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keystone of system performance...
Cooling-Coil Heat Transfer
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keystone of system performance...
Cooling-Coil Heat Transfer

Coil surface area
RQ=UxAxLMTD

The third determinant of heat transfer
Is the coil's surface area. Typically, fin
spacing for comfort heating or cooling
ranges from 80 to 168 fins per foot.
Spacing the fins closer together
multiplies the surface area by
permitting more fins per linear unit.
Although the airside pressure drop may
increase, adding fins extends the
available surface area without affecting
the overall size of the coil.

Adding rows of tubes also Increases
the heat-transfer surface area. Most
colls are constructed with same-end
connections, so rows are usually added
In pairs. The weight and cost of the coll
Increase accordingly, but the airside
pressure drop may not. (Wider fin
spacing often accompanies the
decision to add rows.)

The best way to extend the surface
area for heat transfer is to decrease the
face velocity of the coll, that 1s, face
area relative to airflow:

airflow
face area

face velocity =

Face velocity can be reduced in one
of two ways: by increasing the size of
the coil or (paradoxically) by reducing

the required airflow. Selecting a
physically larger coil increases the
initial investment in the coil and the air
handler, and may also enlarge the air-
handler footprint... seldom desirable
outcomes. So, how can we reduce the
required airflow without sacrificing coil
capacity?

Improving Coil Performance

Lowering the supply air temperature
reduces the amount of air required for
sensible cooling and saves fan energy.?
From our review of the heat-transter
eauation. we know that: less airflow

Increases airside film resistance, which
reduces heat-transfer coefficient I/ and

requires colder air, which decreases
LMTD (Figure 4, p. 4).

To compensate for the negative effects
on coll performance that accompany
less airflow, we must find a way to
increase U (heat-transfer coefficient)
and/or A (surface area). In other words,
we must select a cooling coil with
betterthan-average heat-transfer
characteristics.

Increase U. Recall that turbulent flow
reduces the film resistance to heat
transfer. Choosing a fin configuration
with a more pronounced waveform
and/or adding turbulators inside the coll
tubes will improve the heat-transfer
coefficient.

Increase A. Any additional increase in
heat-transfer capacity must be achieved
by physically increasing the available
surface area; that is, by:

m Adding rows
m Adding fins

m Increasing the physical size of the
coll (which will increase the initial
costs of the coll, air handler, and
airside accessories)

* Eppelheimer, D., “Cold Air Makes Good $ense,”

Engineers Newsletter 29 no. 2 (2000).
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For example, the HVAC design for a
400,000 ft2, seven-story office building
includes blow-through air handlers (one
per floor) with chilled water coils and
variable-volume air distribution.
Originally, the design conditions
required each air handler to deliver
55,385 ft3/min of 55°F air. Figure 5 (p. 4)
summarizes the results of a study that
evaluated the benefit of supplying
colder, 52°F air. Neither the air handlers
nor the waterside design conditions
were altered.

Reducing the coil face velocity from
552 ft/min to 469 ft/min and increasing
the number of fins per foot from 124 to
152 provided the additional heat
transfer needed to reach 52°F Not only
was the airside pressure drop less, but
the lower face velocity also alleviated
concerns about moisture carryover.

In this case, improving heat-transfer
performance and selecting the coils
based on a closer approach (TD)
reduced the required airflow by

15 percent...and yielded annual fan-
energy savings of almost $12,000 usD.

Note: Improving coil efficiency by
reducing airflow offers two benefits—
it requires less fan horsepower and it
reduces the cooling load (via less fan
heat). Of course, cooler air may require
more reheat. A detailed energy analysis
should be performed to assess the
economic impact on the entire HVAC
system and, ultimately, on building
life-cycle costs.
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“Low-Flow"” Coil Performance

Two objectives underlie the design of
virtually every HVAC system: lower first
cost and lower energyv (life-cycle) cost.
These goals are largely responsible for the
erowing popularity of “low-flow” chilled
water systems. “Low-flow” designs provide
required cooling capacity by using less
water at colder temperatures, essentially
trading an increase in chiller energy
consumption for a greater reduction in
pumping costs.

How does reduced water flow affect the

performance of the cooling coil? An
understanding of thermodynamics and the

80'F —

heat-transfer equation, @ = U x A x LMTD,
tells us that less water flow through the
coil tubes reduces heat-transfer coefficient
U (waterside resistance to heat transfer
increases). But as the graph below
illustrates, the log-mean temperature
difference (LMTD) increases because the
entering water temperature is colder.

The higher LMTD that accompanies low
flow offsets the reduced heat-transfer
coefficient. In effect, the capacity of the
coll remains the same whether the water
flow is 127 gal/min or 77 gal/min—without
changing surface area A. =

® T T 0ot

Closing Thoughts

Q=UxA x LMTD reminds us of
the extent to which we preordain the
capital and life-cycle costs of an HVAC
system. Specifying the entering water
and leaving air temperatures that all
cooling coils must meet not only
determines the required mass of air
and water, but also the costs of moving
them.

The next time that you select a coill,
invest a few extra minutes to explore
the LMTD effect with lower chilled
water temperatures and colder supply
air. You'll find that the potential benefits
are simply too attractive to ignore. m

EWT
TD, = EAT - LWT

10°F AT waterside, 25°F AT airside:

26-11 _
In(26/11) 174

23 - 15

LMTD = +53715)

LMTD =

Figure 4. Effect of supply air temperature on log-mean temperature difference

EAT

TD, = EAT - LWT TD, = LAT - EWT

10°F AT waterside, 25°F AT airside:

28 -13
fn{28-13)

10°F AT waterside, 28°F AT airside;

28 - 10 17.5

19.6 LMTD = u"._rt[EEr"lﬂJ_

LMTD

(127 gal/min)

15'F

\ 40°F

(77 gal/min)

TD, = LAT - EWT

17°F AT waterside, 25°F AT airside:

=187

Figure 5. Supply air temperature versus annual fan energy consumption

SUDRlY air Bnnua

Design Parameters Before After
Coil FOWS 4 4
fin spacing 124 152 fins/ft
face velocity 552 469 ftfmin
Airside LAT B5°F 52°F
flow volume 55,385 47077 ft¥min
pressure drop 0.62 0.56 in. wg
Wataersida EWT 42°F 42°F
flow volume 222 219 gal/min

prassure drop 31.7 30.9 ft of water

Energy savings were projected with Trane's
system Analyzer™ software (version 5.08.09), and
are based on a 400,000 ft2 building and variable-
volume air distribution.

LAT = leaving-coil air temperature
EVWT = entenng-coil water tamperature

By Don Eppelheimer, applications
engineer, and Brenda Bradley,
information designer, Trane.
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