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Ductwork that Delivers
HVACDesign Concepts
\ Air Conditioning requires 450 CFMs*
A 1,350 CFMs weighs 135 Ibs, and has

. //I//FIOW Concepts: 1 cubic foot weighs 1/10 Ib.
per otono of cooling
to flow to every room on every floor.

/ / (almost)
/ //nder pressure acts like a liquid,
nd the rules of fluid dynamics apply, |, N
A
/ A 1 N
" : | -
s — o CUBI —
A A 3-Ton air conditioner needs to move = FOOT
1,350 CFMs of air to be most effective, : e

*CFMos = Cubic Feet Per



Ductwork that Delivers
HVACDeS|gn Concepts

Ik d takes  energy:

and fa /domg the equivalent work
—’fv kR pounds from the

D e :
/gvﬁr every minute!

(,\f"i'—f i | Yyl J
W per Minute o

! Per Hour “ ‘
ow

That 0s 8, 100 pounds
weight of an H1 Hummer!
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Historical HVAC Systems




Historical HVAC Systems
Standard Practices 1980s02010s

A
A

reason people request energy-audits
and HVAC service calls and diagnostics:

omfort complaints are the number one

Rooms & floors that are harder to
heat or cool vs. rest of the home,

Overheating upper floors in summer,
cold basements in winter,

Bonus rooms, tuck-under garages,
and additions t hat,
with the thermostat, that are :

seasonally too hot or cold. . _
Typical o b r o-k e n with up to 10 -degree

variance in temperature from thermostat!




Historical HVAC Systems

Standard Practices 1980s02010s

- Challenges:
/ A Single zone of just one thermostat
/ and one blower fan for whole house,

A Heat loads (summer) & heat losses
(winter) vary widely by room, floor
and/or zone.

A Often three floors w/two floors
above grade, and a basement, with
a total of 15 (or more) rooms.

Typical 0 b r 0-k e n with up to 10 -degree
variance in temperature from thermostat!



______________

Practices 1980s02010s  _
ol tos Too Hoft

xe Scenario (almost) : i : ‘ A

A No supply or return trunk -line transitions,
/ PRIy =
\ Squaredoff 90-degree return plenum, Hm -

/ | Under-sized one-inch wide filter, smallest
/ length x width, w/h i gdtaticép r e s s,u

A Restrictive low air -flow A/C evap coil with

high static pressure,

AoEffective | engtho o,’”

pictured = over 500 feet!




Better HVAC Design

Residential Air-flow Bottlenecks

The restrictive junction pictured
exceeds the ostatic -p r e s s limit:
f the 2niir= ho:e’s HVAC e N

Return-air duct (plenum)
deadheadsinto concrete fla tour,

,,,,,

The measuredo e f f e c t i v efthis gnctiom (tv/dlter)
Is about 500 feet vs. actual length of 3 feet.



Ductwork Design Basics
Common Air-flow Bottlenecks

High static -pressure restricts air -flow
at these common: bottlenecks:

Square return-air duct at furnace
Undersized restrict.
Tight furnace blower fan/motor cabinet,
Condensate drain in A/C caoill,

Restrictive evaporative coil for A/C,

o To Io Do I» I

Supply plenum to trunk -line junction.

Checking air-flow and static -pressure to
ensure the best performance.



Ductwork that Delivers
Better HVACDesign

The goal of HVAC designers is to...

A Chooseproper equipment size/capacity

A Reduceot ot al -pxtestsiua e 6|

By...

A Reducingot ot al ef f ecdfi
the entire ductwork system,

With...

A Less restrictive filters and A/C coils,

A Better air-flow and smooth transitions,

To...

A Deliver the right amount of heating and
cooling to each unique room on all levels
of the entire home...

“"‘"'

4 JEREE S
o WL e o g 4:;4'- .

=)



Better HVAC Design
Reduce -@BE&B

) St apg rr s s fordectwork air -flow
S similar to: blood pressure  for people:

Restrictive ductwork leads to:
uneven heating & cooling,
weak air-flow to long runs &

inr‘r 'n e—: electricity consum
0 higher amp -draw for blc

more f rez;u&-nt epairs
equipment life; fan mc
motors, heat -ex




Better HVAC Design
Reduce o0Tot al

There is a huge difference
Nthe oef f ed inygeé
(versus actual length) of
these two sections of
ductwork.

INEFFICIENT

BRANCH LOSS COEFFICIENT - APPX. 1.20
(HEIGHT/WIDTH = 1.0)

The longer the total
effective -length of a
ductwork system, the less
likely it will be able to
deliver the needed air -flow
throughout the building.

LACK OF TURNING VANES CAUSES
EXCESSIVE TURBULENCE IN FITTING:
RESULTS IN VERY HIGH PRESSURE DROP

Effective Length of this90 °
bend = 60 - 120 feet!

