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Last time

* Energy and mass balances on psychrometric processes
— Sensible heating and cooling
— Heating and humidifying
— Cooling and dehumidifying
— Mixing of airstreams
— Evaporative cooling

« HW 4 assigned
— Due Tuesday October 18



IP unit examples

« Moist air, saturated at 35°F, enters a heating coil at a rate of
20,000 CFM and air leaves the coil at 100°F

— What process is this?
— Find the required rate of heat addition
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0.00428

35°F 100°F
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IP unit examples

Moist air at 85°F dry-bulb temperature and 50% RH enters a
cooling coil at 10,000 CFM and is processed to final
saturation conditions at 50°F

— What processes is this?

— Find the tons of refrigeration required /

REFRIGERANT
L

=] 0.01292

, =| 0.00766

S50°F 85°F
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IP unit examples

« A stream of 5000 CFM of outdoor air at 40°F dry bulb
temperature and 35°F thermodynamic wet bulb temperature
Is adiabatically mixed with 15,000 CFM of recirculated air at
75°F dry bulb temperature and 50% RH

— What processes is this?

— Find the dry bulb temperature and thermodynamic wet bulb
temperature of the resulting mixture /
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IP unit examples

* Moist air at 70°F dry bulb temperature and 45°F wet bulb
temperature is to be processed to a final dew point of 55°F
by adiabatic injection of saturated steam at 230°F

 The air flow rate is 10,000 CFM

— Find the rate of steam flow required
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Real data: ASHRAE RP-1299
Energy implications of filters

Temperature and humidity ratio differences across AC coils in homes
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Real data: ASHRAE RP-1299
Energy implications of filters

What are we looking at? » g
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OVERVIEW OF HVAC SYSTEMS

What do they look like and what are common processes?
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HVAC systems overview

« Primary mechanical systems

— Vapor compression systems (i.e., chillers and condenser units)
 Electrically driven
* Thermally driven

— Cooling towers
— Evaporative coolers

* Secondary mechanical systems
— Distribution systems (both air and water)




Typical components of an HVAC system

Outside air
o/ intake

Secondary
components

Primary
components

ﬁ el water, and coaling tower
- \ _»’J’(ﬁ.&- N
/ %ﬁ X =
' \ 4 % <

=
.

Boiler N
\-‘ '\
\‘\\ ',
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HVAC system design options

We can rely on central HVAC systems
— One system per building

— May control all zones similarly or different zones differently
* Depends on system type

Or we can rely on distributed HVAC systems for every zone
— Motels, strip malls, apartment buildings

Need to figure out what medium we will use for heat transfer
— Air, steam, water?

Need to determine what capacity and efficiency we need
— More on this in future lectures



Central vs. distributed systems

Central systems

Large equipment has higher
quality, efficiency, and
durability

Maintenance is
concentrated in one place

Noise is removed from zone

Diversity of loads allows
lower installed capacity

Can use thermal storage
solutions

Distributed systems

Easy to provide zoning
Direct control by occupants

Easier independent
scheduling for energy
savings

Generally lower capital

costs and shorter lead time
for equipment

Don’t need dedicated
maintenance staff

Can often install on roof
(saves room in the building)



Typical central residential system

Main processes:
Heating

Cooling
Dehumidification
Filtration

Air distribution (recirculation)

On/off control

ROOM
Sl THERMOSTAT

Ny
22,

OUTDOOR
AIR'HEATED

CONDENSATION:
DRAIN TUBE

HEATING
COMPARTMENT
(OFF IN SUMMER) =

FURNACE
BLOWER
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Typical central residential system

How an Air Conditioner Works:

Similar to how a refrigerator works, air conditioners transfer heat
from a home's interior to the warm outside environment.

@ Evaporator Blower © Condenser

Cooling coils A blower (or fan) Hot coils release

remove heat and circulates air over the the collected heat
humidity from the air evaporator, dispersing into the outside air
using refrigerant the chilled air

@ Compressor

A pump that moves
refrigerant between the
evaporator and the
condenser to chill the
indoor air.

@ Fan

A fan blows air
over the condenser
to dissipate the
heat outside

@ Filter

Located in the air A control system to
conditioning unit to regulate the amount
remove particles of cool air that is
from the aur. distributed

@ Thermostat

21



Typical central residential system w/ upgrades

U AT Humidifier
Outdoor < (optional)
condenser/compressor
unit

(cooling)

Cooling
coil

Heating
element

——

AIRFLOW

.

