CAE 464/517 HVAC Systems Design
Spring 2023

March 28, 2023

AIr distribution systems: Fan selection example
and air handling unit

Built
Environment
Research

@ [IT
it o

. . Dr. Mohammad Heidarinejad, Ph.D., P.E.
Advancing energy, environmental, and o _ _ _ _
sustainability research within the built environment ~ Civil, Architectural and Environmental Engineering
www.built-envi.com lllinois Institute of Technology

muh182@iit.edu



mailto:muh182@iit.edu
http://www.built-envi.com

ANNOUNCEMENTS



Announcements

s ()L

Illinois Institute of Technology
Student Branch

Building Performance focusing on net

zero design and energy modeling

SPEAKER

Senior Project Manager

LuisLara

WHEN

March 30th, 2023
12:40 pm -1:40 pm

WHERE

John T. Rettaliata
Engineering Center,
RE 104

TALK ABOUT
v" Green building work
v' Energy performance skill
v’ Sustainability consulting
v" Energy conservation

For more information,
feel free to contact
ASHRAE and SEES

official email
ashrae_iit@iit.edu
sees@iit.edu

Lunch will be provided!



Announcements

« Assignment 4 is due tonight (the solution will be posted
tomorrow morning)



Announcements

* Project 1 will be graded, and feedback will be provided.



Announcements

« Midterm Exam 2

O Exam will take place next Tuesday, 04/04/23 in class (all
students are required to attend in person)

 Open book / open notes (laptop is allowed)

How did you study for exam 17



RECAP



Recap

Item Backward Radial Forward
Efficiency High (80% to 86%) Medium (50% to Medium (50% to
77%) 70%)
Space required High Medium Small
Speed for a given High Medium Low
pressure rise
Noise Good Fair Poor
Number of blades 10 to 16 6 to 10 24 to 64
Horsepower Limiting Rising Rising




Recap

* Fan Laws “or Affinity Laws”:

O Q: Fan volume (cfm)

O N: Rotational speed (rpm)
O P: Total pressure (in. w.c.)
d W: Brake Horsepower

d p: Fan density (Ib/ft3)

Qi _ N ps
Q- Nzlpz
ﬂz(&)zp_l
P, N, lpz
%z(&fp_l
W, N, .,02



Recap

* The total fan power is defined as:

_ Qs XAP
6,356X7 X1 XN,

Wi



CLASS ACTIVITY



Class Activity

* The given information is given:

O Ductwork needs to be rectangular at maximum depth of 12”
O All ductwork sizes are in even inches

O Use tees with 45-degree entry branches (e.g., SR5-13)

O Use elbow radius ratio of r/D = 1.5 (e.g., CR3-1)

[ Outlet losses in outlets are 0.10 in w.c.
1300 cfm

20 ft
800 cfm = D
160 ft
Supply 50 ft 8 ft
Fan 1400 fom

3000 cfm 10 ft

[ ]

v

900 cfm



Class Activity

 Calculate the following information:

O Pressure drop in each branch

O Draw the system characteristics curve and the fan curve and
select a fan option



Solution:

Class Activity

O Add labels for different branches and fittings

1300 cfm
F A
F7 20 ft F6
800 cfm D F4 [
A 160 ft
Supply S0 ft F1B 8 ft H\Eé
Fan 1400 fpm C F3
3000 cfm 10 ft Balancing Damper
F5 E

D



Class Activity

Solution:

O Estimate the equal friction method

Vinax = 1400 fpm

Qmain = 900 cfm + 800 cfm + 1300 cfm = 3000 cfm
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Class Activity

 Solution:
1 Find the friction losses at 0.13 in/100 ft

Section Air Flow Rate (cfm) D, (in) Length (ft) Section Loss (in. w.c.)

A-B 3,000 20 50 A
0.13x (m) = 0.065
B-C 2100 18 8 8\ _
0.13x (ﬁ) = 0.010
_ 160
C-D 1,300 14 160 0.13x (—) = 0.208
10
_ 10
B-E 900 13 10 0.13% (—) = 0.013
10
_ 20
C-F 800 12 20 0.13x (F) = 0.026




Class Activity

« Solution:
O Find square duct sizes

n =

Circular Length of One Side of Rectangular Duct (@), in.
Duct -+ 5 6 7 8 9 10 [12] 14 16 18 20 22 24 26 28 30 32 34 36
Diameter,

in. Length Adjacent Side of Rectangular Duct (), in.

