected the fans could be stalling leading to under-performance of this new 
forced draft air cooler unit. The manufacturer had selected a 6 bladed fan that was clearly not doing the job 
as illustrated in the graph below. This graph illustrates the air velocities measured from tip of blade to 
centre of fan (expressed in m/s) where we can clearly see the negative airflow at the tip of the blade as 
illustrated in the picture on the previous page. The measured static efficiency was 38% whereas a normal 
static efficiency should be between 55 and 65% for an axial fan. 
 

 

Air face velocities across fan blade

-8 
-6 
-4 
-2 
0

2

4

6

8

10

8 25 44 66 92 127

Fan 16 

Fan 14 

Centre of fan Fan tip 

Negative Airflow 



Page 4 of 8  Heat Exchange Engineering Asia Conference 2007 
GEA AIRFLOW SERVICES SARL   Nantes, France  
“Fan Pressure Capability In The Field Versus Design Values” 

 
After carrying out measurements in the field and simulations using other programs then the original fan 
manufacturer’s rating program, it appeared that the minimum number of blades was in fact 10 blades 
instead of the selected 6 blades. This was therefore a clear case of a fan with a too low pressure capability 
which was therefore stalling.  
In order to increase the existing fan pressure capability at minimum cost, we decided to increase tip speed 
and reduce pitch angle to obtain the same power rating as before. In order to increase tip speed, we 
increased diameter of the driveR sheave. By increasing driveR sheave diameter, you reduce ratio and 
therefore increase fan tip speed. 
This resulted in an increase in airflow of 33% at equal power rating as the static efficiency increased from 
38% to 64%. The graph below illustrates the change in air profile across the blade. By selecting a new fan 
tip speed, we were able to place the fan back on it’s fan curve which allowed the fan to function as 
forecasted by fan manufacturer. Another option could have been to change out the fan to a 10 bladed fan 
with equal chord width. 
 

 
 
Case 2 
 
It is often thought that maximum amperage corresponds to maximum airflow (thus maximum 
cooling/condensation). Up to a certain level this is true. However, there are a few things to keep in mind: 
 

·  While selecting a fan for a new air cooled heat exchanger, manufacturers have to keep in mind the 
minimum ambient temperatures according to climatic environment, meaning that a fan can not 
always be loaded up to full load current during summer conditions as the fan has been calculated 
to function with a 10% pressure margin (API661) at minimum ambient temperature that can vary 
considerably between summer and winter conditions in certain areas such as Canada, Siberia, 
Northern Europe, Russia, etc..  

·  Air Cooled Heat Exchanger manufacturers will select the minimum required fan (pressure 
capability) to reduce costs imposed by end users and EPC’s taking mostly only into consideration 
API661 standards and design/duty requirements 

·  Certain fan manufacturers can have over-rated design pressure capabilities versus reality 
 
Therefore, maximum amperage can also lead to a reverse effect in the field when operators try to maximize 
cooling/condensing by trying to fully load up the motors. 
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The example below carried out at a major European Refinery illustrates that maximum amperage is not 
always maximum airflow 

 
 
The original pitch angle was set at 12.0o with a relatively good static efficiency. The end user wanted to 
optimize its condensing capacity by fully utilizing its existing motor power of 37 kW. In order to convince 
the end user of the fact that in this case this was not such a good idea, we decided to carry out the pitch 
angle modification in two steps showing him what the optimal pitch angle would be. By doing so, we were 
able to demonstrate that in this particular case, 18.0o was the ideal pitch angle for his application. 
Increasing the pitch angle at 22.0o to obtain maximum amperage would only reduce its static efficiency and 
therefore airflow. The customer decided to pitch all fans at 18* after this demonstration. 
 

Pitch 
angle 

Increase 
in 

airflow  

airflow  Static 
pressure 

Motor 
Readings 

(kW) 

Static 
Efficiency 

12* - 62.4 
m3/s 

219 Pa 24.2 60.7% 

18* +/+10% 68.7 
m3/s 

262 Pa 31.1 62.1% 

22* -/-5% 65.0 
m3/s 

256 Pa 36.7 48.7% 
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Case 3 
 
Although it is stated in API661 paragraph 7.2.11 that “……Factors such as weather, terrain, mounting, 
environment and the presence of adjacent structures, buildings and equipment influence the air-side 
performance of an air-cooled heat exchanger. The purchaser shall supply the vendor with all such 
environmental data pertinent to the design of the exchanger. These factors shall be taken into account in 
the air-side design…” we do not feel that end users and EPC’s  always take that sufficiently into 
consideration in the design of air cooled heat exchangers with regards to the external fouling conditions in 
the field.  
More then once, we have seen air-cooled heat exchangers designed using only the rule of API661 7.2.1.3 
stating “……Fan selection at design conditions shall ensure that at rated speed the fan can provide, by an 
increase in blade angle, a 10% increase in air flow with a corresponding pressure increase……..” and not 
taking adequately into consideration environment such as stated in paragraph 7.2.11 of API661. In our 
view, this 10% air-flow margin (corresponding to approximately 21% in static pressure margin) does not fit 
all types of air-cooled heat exchanger applications such as for example  
 

·  Plants located near to areas where there is a seasonal pollen “outburst” caused by trees, grass, etc. 
·  Plants located near to areas where there can be insect plagues clogging the finned tube bundle 

rapidly 
·  Plant being located next to other sources of external fouling such as other plants (e.g. steel mills), 

open mines, etc. 
·  Certain finned tube bundle configurations that foul easily externally (tight transverse pitch, 

extruded serrated fins, high number of rows, high number of fins per inch, etc.) 
·  Certain air-cooled heat exchanger services where it is very difficult to stop a fan for external 

cleaning of the finned tube bundle due to small number of fans and criticality of service. Also a 
too high process temperature can hinder the cleaning of the finned tube bundle during operation 
where the cleaning then only becomes possible during shut down (mostly once in 3-5 years) 

 

    
“Fresh” external fouling created by Poplar tress  External fouling created by grasshopper plaque in African 
during the month of May in European Refinery Refinery 

   
External fouling created by insects in Asian External fouling created by pollen in the air 
LNG plant     in European Refinery 
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In such cases, we would recommend one or all of these options 
 

1. Selecting a fan with higher pressure capability then recommended by API661 paragraph 7.2.1.3.  
2. Design finned tube bundles with as little as possible rows, number of fins per inch and especially 

large transverse pitch  
3. Use of (semi) automatic cleaning equipment 
4. Possibility to “isolate” finned tube bundle for cleaning purposes 
5. Use different type of fins per row in order to make it easier to clean or to avoid fast clogging of 

finned tube bundle 
6. Use of special “filters” to stop periodical outburst of any type of external fouling 

 
 
Conclusions 
 
Before one designs an air cooler or upgrades an air cooler on the air side, one must take into consideration 
the following factors 
 

·  Is the theoretical fan pressure capability equal to the pressure capability in the field? 
·  Only people with years of field experience will be able to really determine a good upgrade on air-

cooled heat exchangers and identify the real problems on air-cooled heat exchangers as all is in 
fact empirical and not always theoretical 

·  Is the fan selection set at its ideal Operating point (the point where the system resistance line 
meets the fan performance line) in the field? 

·  Have I sufficiently taken into consideration the environmental conditions in my finned tube bundle 
(re)design and fan selection (pressure capability and available motor power) 
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Data Sheet used (graciously given by GEA BTT – www.btt-nantes.com ) to 
carry out selection with different fan manufacturer  selection programs 
 

 
 
 


