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Introduction

Air-cooled heat exchangers (ACHES) can be subgeatdny factors which may lead to low performance.
These include corrosion, fouling, process fluidpgass mal-distribution and many others. In addition
ACHESs have fans and drive systems which are albfestuto mechanical problems that may lead to iloss
performance.

The design and manufacturing of axial fans forcaioled heat exchanger applications has tended to be
limited to a relatively small number of manufactgrevhich has made their design into something of a
black art. This has not helped in the general wtdading of these fans and as a result, they aftenot
perform to their full potential due to a lack indemstanding of the end user and to a certain dexyee air
cooler manufacturers.

Fan Pressure Capability In The Field Versus DesigWalues

After having carried out fan performance testshim field for over 10 years, it appeared that certans in
the field were not performing to its expected levelmost cases, those under-performing fans wetkng
(cavitating) which resulted in extremely low staifficiencies. These low static efficiencies were often
caused by negative airflow at the tip of the bléateforced draft units and the centre of the fanifmluced
draft units as illustrated in the pictures below.

A fan in stall is caused by the fact that the fl@wpressure requirements have surpassed the lintteof
fan’s pressure capability which is no longer aldartove the air in an efficient way (see figure mglo
With a stalled fan, the boundary layer of air & liading edge is changed from laminar to turbulemt.

Stall point:

Airflow

! Static Efficiency = (Airflow in fits * Static Pressure in Pa) / (Fan shaft power W)kwhere Fan shaft
power is the absorbed power in substation * Eff; & electrical line losses * Eff;e
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Just like a pump, an axial fan (which is nothingrenthen an air moving pump), has a certain pressure
capability that is mainly determined by the followicriteria

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

It appeared that even fans on new air cooler waitdd have this problem leading to the idea thasgure
capability given by fan manufacturers could in @igw sometimes be over-rated. In order to find out,
design airflow & mechanical data (such as airflstgtic pressure, fan RPM, inlet conditions, etcasw
taken of a previously surveyed new air cooler uhét was having this very same problem. We then
decided to simulate this design data using differeanufacturers fan selection programs in orddimith

out what the minimum required solidity rafexpressed in number of a certain type of bladeartain tip
speed) would be to obtain the design data as itetlda the data sheet.

In order to accurately compare the given soliddyias, fan blades with approximately the same chord
width (+/- 5%) were selected in the different fafestion programs.

Data used for the different fan selections aresiitlated in the attachment on the last page opthier.

It appeared that each major fan manufacturer programe 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 manufactfor the same work, illustrates in fact thahsdan
manufacturer have in our view an over-rated pressapability on their simulation programs leadiog t
problems such as fans stalling.

Case 1

In this case, a major Canadian Petrochemical Coynpad asked us to assist with a poorly performing
new air cooler where we suspected the fans couldtéléng leading to under-performance of this new
forced draft air cooler unit. The manufacturer batécted a 6 bladed fan that was clearly not dttiagob

as illustrated in the graph below. This graph tHates the air velocities measured from tip of blad
centre of fan (expressed in m/s) where we can lglese the negative airflow at the tip of the blade
illustrated in the picture on the previous pagee Tieasured static efficiency was 38% whereas aalorm
static efficiency should be between 55 and 65%afoaxial fan.

Air face velocities across fan blade
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After carrying out measurements in the field andwations using otheprograms then the original fan
manufacturer’s rating program, it appeared that rtiieimum number of blades was in fact 10 blades
instead of the selected 6 blades. This was therefarlear case of a fan with a too low pressuraluitify
which was therefore stalling.

In order to increase the existing fan pressure lwhlifyaat minimum cost, we decided to increasedjieed
and reduce pitch angle to obtain the same powéngrats before. In order to increase tip speed, we
increased diameter of the driveR sheave. By inargadriveR sheave diameter, you reduce ratio and
therefore increase fan tip speed.

This resulted in an increase in airflow of 33% qui@ power rating as the static efficiency increlasem
38% to 64%. The graph below illustrates the changasr profile across the blade. By selecting a riaw

tip speed, we were able to place the fan back 'snfan curve which allowed the fan to function as
forecasted by fan manufacturer. Another option dddve been to change out the fan to a 10 bladed fa
with equal chord width.

Air face velocities across fan blade
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Case 2

It is often thought that maximum amperage corredpoto maximum airflow (thus maximum
cooling/condensation). Up to a certain level thigiie. However, there are a few things to keepiid:

While selecting a fan for a new air cooled heathexger, manufacturers have to keep in mind the
minimum ambient temperatures according to climatiwironment, meaning that a fan can not
always be loaded up to full load current during swen conditions as the fan has been calculated
to function with a 10% pressure margin (API661jraimum ambient temperature that can vary
considerably between summer and winter conditionsertain areas such as Canada, Siberia,
Northern Europe, Russia, etc..