5 5
5.5 6 5

6 8 6

6.5 9 7 6

7 11 8 7

7.5 1310 8 7

8 15 11 9 8

8.5 17 13 10 9

9 20 15 1210 8

9.5 2 17 13 11 9

10 25 19 15 12 10 9

10.5 29 21 16 14 12 10

11 32 23 18 15 13 11 10

11.5 26 20 17 14 12 11

12 29 2 18 15 13 » C-F

12.5 32 24 20 17 15 13

13 35 27 22 18 16 14 » B-E
13.5 38 29 24 20 17 15 13

14 2 26 2 19 17 > C-D
14.5 35 28 24 20 18 15

15 3330 25 22 19 16 14

16 45 36 30 25 22 18 15

17 41 34 29 25 20 17 16

18 47 39 33 29 e » B-C
19 54 44 38 33 26 22 19 18

20 50 43 37 2421 10 > A-B
21 57 48 41 33 27 23 20



Class Activity

Solution:

(J Add the duct sizes to the schematic

1300 cfm
F o 107x12” ¢
F7 20 ft F6
800 cfm D F4 [
A 30"x12” 160 ft
Supply | 50t 1B st | 247127 147x12”
Fan 1400 fpm c F3

3000 cfm 12”x12” 10 ft Balancing Damper

F5 E

900 cfm

D

18



Class Activity

 Solution:

O Add the rectangular values to the table

Section Air Flow Duct Size Duct (in Area (ft?) Velocity
Rate (cfm) (in) Rectangular) (fpm)
A-B 3,000 20 30/12 2.50
B-C 2,100 18 24 /12 2.00
C-D 1,300 14 14 /12 1.17
B-E 900 13 12 /12 1.00
C-F 800 12 10/12 0.83

Question: How do we calculate the velocity?



yAv4

L LY

v S Y i Vi v

/,

on/ N/ [

AV/iE [/

.

o

C,

20

’ FEFW

T i

P iy S

100,000

i

S
1 A NG

XL

Y4
A

s

50,000

N

10,000 20,000

&

>,

5000

Class Activity

AIR QUANTITY, cfm
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Class Activity

« Solution:
0 Method 1: Velocity using the chart for the round ducts

Section Air Flow Duct Size Duct (in Area (ft?) Velocity
Rate (cfm) (in) Rectangular) (fpm)
A-B 3,000 20 30/12 2.50 1,300
B-C 2,100 18 24 /12 2.00 1,230
C-D 1,300 14 14 /12 1.17 1,250
B-E 900 13 12 /12 1.00 950

C-F 800 12 10/12 0.83 1,000

21



Class Activity

« Solution:
0 Method 2: Velocity using the cfm and area for the rectangular
ducts
Section Air Flow Duct Duct (in Area Velocity (fpm)
Rate (cfm) Size (in) Rectangular) (ft2)

A-B 3,000 20 30/12 2.50 (3,000)/(2.5)=1,200
B-C 2,100 18 24 /12 2.00 (2,100)/(2.0)=1,050
C-D 1,300 14 14 /12 117  (1,300)/(1.17)=1,114
B-E 900 13 12/12 1.00 (900)/(1.0)=900
C-F 800 12 10/12 0.83 (800)/(0.83)=960

If | use the rectangular, can | use the chart?

