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Agenda — Session Eight

= \WWelcome and Introductions
» Safety and Housekeeping

= Agenda for Fan System Virtual INPLT (8 weeks)
= Today’'s Content:

Industrial Fan Systems Fundamentals
= Review of key points

Presentations from participants

= Summary of fans

= Potential Fan System Optimization Projects
Industrial Fan Systems Fundamentals

= More details about heat recovery in fan systems

= Q&A
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Safety and Housekeeping

= Safety Moment

o Fans can be dangerous, and caution should be used around fan systems

o Accidents can be life-threatening

= You are welcome to ask questions at any time during the webinar

= When you are not asking a question, please MUTE your mic and this will
provide the best sound quality for all participants

= We will be recording all these webinars and by staying on-line and attending
the meeting you are giving your consent to be recorded

o Alink to the recorded webinars will be provided, afterwards
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Review of Sessions 1-7

= Week 1 - Industrial Fan Systems Fundamentals and Introduction to MEASUR

* Week 2 - Fan and system curves, Fan types

= Week 3 — Fan affinity laws, Fan system controls

= Week 4 - Creating a fan performance measurement plan & selecting measurement planes

= Week 5 — Pressure considerations, Sizing ducts and estimating losses, Optimization techniques
= Week 6 — Psychrometrics and air density for fan systems, System effect in fan systems

» Week 7 — Fan system optimization strategies, Fan system evaluation with MEASUR

= Week 8 — Industrial Fan System VINPLT Wrap-up Presentations
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Optimization Benefits
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Centrifugal Fans
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Fan Accessories and Dampers
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Fan Curve Development

o

1. Measure: flow, pressure,
and power y

2. Plot Data Fan curve
3. Choke off Flow T

Fan curve

Pressure
1 1 1

Power
1 1
| |

Repeat Steps 1-3 until shut-off
point is reached.
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Fan Performance Curve with Efficiency
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VAV System Typical Characteristic Curve

Note: newer digital VAV systems have a very

System curve for a
VAV system

tiny differential pressure requirement across Py
the VAV
System curve for
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Motor characteristic curves

Current (% of full load), pf (%), and eff (%) vs load (%)
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Key Points / Action Items

1. Remember to include the non-energy benefits when
you are putting together the business plan to justify a
fan system optimization project

2. Use a power meter, if possible, when measuring the
energy draw of a fan system. If no power meter is
available, check carefully for the presence of
capacitors

3. Remember that the Fan System Optimization
Checklist is meant as a tool to prioritize potential
projects

Better
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Centrifugal Fan Types Summary

— Backward Curved (BCC) Radial Bladed (RBC)

v

— Backward Aerofoil (BAC)
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Axial Fan Types - Summary

Vane

Propeller Axial

(Includes guide vanes)

Tube
Axial

(no guide vanes)
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Key Points / Action Items

1. The fan curve and system curve together can be used
as a ‘road map” for navigating through a fan upgrade
project, or for diagnosing system flow and pressure
Issues

2. Beware of selecting fans with their operating point too
close to the surge point

3. Using the correct type of fan for the application is the
first step towards a reliable and efficient system

¥ Better
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Simplified Affinity Laws — density change

Changes in density when Kp can be neglected

6B RE 0. -0

P = Py x (pdp)

2 .
(?z] %j ]Zf V/j Psc Ps (PC/P)

P = P, > (pclp)

(%Zj (%/Zj [/k/ H. = H x (p./p)
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Simplified Affinity Laws — speed change

Changes in Fan speed when
Kp can be neglected

QC:QX(ch

N
2
Pcsz(ch
N
3
Hc:Hx(ch H = P xQ.
N 6356 xn
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Fan Performance Curve with Variable Speed Drive
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Fan Power Curve with Variable Speed Drive
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Fan Performance Curve with Variable Inlet Vanes
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Varying Power Curves for Variable Inlet Vanes

Power Curve
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Key Points / Action Items

1. When changing the rotational speed of a fan:
= The change in flow is directly proportional to the speed change
= The change in pressure is proportional to the square of the speed change,
= The change in power is proportional to the cube of the speed change

2. Normally slowing down the fan is more efficient than using a
damper to control the flow

3. Variable Inlet Vanes are generally the most efficient form of
damper control, since they impart a pre-swirl

4. Avoid using a VFD for constant flow application.

5. Especially avoid using a VFD for applications with high
constant pressure requirements

¥ Better
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Fan System Performance Measurement Tools

Fan performance is measured with the goal of definitively
establishing what the fan is doing. This goal includes completely
defining the performance of the fan as it relates to flow, pressure
and power.