Ef fect |

VIE

EFFICIENT

BRANCH LOSS COEFFICIENT - APPX. 0.21
(RW=1.0, HEIGHT/WIDTH = 1.0)

R

W RW=1.0 (MINIMUM)
RIW = 1.5 (RECOMMEND

SMOOTH RADIUS ENSURES UNIFORMITY OF
AIRFLOW, GREATLY REDUCING TURBULENCE;
RESULTS IN VERY LOW PRESSURE DROP

Effective Length of this90 °
bend = only 10 feet

L«
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Ductwork that Delivers
Choosing the Right Filter

AoHi-Bhficiencyod filte
particles but reduce air -flow significantly,

A Smaller filters, with higher 0 MERV 6 r
are very restrictive to air -flow,

A Increasing surface area of the filter is the
easiest ways to improve air -flow, efficiency
and climate control,

A Filtration has a much bigger impact on air -
flow, climate control, and efficiency than is
generally recognized.

Bigger is Always Better!

r «

a

https://www.pvhvac.com/blog/this  -is-why-

people-love-media-filters



https://www.pvhvac.com/blog/this-is-why-people-love-media-filters

Better HVAC Design
Excellent Return -Air Ductwork

Restrictive Return - -Air Side Probl

> '“0"-'*“ t diu JRREEN A
pboxes under furna flov [ ==
and less resistal
flL\/fJe 1200

Dramatic performance
Improvement for additional cost of
only $200 - $400



Better HVAC Design

The Advantages of the
0 S l-pac!

Over-s i-zed | |
media filter with low:
Static -pressure drop,

Radius elbow In return
plenum,

Air-box directly under
blower fan/motor =~
assembly allows more-

1T

air-flow through unit.

Filter Area = 2.0 square feet for each 400 cfm of air flow!



Ductwork that Delivers
Riser to Trunk Line Transitions

Effective length w/o transitions = 120 ft Negligible additional cost for much better
VS. with transitions = only 20 ft: climate control and efficiency:

Straight plenum with straight take-offs

Improved airflow

Straight plenum with flared take-offs




Ductwork that Delivers

. .
Tapered transition reduces static - \ %gth of supply riser to

2 q £L, . 5 } 7 .
pressure and effective length: n = only 10 ft.
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Better HVAC Design

Yesterdayos

nnual Operating Cost of
/AHP Fan Motor:
leating: 750 watts x 1,000 hrs

P~
(A Q.‘
W <

0.15 per kwh = $113

A
I\
2

9 )

 e——

.....

Full-t i me -ohanmode i
homes results in much higher costs =

$350 per yr (3500 kilowatt hours).



Better HVAC Design
Energy Efficient Fan Motors

motors are called:
-speed, DC-Brushless, or
ically Commutated Motors (E C MO0 s )




Better HVAC Design

Return on Investment:

'hese more efficient motors add $400 to
U'pt ront «c
4-year payback period in small/medium

{

Slzed homes.
) L2 /ey e {- ~\ Lf\ YN/ (\‘f‘,(“ J 1 :" —‘."u‘"' ’ ‘F TaalTaleg
c.0-yedl PayDaCK pPerioc I lal 5-:!‘ 101T1ES,

ECM fan-motors save energy when
nstalled in well  -designed HVAC
systems with better air  -flow and
ower static -pressures...
but E CMICGRE ENERGY in restrictive
ork with high static -pressures.



Better HVAC Design
ECM/DCBrushlessMotor Efficiency

High Static -Pressure Increases Energy-Use
at Constant Air -flow, with No Benefits:

1200 CFM of air -flow at five different
total external static -pressures (TESP):
mam) 1) at 0.1 TESP = 170 watts,
2) at 0.3 TESP = 230 watts,
mmm) 3) at 0.5 TESP = 285 watts,
4) at 0.7 TESP = 345 watts,
mm) 5) at 0.9 TESP = 405 watts,

- Ideal Ducts Good Ducts
Energy Savings: low to high TE$P % Electricity Savings | % Electnclry Savings | % Electnclty Savings

' Blower Only - Heating 65 to 71%
| Blower Only - Cooling > 45t0 51% -11.2%to-10.7%




Ductwork that Delivers
Better Air -flow Evaporator Colls

Indoor AC Evaporator Coll Issues:
Static Pressure Affects Air-flow

Typical Static-Pressure = 0.25to0 0.35 i.w.c.*
Upgracde Air-flow Coil =0.09 to 0.15 i.w.c.*

*TXV = Thermal
Expansion Valve

Additional Tips:
Upsize coil by %2 ton = higher SEER rating,

TXV* is critical for efficiency, costs $100. Higher Air -flow Coil =

only $100 extra!

*l.w.c . = inches water column, a unit of pressure



Ductwork that Delivers
Air-flow Issues with Evaporator Colls

Condensate pans partially block critical cooling airflow, reducing airflow
and cooling near the condensate pan:

clocity Mugnitude (m/s)

Figure 6 Map of Velocity Magnitude for 1200 CFM Dry Coil

Less airflow near drain pan:



Ductwork that Delivers
Better Air -flow Evaporator Colls

P2 y SldeAII‘ﬂOW
/ ¥ _

///

/ A ndoor AGcoll to improve
fow past the coil drain pan.
.

|derAC coils reduces pressure
drop across the evaporator caoill,

/ Access door allows for inspection
/ and cleaning of clogged AC-caills,
A System Service Transition (SST)
costs $115 retail.




Ductwork that Delivers
ORul e of Two

" ank end

Never locate a takeoff in the end -cajp
L

I K lines to 24 ftin length

N NI 48 N

not al ways best),

https://hvactoday.com/0719 -two -foot-rule/