Main processes:
Heating

Fan

DU A0ARE o ©

Q
Humidification ""'I’W‘”’ 0
Cooling _
Dehumidification Hondling  ®
Filtration Unit (AHU)
Air distribution — N

(recirculation + ventilation)
On/off control (or variable control)

Mechanical
ventilation
(optional)

=

COMFORT VENTILATOR™

\—COMFORT ZONE™ II
EQUIPMENT CONTROLLER

~—— FURNACE (WITH FAN AND FILTER)

AIR CLEANER

AIRV
//<

Filter or other air cleaner —
™~ _ A98600




Typical large distributed commercial systems

Distributed systems moageo_ [V
"Packaged” units : p—

" ity
I———————————— n o
$ A

/N e
SUPPLY RETURN
|

AC
UNIT

; m nﬂﬁ




Typical large distributed commercial systems

Condenser fans Filters & cooling coil

Highly efficient propeller Generously sized for Sjmw
fans and motors, sized for efficient low velocity, easy access mconuots
Condenser operation at part load for cleaning damper

Evaporatively cooled,
oversized to reduce /
condensing temperature

and compression ratio, /
designed for smooth w;:,":,f'
air flow

Packaged
systems

vater
spply T

Highly efficient backward-curved
sapply aif out zirfoil blades, efficient motor,
/ \ @ ASDspeedo  °
\

Double skin construction
Contains two or more inches of Multiple compressors,
insulation, light color reflects sized for efficient

solar heat operation at part-load

Compressors




Typical large distributed commercial systems




Typical large distributed commercial systems

Packaged roof-top units (RTUs)

VERTICAL DISCHARGE

T — 1
B ]//

CONDENSATE
DRAIN
(FIELD SUPPLIED)

il
L
/

FRESH AIR
INLET

CONDENSER-FAN
DISCHARGE AIR

OUTDOOR-AIR

| INLET

OUTDOOR-
AIR HOOD

ROOF CURB

L 3

SUPPLY AIR RETURN AIR

W
LEGEND

QUTDOOR AIRFLOW

|:> INDOOR AIRFLOW

26



Typical large distributed commercial systems

Packaged slab installations
HORIZONTAL DISCHARGE

|
CONTROL WIRING CONDENSER-FAN BELT-DRIVE
TERMINAL BOARD DISCHARGE AIR MOTOR\

el — N
i
PERNEC ~~—~___| % —~ —
§
§
\
§ =
el =
"
P:)\;V—E;;RI‘N; o § 7%
\\\.
Y AN EXCHANGER

FROM MAIN
GAS SUPPLY

—

CONTROL WIRING MANUAL GAS

VALVE
COMPRESSOR
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Heating and cooling of larger buildings

Air Conditioning for Big Buildings

by: Michael Ermann and Clark Coots

4

I —

J ,_.' {
1t
|

A
[t M

https://www.youtube.com/watch?v=j1nYipLAvOU
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Typical large central commercial systems

Heating option 1: Steam boiler

Fuel Exh
and air Iﬁ Steamt Converter 1 air i Rgturn AHU serves
l/ air fan all rooms
— —— s@_&d—
g;?laer:l Hot Return air
Burner Condensate A water from zone
assembly return et Suppl
Heat ion 2 m” — Outdoor air [P POV
: ue - '
eating op Io.n ' Alternate Air-conditioning and Supply zone
Hot water boiler hot water distribution system \fan
Hot water system Humidifier
Fuel boiler
and air - 4 To other air
Hot wat tl S ret + {handlers
Hot water oF water Stipply and retm Main processes:
Condenser * f pump Mixing
i e e | Chilled water Heating
[ - ) Humidification
o 4 .

i i . Alir cooled Alternate chilled water system Cooling
Cooling option 1:  cyer & Dehumidification
Air cooled chiller (chilled water) Chiller =

electric or iltration
cond steam driven Chilled Air distribution
Coolin ondensing water [F‘ ):I‘] water o g
tower 8% supply a;d return return Ventilation

~—To other air Recjrculation

|J_€ J = I 7 3) (_)"4 ™ Chilled
. . Condensing Chilled water
Coollng opt|on 2: water pump water supply

Water cooled chiller w/ cooling tower (chilled water) PP

- dhandlers
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Typical large central commercial systems