Instrumentation includes:
= Manometers

= Barometers

= Tachometers

* Thermocouple

= Power meter
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Pitét Static for Connection to Manometer

Static pressure ports

4
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Total pressure port

Static pressure barb (P-)
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Measurement Grids — AMCA 203

DISTRIBUTION OF TRAVERSE POINTS FOR RECTANGULAR DUCT
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[image: image1.jpg]The recommended minimum number of traverse points for rectangular ducts is indicated below in Figure H-3. For
rectangular ducts with cross-sectional areas of 24 square feet and less, the recommended minimum number is 24,
For cross-sectional areas greater than 24 square feet, the miminum number of points increases as indicated in
Figure H-3. The points are to be located in the centers of equal areas with the areas as nearly square as practical
(see Figure H-2). If the flow conditions at the traverse plane are less than satisfactory, the accuracy of the
determination of flow rate may be improved by using more than the recommended minimum number of points.
Fewer points may be used if the flow is very uniform; however, the maximum area covered per point should not
exceed 3 square feet.
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Measurement Grids — AMCA 203
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Measurement Grids — AMCA 203

NUMBER OF
INSIDE TRAVERSE
DIAMETER | POINTSIN | Ki [ Kz | Ks [Ks | Ks | Ke | K7 [ Ks [Ks [Kio [Kit |Kiz |Kis [Kia [Kis |Kas
OF DUCT | EACHOF 3
DIAMETERS
D X LESS
THAN 8 ft 8 .021/.117].184).345|.655|.816(.883|.979| — | — | — | — | — | = | = | —
8 ft THRU
12 ft 12 .014|.075|.114.183|.241|.374|.626(.759 |.817|.886(.925|.986| — | — | — | —
GREATER
THAN 12 ft 16 .010].055|.082|.128].166|.225|.276|.391 |.609|.724|.775|.834 |.872].918|.945.990
/
Xg = Dx K,
where D Is the inside diameter of the duct and K, is the factor corresponding to the duct size and the
traverse point location as indicated in the table below.
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[image: image1.jpg]DISTRIBUTION OF TRAVERSE POINTS

In order to obtain a representative average velocity in a duct, it is necessary to locate each traverse point
accurately. It is recommended that the number of traverse points increase with increasing duct size. The
distributions of traverse points for circular ducts, as indicated below, are based on log-linear Pitot traverse method.
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Flow Traverse Plane Criteria

1.
2.
3.
4.
5.

Uniform velocity distribution

Flow stream at right angles to plane

Regular duct cross section (i.e. rectangle or circle)

Uniform cross section at plane (not diverging or converging)

If in a converging or diverging section, the plane is at the tip of the
pitot tube.

n a section of duct unaffected by leakage

f at the fan discharge, then a 100% effective duct length is needed
f at inlet, 72 duct diameter upstream of inlet

fin inlet box, then 12” downstream of inlet damper trailing edge

© N
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Key Points / Action Items

Proper selection of measurement planes is critical when setting
up an in-situ fan performance test

Ideally, the traverse plane should be located in a section of duct
that is at least a few diameters downstream of elbows or other
flow impediments, and relatively near the fan inlet if possible.

Avoid putting the flow traverse plane on the outlet of the fan, if
possible

For dusty airstreams use an S-type pitot tube and make sure you
apply the correction factor

Work with a mentor to gain experience in conducting a fan test —
somethings are not possible to learn from a book or a webinar —
they require hands-on training.

¥ Better
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Fan System Pressure Considerations

Bernoulli's equation determines the relationship between the static
pressure (P,), velocity pressure (P,) and total pressure (P,).