22



Solution:

Class Activity

O Find the fitting losses (F1)

SRS5-13 Tee, 45 Degree Entry Branch, Diverging

C, Values

Qb/ Qc

0.1 02 0.5

0.4

Ay/A,

0.6

0.7 08 09

01 073
02 310
03 7.9

14.20
05 229
0.6 33.76
0.7 4671
0.8 61.79

09 7898

034 032 034
073 041 034
1.65 0.73 047
3.10 0.73
508 207 112
7.59 3.10 1.65
10.63 436 231
1420 586 3.10

1829 7.59 4.02

0.35
0.32
0.37
0.51
0.73
1.03
1.42
1.90
246

0.37
0.32
0.34
041
0.54
0.73
0.98
1.28
1.65

0.38
0.33
0.32
0.36
0.44
0.56
0.73
0.94
1.19

0.39
0.34
0.32
0.34
0.38
0.47
0.58
0.73
0.91

0.40
0.35
0.32
0.32
0.35
0.41
0.49
0.60
0.73

C, Values

0,/0,

Ag/A, 01 02 03 04 05

0.6

0.8

0.9

0.1
0.2
0.3
0.4
0.5

0.04
0.98
3.48
735
13.18
0.6 20.38
0.7 29.15

39.48

09 5137

0.04
0.31
0.98
2.03
3.48
5.32
7:35
10.17

0.04
0.18
0.49
0.98
1.64
247
3.48

0.04
0.13
0.31
0.60
0.98
1.46

0.04
0.10
0.23
042
0.67

0.04
0.09
0.18
0.31

0.04
0.04

0.15 0.07 0.04

3000 cfm 2100 cfm
2 5 fi2 2.0 ft
Q. W x H \ﬁ Q,
7S < ! WexHs 9" A
! =
i > 900 cfm
3 1.0 ft2
N
L = 0.25 W,, 75 mm min. @ | Ao
(Qp ( 900 cfm ) 03
Branch ) QCA 3’108(};{"1 Cpy = 1.28
2= =040
L A, 25ft
(Qs (2,100 Cfm> .
Straight ¢ QCA 3208(}5{"1 Cs; = 0.08
2 =" =080
| 4. 251t -




Solution:
O Find the fitting losses (F2)

Class Activity

SRS5-13 Tee, 45 Degree Entry Branch, Diverging

C, Values

Ay/A, 0.1

0.2

03[ ok

Qb/ Qc

0.5

0.6

0.7

0.8

0.9

0.1 0.73
02 3.10
03 7.59
14.20
W—22.92
0.6 33.76
0.7 46.71
0.8 61.79
09 7898

0.34
0.73
1.65
3.10
5.08
7.59
10.63
14.20
18.29

0.32 034
041 034
0.73 047
1.28
207 1.

3.10 1.65
436 231

5.86 3.10
7.59 4.02

0.35
0.32
0.37
0.51
0.73
1.03
1.42
1.90
246

0.37
0.32
0.34
041
0.54
0.73
0.98
1.28
1.65

0.38
0.33
0.32
0.36
0.44
0.56
0.73
0.94
1.19

0.39
0.34
0.32
0.34
0.38
0.47
0.58
0.73
0.91

0.40
0.35
0.32
0.32
0.35
0.41
0.49
0.60
0.73

C, Values

AJ/A, 0.1

0.2

0.3 04

0,/0,

0.5

¢.6 |0.7

0.8

0.9

0.1 0.04
02 098
03 3.48
04 755

13.18

20.38
0.7 29.15
0.8 39.48
09 5137

0.04
0.31
0.98
2.03
3.48
5.32
7:35
10.17

0.04

0.18 0.04
049 0.13
098 0.31
1.64 0.60
247 098
348 146

0.04
0.10
0.23
042
0.67

.
0. .04

0.18 0.08 0.04

0.31

0.15

0.07

0.04

2100 cfm 1300 cfm
20 fi2 1.17 ft
Q. W x H \ﬁ Qq
7S < ! WexHs 9" A
! =
Lenila 800 cfm
= 0.83 ft2
N
L = 0.25 W,, 75 mm min. @ | Ao
)
800
% N (2 10()6:;:71) =038
Branch CA 683 fe? Cp1 = 0.94

2= =042

| Ac 20/t

(Qs (1,300 Cfm> o0er

. Q. \2,100cfm/ B
Straight ¢ A, 117 fe2 C;, = 0.034

—b - —2 - 059

| A, 20/t o




Class Activity

« Solution:
O Find the fitting losses (F3 and F4)