Heating and cooling distribution done separately:

=

Y S
|

"
ﬂve
o

JI —— — _ S = : " : ;’—‘ E e -

‘]l- T r—— ._ P s ;
_ ‘A‘Iﬂ ] “ G
—— | — —

BOILER CONTROL

PANEL

30



Typical large central commercial system components

Air cooled chiller
Smaller capacity

- Water-cooled chiller
: ~ (w/ cooling tower — larger capacity & more efficient)

31



Air-cooled chiller

Outside
air 95°F

Air-cooled chillers

« Chillers use vapor compression or absorption systems to
produce chilled water for cooling spaces
Chiller

ater 52°F Building
2

Compressor

Condens
Evaporator

Water 42°F 'u Inside 75°F

Expansion
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Water-cooled chillers (i.e., “cooling tower”)

Chiller

/

Cooling tower

NIT

5
Water 120° : ater 52°F Building
2 7'\
=
. <
utside 50 s
air 95°F g g
b= z
z 3
S &
g
ater 100 g Water 42°F 'u Inside 75°F
5 |

‘ | -}f i i:;% A. |
HEE i 1‘ il
| | / A\ Y



AIR DISTRIBUTION SYSTEMS



Typical central commercial air distribution system

:*/——-‘D\\‘:

| - : ) - 1
L= = I3
A o L
1 \ -~ 1
{\ Conditi : d \>
‘onditioned space .
Supply Return
T air air
E ----- : Mixing —_ ?upply
' | Control box — = Supply air
panel b ____| duct
g". Outd f\ | \
| I ‘ul e §:’ m | |ch -
: * air o E't>5 : __{ ( I Return air
! Compressor VRN , . duct
see e ‘D"'—,.“ COUW Heating coil \
Exhaust Cj F .
H . ) L]
- @— T Main components:
\Rclum fan FanS * MIXIng bOXGS
« Coils + Ducts
« Filters <« Diffusers 35



Typical central commercial air handling unit (AHU)

Air Handling Unit (AHU)

.
oy ~ P

.....
access

Filter
bank

Mixing box
(OA+RA) Heating coil
Cooling caoll
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Typical central commercial air handling unit (AHU)

Heatlng cml
Coollng c0|l -

- Filters i




Typical large central commercial AHU components

Fan (or “blower”)

Variable frequency drives (VFDs)




Typical large central commercial AHU components

Mixing box

Dampers
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Typical large central commercial AHU components

Heating and cooling coils

Heat transfer at the inside coil

Freon flow

777727 ]

|||| in the coil, heat is transferred
through aluminum fins
attached to copper tubing
¥ that carries the refrigerant

(Freon)

; the fins are close together for
d'rectiq maximum efficiency but this
n also makes it easy to clog the

if we put cold Freon into coil with dust and dirt

the coil it will attract heat
the air

(C) 2008 €ars arﬁB‘i.lnlop.com
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sdr)' =

Heat exchangers: €-NTU method

100
1 = exp[-NTU(1 — C)]

1 = Cexp[-NTU(1 — C)]
80

20

(0

Cross flow, Cross flow, fluids

one fluid mixed- unmixed

Counterflow_

.
\

| \
/ \

Parallel flow

flow shell pass

(0 1 2 3 i 5

Number of transfer units [NTU = (//”.‘-'\‘,J,"('i'

FIGURE 2.14

Comparison of effectiveness of several heat exchanger
designs for equal hot- and cold-side capacitance rates,
¢

min ) ( max-

Parallel-counter

—_—
Cross flow
T = fix)
!
Tube flow
< [ [\
Er—>
< \

THE

—

A==

>
—>

miu]

This subject is
covered in detail

in CAE 464
HVAC Design

>
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Typical large central commercial AHU components

Filter bank

42



Typical large central commercial AHU components

Filter bank

>
i /z » &
- " -,4‘9’ -
P .

.