P.=P,+P,

The fan static pressure is defined in AMCA measurement protocols
as the outlet static pressure minus the inlet static pressure minus
the inlet velocity pressure:

Ps = P82 _ Ps1 o I:>v1

Better U.S. DEPARTMENT OF
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System Pressure lllustration- Positive Pressure

TOTAL PRESSURE _ STATIC PRESSURE _ VELOCITY PRESSURE
345 Pa (1.39 in. wg) 97 Pa (0.39 in. wg) 248 Pa (1.00 in. wg)

@\ ™ (M)

¥
j 20.3 m/s
[g]# AIRFLOW ———— = (4005 FPM) (%

345=97 + 248

EEEEEEEEEEEE

Better u.s.
@ Plants ENERGY



Easy and Hard Bends
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ASHRAE Duct fitting database ap

$999 Ap Works App Store Preview
on Iphone, Ipad

HVAC ASHRAE Duct Fitting Database [+

» Separate ASHRAE) SN
version for Duct Fitting I
Computer $147 Database
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Key Points / Action Items

“follow” a particle of air through the duct system and examine
the trade off between static pressure and velocity pressure.

Remember that as the velocity goes up due to a duct
constriction, the velocity pressure goes up also, so there is a
correspond/ng decrease in the static pressure

When materials are conveyed through the fan system, ensure
that velocities are high enough to keep particles entrained,
but not excessive to incur additional losses

Use easy bends and gradual transitions in ductwork

Use ASHRAE ductfitting ap to estimate duct losses

Better
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Skeleton Psychrometric Chart
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Density Shortcuts: Adjust Known Density

If the density of a mix of gasses is known at a given
temperature and pressure you can adjust the
density for a new temperature and pressure
according to the perfect gas laws

— Xlxﬁ
Where: lOC 10 Tc })c

p. = the new density, in kg/m3 (Ib/ft3)

p = the original density, in kg/m3

T. = the new temperature, in kelvins (Rankine)

T = the original temperature, in kelvins

P_. = the new absolute pressure, in Pa (in. Hg)
P = the original absolute pressure, in Pa (in. Hg)

¥ Better
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Normal Temperature Psychrometric Chart
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System effect on the fan outlet
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System Effect at Fan inlet

LENGTH
OF DUCT

-

Figure 9.3A - Non-Uniform Airflow Into a Fan Figure 9.3B - Non-Uniform Airflow Induced Into
Inlet Induced by a 90°, 3-Piece Section Elbow-- Fan Inlet by a Rectangular Inlet Duct

No Turning Vanes
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Key Points / Action Items

The density will vary at the various measurement planes
because the temperature and the local pressure will vary
among the planes

Density is an important factor in the analysis of the in-situ
performance test data. It is important to pay attention to
calculating it as accurately as possible.

Weight of dust is not included in the density calculations
covered in today’s course

. Abruptturns at the inlet or outlet of the fan, the lack of an

outlet duct, and other factors can prevent the fan from
achieving its laboratory tested performance because of the
phenomena called “system effect”

¥ Better
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Polling Question 1 & 2 Polling Question

1) Do you think there might be heat recovery opportunities at your
facility?
A. Yes, | think there might be
B. Not certain, but possibly might be
C. Probably not

2) Which of the following would you be most interested in learning more
about?

Alir to air — Fixed plate

Air to air - Heat wheel

Alir to air - Heat pipe

Air to water or air to steam for power generation

OO0 W »
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Heat Recovery Strategies

In many fan systems, the thermal energy being carried by the fluid

far exceeds the electrical energy driving the fan motor. In all too
many cases the energy is dumped to atmosphere or discarded.
» Glycol Run-Around System
= Air-to-Air

= Flat plate

= Heat Pipes
= Heat Wheel

= Air to Water
= \Water to Air

Better
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Heat exchanger effectiveness

Effectiveness

» The effectiveness of a heat exchanger is a measure of the
amount of heat recovered vs the theoretical maximum amount of

heat that could be recovered
» Effectiveness can range from 0% to 100%

= “Real world” heat exchanger effectiveness usually 40 — 80%
» Used as a measure of sensible heat transfer

EEEEEEEEEEEE
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Glycol Run- Around System

N
v
— EXHAUST AR
SUPPLY AR =
5 )

HEAT PROVIDE VA

RECOVERY GRADE A

COIL PREFILTER ON

UP STREAM SIDE
OF COIL
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Glycol Run- Around System

Advantages %
= Exhaust and intake need not be right o ©
next to each other .E —)— _"
= Glycol means system can operate - =
below freezing ey | T O o