CR3-1 Elbow, Smooth Radius, Without Vanes

Cp Values

H/W

/W 025 0.50 0.'5 llfb I.FO 2.00 3.00 4.00 5.00 6.00 8.00

050 153 138 129 118 106 100 100 106 112 116 118
075 057 052 048 044 040 039 039 040 042 043 044
00 027 025 0 21019 018 018 019 020 021 021
[150]] 022 020 ofio qh7 o015 014 014 015 016 017 0.17
200 020 0.8 0.06 0.5 0.4 013 013 014 014 015 0.15

Angle Factor K

0 0 20 30 45 60 75 90 110 130 150 180

0.00 031 045 060 078 090 100 1.13 120 1.28 140

F3
H 12
—=_"=086
w14

Cos = KCy3 = (1)(0.18) = 0.18

C, = KC,, where K = angle factor

Q
2 A, \\
—Q‘r
W x H
A\
F4
H_12_12
w10

25



Class Activity

« Solution: Compute fittings

Section Fitting Fitting ASHRAE Airflow Airflow  Duct Duct Loss Velocity P, P
No Type Fitting No. rate rate Size Area Coefficient (fpm)
(Qc) (Qb)
From—-To Number Type ASHRAE cfm cfm WxH ft? Co fpom in.w.c. in.w.c.
A-B F1 Tee SR5-13 3,000 2,100 24x12  2.00 0.08 1,050 0.069  0.0055
Branch
F1 Tee SR5-13 3,000 900 12x12  1.00 1.28 900 0.050 0.646
Branch
B-C F2 Tee SR5-13 2,100 1,300 14x12 117 0.034 1,111 0.077  0.0026
Branch
F2 Tee SR5-13 2,100 800 10x12  0.83 0.94 960 0.058  0.0541
Branch
C-D F3 Elbow CR3-1 1,300 1,300 14x12 117 0.18 1,111 0.077  0.0139
C-F F4 Elbow CR3-1 800 800 10x12  0.83 0.16 964 0.058  0.0093

26



Class Activity

« Solution: Pressure loss summary

AP (in. w.c.)
Path Note Duct Fitting Duct Fitting Duct Fitting Device Total Differential
Path AP
1 ABCD Path/Fitting AB F1 BC F2 CD F3 Outlet in w.c. in w.c. I
I Duct I
I s 0.0650 0.0055 0.0104 0.0026 0.208 0.0139 0.1 0.405 0.000 I
smCriticalPath [@le s s s s s s ss s s s ssssssseses s eeeeeneen-
ABCF Path/Fitting AB F1 BC F2 CF F4 Outlet in w.c. Path AP
Duct
0.0650 0.0055 0.0105 0.0541 0.026 0.0093 0.1 0.370 -0.135
ABE Path/Fitting AB F1 BE -- -- Outlet in w.c. Path AP
Duct
0.0650 0.0646  0.013 0.1 0.243 -0.163

27



Class Activity

 Solution: Select the fan

&« C' @ ecaps.greenheck.com/selection w = g [e I ’ H

. eCAPS’

Engineer Application Suite

8
¥

Basic Inputs ~
Volume (CFM)* External SP (in. wg)* Elevation (ft)* Voltage/Cycle/Phase Model Group Air Stream Temp (F) Start-up Temp (F)
3000 0.405 594 9  No Preference ¥ Inline Fans v 55 50
Certifications/Special Requirements v
Advanced Inputs v
Static Pressure Corrections v
Rank Model N Actual CFM Total External o Operating Bh Inlet S Inlet dBA Fan RPM Drive Ty Weight (Ib AMCA
anl lodel Name ctua SP (in. wg) (Uns(i)e) Cost/yr (USD) 0 P nlet Sones nle an rive Type eight (Ibs) []

1 O CSP-A3300-VG ° 3,000 0.405 $1,610 $279 12 52 45 1,137 Direct 122 'f‘

2 O BSQ-180 (+) 3,000 0.405 $1,656 $183 0.55 11.6 62 882 Belt 137 X D)

3 O SQ-160-8 A (+) 2,916 0.383 $1,728 $179 0.53 122 64 1,140 Direct 144 L D)

4 O BSQ-200 (+) 3,000 0.405 $1,792 $174 0.5 11.5 62 715 Belt 172 L D)

5 O BSQ-160 (+) 3,000 0.405 $1,649 $207 0.66 12.9 64 1,167 Belt 131 o)
87 Fan(s)

28



Class Activity

Solution:
O Select one of the fans from the list. For example:

BSQ-200 Product Information

Information Customize

Model BSQ centrifugal inline belt drive fans are the ideal selection for clean air applications (intake, exhaust,

return, or make-up air systems) where space is a prime consideration. Fan wheels shall be backward inclined
and constructed of aluminum. Performance capabilities range from 62 CFM to 26,600 CFM and up to 4 in. wg
|

of static pressure. Maximum operating temperature is 180 F.

r

29



Class Activity

 Solution:

1 Look at the fan curve

BSQ-200 Product Information

Information

Fan Chart Type
Operating Conditions v

—— Fancurve
- - - Brake horsepower curve
O Operating Point SP
/\ Operating Bhp point
—— Max system curve
-..- System curve

08 ~ 0.8
1 / L
— 715 . r
07 FRPL\ \/ — ~0.7
06 lose
— L o
g 057 05 g
£ i L =
= [
e A F H
2 04 Loa &
o o
) T B :qc,
g Co, 8
b 03 Los &
02 = o2
i 2 L
o
>
1 L
0.1 Fo.1
0 T I— T >| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0

- T T
0 5 10 15 20 25 30 35 40 45
Volume (CFM) x 100



Class Activity

« Solution:
O Look at the family of fans

BSQ-200 Product Information

Information Customize

Fan Chart Type
RPM Family v

— Fan curve
—— Max system curve
-..- System curve

27

:\Lam\

Tt

1,047

Static Pressure (in. wg)

R

554

389

Volume (CFM) x 1000



Class Activity

Solution:

O If you want to use the manufacture datasheets without the
software?

Centrifugal Inline Fans
Models SQ and BSQ

Direct and Belt Drive

e

https://content.qreenheck.com/public/DAMProd/Original/10003/SQBSQ cataloq.pdf

32


https://content.greenheck.com/public/DAMProd/Original/10003/SQBSQ_catalog.pdf

Class Activity

e Solution:

O Select the fan that meets your pressure drop and the volume flow

rate:
I I
7004 — RPM
-~ HP
600! Density 0.075 Ib/ft3—
g
[0 4
& 500 =
g e s
@ 4001 2 “\
(7] <
2 o "\
S wl & \
= ° N
\
100 =0 X
2 \\ \\ \\
0- 0.0 % Al N \ AL\ W
0 1000 2000 3000 4000 5000 6000 7000 8000
cfm
0 2 4 6 8 10 12
m®/hr X 1000

What was the cfm and pressure drop for this example?



Class Activity

« Solution:

O Select the fan that meets your pressure drop and the volume flow

rate: Model Motor  Fan CFM / Static Pressure in Inches wg
Number HP  RPM 0125 0.250 0500 0750 0.875 1.000 1.250 1.500 1.750  2.000

CFM = 2960 2616

600 BHP 0.25 0.26 MAX Bhp AT A GIVEN RPM = (rpm/937)’
Sones 111 106 - STQAE’E'I';"L"!'/“ R')’M = ‘372 so5

200-3 1/3 (ft/min) = rpm x 5.

CFM | 33156 | 3018 | 2042 MAX NEMA MOTOR FRAME SIZE = 184T

660 BHP 033 = 034 0.33 OUTLET VELOCITY (ft/min) = 0.1870 x cfm

Sones 117 112 105
CFM 3867 3624 3036
200-5 1/2 756 BHP 0.49 0.50 0.52
Sones 127 = 120  11.7
CFM 4179 | 3959 3442 | 2563
811 BHP 060 062 064 062
Sones 134 = 128 123 | 130
200-7 3/ CFM = 4484 4285 3812 | 3239 2516
865 BHP 073 075 077 079 072
Sones  14.1 137 131 13.0  13.9
CFM 4972 | 4796 4391 | 3916 3646 | 3203
200-10 1 952 BHP 0.96 0.99 1.01 1.04 1.05 1.03
Sones 157 . 155  15.1 149 145 144
CFM | 5741 | 6687 5253 | 4874 4672 4452 3878
20015 1% 1000 BHP 143 147 151 153 155 @ 156 156
Sones  19.1 189 187 | 185 186 187  17.3
CFM 6046 5899 5588 5240 5047 4855 4413 3580
1145 BHP 166 169 174 | 177 179 181 182 173