I
i
1
1
1
'.
I
.
.
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Typical Iarge central commercial systems

LAl

Center for Care and Discovery
University of Chicago Medicine




Typical large central commercial systems
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Typical large central commercial systems
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Common commercial air distribution systems

Constant air volume (CAV)
Variable air volume (VAV)
Dual duct (DD)

Multizone (MZ)



Typical constant air volume (CAV) system

Constant airflow rate and temperature to each room
« Cold air delivered to room
« Room has a reheat coil to raise supply temperature

Return
air Supply
e
@ fan Reheat coil (on)
| — o5 Diffuser ~ Return
v o] &
Outside ‘ 50"
alr ‘ =
X A lo other
A O
S S 20nes
QJ\‘ ’t "[‘\" - > 4
Reheat coil (off) 09 e
i 55 h
l ) |
I | , l I~ % ; Moderate cooling load
| -7‘_.—_.__.'; \ Y : S e .
= e “CAV with reheat”

High cooling load
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Typical constant air volume (CAV) system

Schematic

&

g
Rdld /‘U* 7”/‘—{3 @ Supply I I
A fan

Y
L Cooling s/ -
mm N s e —

coil ‘ ‘
|1.,- N ‘ l’ “

Filter

- °

Temperature sensors

PPPPPPPPPPPP

Fig.9 Constant-Volume System with Reheat

ASHRAE Systems and Equipment Handbook

fan
' =
s Rahu.umgl Reheating
D 0 m ¢c Q [> coil | j:}® coil 2 E <4>
Cl A=A i
; 52

EEEEEEEEEE rl ﬂ r2 T ]
PPPPPPPPP |
&9 !
/N : | .
3 /2\ /3\

50



Typical constant air volume (CAV) system

w, Ib/lb
7 I 0.020

\c

$

///0 0.016
Qc.‘/ 0.012

o
0.008
0.004




Typical variable air volume (VAV) system

Return
air

|
Outside i} ,:>
air |
X
&
N
QO
QQ

Same temperature air delivered to each room
» Different airflow rate delivered to each room

Damper
Supply partly
fan open
r [ /
1\ ‘ @, Diffuser
H O A 55 E> —
I\ 05
f—\‘ To other
S Damper fully open-_ O z0nes
e — = S
gy 3 d}g_ " Moderate load
.'ri—%/: I “1 1_ ;:—f"?"\
( ! f ‘ | \
1C 0
= =

High load
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Typical variable air volume (VAV) system

OUTSIDE AIR =

Same temperature air delivered to each room
Different airflow rate delivered to each room

AIRFLOW MONITORING STATION

REHEAT COIL REHEAT COIL
VARIABLE-AIR-VOLUME BOX =\ FAN-POWERED BOX
HUMIDIFIER

PREHEAT COIL (OPTIONAL)
et COOLING COIL
FILTER

EXHAUST AR — -

i G s G i S i i i

DRIVE

RETURN AIR FAN

$
O PR

VARIABLE-FREQUENCY
‘@ {“ “VAV box” b— |
VARlABLEFREQUENCY—/D
VARIABLE- 1

i

!

s

i

N

C/
F _g.im

AIRFLOW

N 1

RN AIR 1
>
4

AIR-VOLUME BOX

MONITORING STATION

Fig. 10 Variable-Air-Volume System with Reheat and Induction and Fan-Powered Devices

C

L

—J

E RETURN AIR
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Typical variable air volume (VAV) system

100

&
s
=
[5)

g 80
@ @ Air flow @ 2,
! T g | g

' | g 60
2
| =
| z

g | 2 40
l 2]
\Discharge : _;
volume | 8:

o damper 3 20
L
8
oW

0

A 7 — Heating —>I<—Mixing—>|<7 Cooling
Tr:,a Th.u

Inlet % -

mixing - >

18) 18

Cold Warm

VAV box




Typical dual duct (DD) system (older systems)

Retumn
air Supply

fan
\
Outside = i! \:EL/J

air

1 hot deck and 1 cold deck
» Vary supply temperature to room by flow mixing box
« Can be either CAV or VAV (but uses more energy)

Cooling
coil

|]55[:>

|]95:(>
Heating

coil

Cold
fully
open

| Se——

55°

Cold deck
Hot deck

Mixing box

Hot
closed

e ———————————— [

ol

I

I, B
Hngh load =

( |
a1 Q&?;@
= e

' .7J

]C

Moderate load
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Typical dual duct (DD) system (older systems)

1 hot deck and 1 cold deck
» Vary supply temperature to room by flow mixing box
« Can be either CAV or VAV (but uses more energy)