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

Certain fan manufacturers can have over-rated dgsigssure capabilities versus reality

Therefore, maximum amperage can also lead to asewdfect in the field when operators try to maxan
cooling/condensing by trying to fully load up thetors.
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The example below carried out at a major Europesfim®ry illustrates that maximum amperage is not
always maximum airflow

Pitch [Increasq airflow | Static | Motor Static
angle in pressure|Readingy Efficiency
airflow (kW)

12* - 62.4 | 219 Pa 24.2 60.7%
ma3/s

18* |+/+10%| 68.7 | 262 Pa 31.1 62.1%
m3/s

22* | -[-5% | 65.0 | 256 Pa 36.7 48.7%
m3/s

The original pitch angle was set at 1°2:th a relatively good static efficiency. The emsker wanted to
optimize its condensing capacity by fully utiliziitg existing motor power of 37 kW. In order to gorce
the end user of the fact that in this case thismesuch a good idea, we decided to carry oupitich

angle modification in two steps showing him wha gptimal pitch angle would be. By doing so, weaver
able to demonstrate that in this particular ca8eIvas the ideal pitch angle for his application.
Increasing the pitch angle at 22t6 obtain maximum amperage would only reducetaticsefficiency and
therefore airflow. The customer decided to pitdHaals at 18* after this demonstration.
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Case 3

Although it is stated in API661 paragraph 7.2.1dt th.....Factors such as weather, terrain, mounting,
environment and the presence of adjacent structimgitlings and equipment influence the air-side
performance of an air-cooled heat exchanger. Thelmser shall supply the vendor with all such
environmental data pertinent to the design of tkehanger. These factors shall be taken into acciunt
the air-side design...tve do not feel that end users and EPC’s alwayssttzdt _sufficientlyinto
consideration in the design of air cooled heat argers with regards to the external fouling condgiin
the field.

More then once, we have seen air-cooled heat egehsudesigned using only the rule of API661 7.2.1.3
stating “.....Fan selection at design conditions shall ensure #haated speed the fan can provide, by an
increase in blade angle, a 10% increase in air fleith a corresponding pressure increase...” and not
taking adequately into consideration environmephsas stated in paragraph 7.2.11 of API661. In our
view, this 10% air-flow margin (corresponding tgpamximately 21% in static pressure margin) doesfihot
all types of air-cooled heat exchanger applicateush as for example

Plants located near to areas where there is arsggsalen “outburst” caused by trees, grass, etc.
Plants located near to areas where there can éet ipigues clogging the finned tube bundle
rapidly

Plant being located next to other sources of eatdouling such as other plants (e.g. steel mills),
open mines, etc.

Certain finned tube bundle configurations that feasily externally (tight transverse pitch,
extruded serrated fins, high number of rows, higimber of fins per inch, etc.)

Certain air-cooled heat exchanger services whesevitry difficult to stop a fan for external
cleaning of the finned tube bundle due to small benof fans and criticality of service. Also a
too high process temperature can hinder the clgafithe finned tube bundle during operation
where the cleaning then only becomes possible d@tiut down (mostly once in 3-5 years)

“Fresh” external fouling created by Poplar tress XEernal fouling created by grasshopper plaque inrisain

during the month of May in European Refinery Refing

External fouling created by insects in Asian Exteahfouling created by pollen in the air

LNG plant in European Refinery
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In such cases, we would recommend one or all cktloptions

1. Selecting a fan with higher pressure capabilithtrecommended by AP1661 paragraph 7.2.1.3.
2. Design finned tube bundles with as little as pdssibws, number of fins per inch and especially
large transverse pitch

Use of (semi) automatic cleaning equipment

Possibility to “isolate” finned tube bundle for ald@ng purposes

Use different type of fins per row in order to matkeasier to clean or to avoid fast clogging of
finned tube bundle

6. Use of special “filters” to stop periodical outbuo$ any type of external fouling

ar®

Conclusions

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

Is the theoretical fan pressure capability equalhéopressure capability in the fi@ld

Only people with years of field experienadl be able to really determine a good upgradeair-
cooled heat exchangers and identify the real pnaktn air-cooled heat exchangers as all is in
fact empirical and not always theoretical

Is the fan selection set at its ideal Operatingipgthe point where the system resistance line
meets the fan performance line) in the field

Have | sufficiently taken into consideration thezieanmental conditiongn my finned tube bundle
(re)design and fan selection (pressure capabitityavailable motor power)

References

[1] R.C. Monroe, Improving Cooling Tower Fan SystEffficiencies, Seventh Turbo-machinery
Symposium, Houston, 1978
[2] API Standard 661, Fifth Edition, March 2002

About The Author

Marc Ellmer is the managing director of GEA Airflo8ervices SARL (AFS). AFS is a company fully
owned by GEA Batignolles Technologies Thermique3 B world leader in the manufacturing of Air
Cooled Heat Exchangers (ACHE) and Air Cooled Cosden (ACC) with manufacturing facilities in
France, China & Qatar.

After having spent half a year as a trainee at Hnd3roducts Corporation (Houston, Texas) in 19@7, h
decided to return back to Europe to create his eampany called Elflow. Elflow was a company
specialised in assessing & improving air coolefgrerances. During that period, Elflow had servicegr

80 customers worldwide mainly in the Petrochemérad Refining sector. After 8 years as an indepetnden
Marc Ellmer decided to join the GEA group in orderbroaden its activities and take advantage of the
know-how and structure offered by GEA BTT.

Created in May 2006, GEA Airflow Services SARL, lmfully dedicated staff of 5 technical field seei
engineers and one office worker.

Marc Ellmer is a Dutch Citizen who was born in Zaim 1971. He has attended the Technical Univeddity
Delft and Higher Economical School of Rotterdamhblotated in the Netherlands.

Page 7 of 8 Heat Exchange Engineering Asia Conference 2007
GEA AIRFLOW SERVICES SARL Nantes, France
“Fan Pressure Capability In The Field Versus Desiglues”



Data Sheet used (graciously given by GEA BTT — www.btt-nantes.com ) to

carry out selection with different fan manufacturer selection programs
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