Sones 21 20 20 20 20 20 192 188
200-20 2 CFM | 6350 6210 5920 & 5597 5416 = 5233 4836 4316
1200 BHP 190 = 194 200 & 202 204 206 209 208

Sones 22 22 21 21 21 21 21 19.8

CFM = 6830 6699 6439 6138 5988 5818 5475 5088 4557
1287 BHP 2.34 2.38 2.46 249 2.50 2.52 2.56 2.58 2.56

Sones 25 24 24 24 23 23 23 23 22
200-30 3 CFM | 7314 = 7192 6948 | 6677 6537 6396 6076 5753 | 5379 4862
1375 BHP 285 289 298 | 302 303 305 309 314 315 313

Sones 27

27 26 26 26 26 25 25 25 24

34



Class Activity

« See Chapter 21 for another duct design example
(Examples 8 and 9)



WHAT ELSE SHOULD WE CONSIDER?



Ductwork in Practice

« The air distribution includes various components:

Turning Vanes
(typically used on
short-radius elbows)

Outlet Diffusers

Heat Exchanger

Baffles

Filter

Inlet Vanes

Motor Controller

Centrifugal Fan
0 Variable Frequency Drive

Belt Drive
Motor

https:.//www.nrel.qov/docs/fy03osti/29166.pdf
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https://www.nrel.gov/docs/fy03osti/29166.pdf

Filtration

« What was one major recommendation to reopen
buildings?

Mechanical Air Filters

* Filters consist of media with porous structures of fibers or stretched membrane
material to remove particles from airstreams.

* The fraction of particles removed from air passing through a filter is termed “filter
efficiency” and is provided by the Minimum Efficiency Reporting Value (MERV)
under standard conditions.

-MERV ranges from 1 to 16; higher MERV = higher efficiency

-MERV 213 (or ISO ePM,)) are efficient at capturing airborne viruses

~MERV 14 (or ISO equivalent) filters are preferred

—High efficiency particulate air (HEPA) filters are more efficient than MERV 16
filters.

https://www.ashrae.org/file % 20library/technical%20resources/covid-19/ashrae-filtration disinfection-c19-quidance.pdf
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https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-filtration_disinfection-c19-guidance.pdf

Filtration

 Let’s look at some manufacture data

Nominal Size|[Capacity (CFM) Price

Model (LxWx D) |Medium|High |Case Quantity| (Case)

DF13-10x20x1 |10x20x1 525 700 |6 $84.00
DF13-12x12x1 |12x12x1 Bits 500 |6 214.00
DF13-12x20x1 |12x20x1 625 825 |6 93.00
DF13-12x24x1 |12x24x1 750 1000 |6 108.00
DF13-14x20x1 |14x20x1 725 975 |6 97.00
DF13-14x25x1 |14x25x1 900 1200 |6 119.00
DF13-15x20x1 |15x20x1 775 1050 |6 100.00
DF13-16x16x1 |16x16x1 650 875 |6 228.00
DF13-16x20x1 |16x20x1 825 1100 |6 99.00
DF13-16x24x1 |16x24x1 1000 1325 |6 122.00
DF13-16x25x1 |16x25x1 1050 1400 |6 125.00
DF13-18x20x1 |18x20x1 925 1250 |6 109.00
DF13-18x24x1 |18x24x1 1125 1500 |6 129.00
DF13-18x25x1 |18x25x1 1175 1550 |6 137.00
DF13-20x20x1 |20x20x1 1050 1400 |6 112.00
DF13-20x24x1 |20x24x1 1250 1650 |6 140.00
DF13-20x25x1 |20x25x1 1300 1750 |6 142.00
DF13-20x30x1 |20x30x1 1550 [2100 |6 148.00
DF13-24x24x1 |24x24x1 1500 |2000 |6 152.00
DF13-25x25x1 | 25x25x1 1625 [2150 |6 170.00

https.//www.dwyer-inst.com/PDF files/Priced/DF13 cat.pdf
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Filtration