EXHAUST AIR-—

"} —VARIABLE-
AIR-VOLUME
COOLING COIL AIRFLOW MONITORING STATION —I: ¥|__BoX
(ALTERNATIVE |
LOCATION) 'ngNT"l?)':LELR VARIABLE-FREQUENCY DRIVE )
PREHEAT COIL ( ) = e | l
_ A \
D \, _ THERMOSTAT QD ,
‘ - T
$ v | @ l__‘] c \— cooLnG colL L — AIRFLOW MONITORING
> Y L SUPPLY AIR / STATION
OUTSIDE AIR — | | FAN (coLp) [\ /—HEATING ColL -
' C c 4 > 2
| SPACE
[ [ ~_Y’ THERMOSTAT
| | -
I SUPPLY AIR VARIABLE-FREQUENCY DRIVE
FAN (HOT) | AIRFLOW MONITORING
Inane. . L_ STATION l

- _"i{ / ¥
_/D DUAL-DUCT BOX
VARIABLE-FREQUENCY DRIVE RETURN AIR FAN

Fig. 12 Dual-Fan, Dual-Duct System
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Typical multi-zone (MZ) system

Same airflow rate to each room

» Mixing box adjusts mixture of hot and cold to change supply temperature

Return
air Supply  Cooling

‘ fan coil

air .
& Hea'ting
@ :
coil
8BS Degf
00egf |
Swwoly Fan Mavad As

—
| #0)DegF
—

@47 5
Outside | gy w 1 95"

-
-

Mixing
box
|
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Typical multi-zone (MZ) system

Same airflow rate to each room
« Mixing box adjusts mixture of hot and cold to change supply temperature

PREHEAT COIL
FILTER

OUTSIDE AIR

N/

COOLING COIL
(ALTERNATIVE
LOCATION)

HUMIDIFIER

:

SUPPLY AIR FAN

EXHAUSTAR = % — = =L e —————— @
RETURN AIR FAN

Fig. 13 Multizone System

Y

C

ZONE DAMPER
(TYPICAL)
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* Mixed versus displacement ventilation

Air supply and diffusers

 Diffuser selection

s .

—

[~ Th ow

= >
\

\<

”#_*"‘“‘i

Return

Floor plenum
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Air supply and diffusers

* Mixed versus displacement ventilation
 Diffuser selection

=

\ : |
e @ e ~TMRA —TMR Floor plenum

Turbofuser
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Air + water systems

« Many commercial buildings use a combination of conditioned
air and zone water coils

« Ventilation requires air movement

« But zone heating and cooling loads can be met with coils

— We mostly use fan coils now
— We previously mostly used radiators (like in Alumni Hall)



Radiator systems (for heating)

What modes of heat

transfer are involved?
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Water-based baseboard systems (heating)

Outer
enclosure -
\ - N\
\

- - Fin A\

\I\II\IT
o) | )
[N~

FIGURE 8.8 Baseboard finned-tube heater.
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Water-based baseboard systems (heating)

North
® L —
[T e
C — o __*_*_ D -
11000, | |
Btu/h TF
__[,Er‘ i 90,000 Btu/h ¥ 0
Bl il
L | | B
Y | |
| | | T
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. >
J———_-— ——————— D G SN S S ——— — q‘[ l —
% I | (N
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| o +— |y ¥
: —
|
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FIGURE 8.7 A two-pipe individual-loop low-temperature hot water heating system for a factory.

Supply
Retumn
Hot water boiler

On-line circulating
pump

Two-way controlle
valve

Thermostat
Finned-tube heater
Globe valve

North zone

South zone

East zone

West zone
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Electric baseboard systems (for heating)
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Fan coils: Modern radiator replacement w/ fan

Combines air and water

Overhead/ceiling
installation

Wall installation
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Fan coils: Modern radiator replacement w/ fan

* One or two coils (H or C)
« Thermostat controls

water flow
* Ventilation is met with

conditioned or
unconditioned outdoor air

MPS T —_TO OTHER
e i T ) ZONES
._.E J || —
EXHAUST
FAN
AF
A
COOLING . EAN | TYPICAL
UNIT @ zoNE
COIL
ONIT
—— M
| O
CHW PUMPS| 3o | N ]
L@—* AR BASE BOARD
HEATING

Qutside
grill

£

B

Outside
air

P —)

Exterior
wall

Cooling
CoilIM™N

Heating
coil

Filter

Duct

f/////Z/////

. Fan

Conditioned
space

L~ Drain pan

Mixing
dampers

7
A
A
A
7
A

7
7
A

R‘e_circulated

air Floor
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Other: Chilled beams and radiant panels

Radiant panels
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