- PREFILTER ON
UP STREAM SIDE
OF COIL

COIL

Disadvantages

= Two-stage heat exchange diminishes Best Application:
effectiveness Wh h : hvsical
= Parasitic power loss in pump ere : ere Is a pnysica
= Piping can be expensive separation and a large
" Possible leaks temperature difference between

n I —_ -60° .
Low effectiveness — 40-60% exhaust and intake gas streams
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Air-to-Air — Flat plate

R \\\\\\\ W

\\\\\,‘

Make-up Air Unit Double Pass
Arrangement
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Air to air - Flat Plate

Advantages

= One stage heat transfer

= Simple construction

= No moving parts other than fan
* |ow pressure loss

= Up to 80% effectiveness w/two-
stage

Disadvantages

= Exhaust and intake gas streams
must be in reasonably close
proximity

Best Applications:

Clean air applications (relatively)
Supercharging a dehumidifier
New construction
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Industrial flat plate heat exchanger
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Using Air-to-Air HX to Super-Charge a
Dehumidifier

. Dehumidified /
\_ Chilled Air /  /

Precooled /77 |© ./
Outside Air /

§ / Cecling
D gt / Coll

Reheated - Py ey I~

Supply Alr .~ ~
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Heat Pipe Inner Workings

EEEEEEEEEEEEEEE
WICK STRUCTURE

NNNNNNNNN

J\/\A/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\M/\/\/\ |

/<><><><><><><v\ ORK KKK AR A A WM

——~ HEATTRANSFER — =
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Heat Pipes in Side-by-Side Heat Recovery

Arrangement

k

Center partition Separates Airstreams

SUPPLY

Individual
Heat Pipes
Make Up An
Exchanger

EXHAUST
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Heat Pipes

EEEEEEEEEEEEEEE

Advantages \ CCCCCCCCCCCCCCCCCCCCC
* Low pressure loss J\ﬁ/\,/\/\A_/\/\/\/\/\/\J\/\ﬁ/\/\ UUUUUULULL
= Few moving parts, no pump S
Disadvantages \/\/V\/\/\/\/V\/\/V\/V\/\/\/\/V\/V\/\/\/\/\/V\f?
= Exhaust and intake gas streams V o
must be in reasonably close o
proximity Best Applications:
= Gas should be pretty clean Clean air applications (relatively)

= Frost can form in cold climates

Supercharqging a dehumidifier
unless care Is taken to avoid it P 9ging

EEEEEEEEEEEE
Better

@Plants ENERGY



Heat Pipes used to supercharge dehumidification

73.0 °FDB

61.8 °FWB

55.0 °FDP :
27.64 Bw/lb

Precool Heat Pipe ; Reheat Heat Pipe
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Heat Wheel Make-Up Air Heat Recovery Unit

= \Wheel can be made
of porous material
to recover latent -
heat

= \Wheels made of
» Fibrous paperboard
= Silica gel
= | arge silica gel
wheels can be very
heavy
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Heat Wheel

Advantages
= Can capture latent heat
» High effectiveness

Disadvantages

= Exhaust and intake gas streams must
be in reasonably close proximity

= (Gas should be clean

= Possible to re-introduce chemical or Best Applications:

biological contaminants in exhaust : Sy
= Silica gel wheels can be extremely HVAC Clean air applications

heavy in larger sizes (relatively)
New construction

U.S. DEPARTMENT OF
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Air to Water

Flue Gas Heat
Recovery Tube Bundle Steam Generator

EEEEEEEEEEEE
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Heat Recovery Steam Generator

Advantages

= |f the gas stream is hot enough
you can generate steam

= Steam can be used drive a
turbine and generate electricity

Disadvantages

= Avoid condensation in the gas
stream

* May need corrosion resistant
material

Best Applications:
High temperature flue gas recovery
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Water to Air

= Easiest heat recovery s
when there is hot water
already available from a
process, such as water-
cooled ductwork, furnace
jacket water, etc.
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Calculating heat availability

0 = Can also use the difference in
Q=M-Cp - AT the enthalpy from MEASUR

M= mass flow rate Psychrometric calculator

Cp = specific heat
AT = temperature difference

In S| units, for air:

kd= 4387 x md/s x AT
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