« Let's look at some manufacture data (MERYV 8)

INITIAL RESISTANCE

PRESSURE DROP (i

L]
500 1000 1500 2000

AIR FLOW RATE (cfm)

2500

https://www.dwyer-inst.com/PDF _files/Priced/DF8 cat.pdf

Why does it say initial resistance?
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Filtration

« Let's look at some manufacture data (MERYV 13)

INITIAL RESISTANCE

tel:1500%202000%202500

PT(EE*SL"REE[’;?@&

500

EEEEERN

1000 1500 2000
AIR FLOW RATE (cfm)

2500

https://www.dwyer-inst.com/PDF _files/Priced/DF13 cat.pdf
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Filtration

» Let's look at some manufacture data (MERYV 8)

AIR FLOW vs PRESSURE DROP

0.4
O, 0.3
? NOVARPLEAT
o
e
o 0.2
e i
) IEEEEEEEEEEEEEEEEEEEESR ' NOVAPLEAT HC
§ .
w01 -
o | |
|
| |
n
0.0 :

0 500 1000 1500 2000 2500
AIR FLOW RATE (cfm)

24 x 24 x 2 INITIAL RESISTANCE

PRODUCT 300 FPM 500 FPM MERV
NOVA®PLEAT 0.14" w.g. 0.26" w.g. 8
NOVApLeaT HC 0.11" w.g. 0.23" w.g. 8
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Filtration

« Let's look at some manufacture data (MERV 13)

Pressure Drop vs. Air Flow Rate

S 08
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g 071
s
¢ 06
£ 05F
0.4
03
0.2!_IIIIIIIIIII
n
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n
0.0 1 ' - l '
0 500 1000 1500 2000 2500
: Air Flow Rate (cfm)
1 inch depth
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% Fractional Efficiency
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80%

60%

40%
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EFFICIENCY VS. PARTICLE DIAMETER

i

b
/

F
,

o
7

Pl

/

.

1

/

|t

o

Lt rr et

35 47 62 85 115 145 190 260 350 475 630 850

Fiberglass Disposable
Polyester Media
MERV 8 Pleat

MERV 13 Pleat

https.//leeduser.buildinggreen.conmy/sites/default/files/credit documentation/EQc5 MERV13%Z20filter.pdf

Particle Diameter (microns)
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80%

60%

40%

20%

0%
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Filtration

* Are there other resources to calculate the pressure drop

due to the installation of the filter?

0 Fan manufacture — pay attention to the MERV

Filter Factor (F)
Fan Filter Box . Filter 1 inch (25) 2 inch (51)
5 L Filter Size -
Size Weight Quantity P | ”
. aper Filters . Paper Filters
Aluminum MERV 7) Aluminum (MERV 8)
40 10x 12
60 -75 (18) (254 x 305) 1 186 318.06 251.1 303.18
74 14 x 25
80 - 95 34) (356 x 635) 1 21.8 37.28 29.43 35.53
88 16 x 20
g 100 (40) (406 x 508) 2 8.72 14.91 11.77 14.21
o 114 16 x 25
.§ 120 (52) (406 x 635) 2 5.58 9.54 7.53 9.10
120 20 x 20
s 130 B9 | (©08x 508 2 5.58 9.54 7.53 9.10
174 20 x 25
140 (79) (508 x 635) 2 3.57 6.11 4.82 5.82
246 20 x 20
160 (112 | (308 x 508) 4 2.09 3.57 2.82 3.41
117 14 x 25
70 - 80 - 90 (53) (356 x 635) 1 21.8 37.28 29.43 35.53
120 16 x 20
100 (54) (406 x 508) 2 8.72 14.91 1.77 14.21
144 16 x 256
120 (79) (406 x 635) 2 5.58 9.54 7.53 9.10
140 20 x 20
130 -130HP | &' | 508 508) 2 5.58 9.54 7.53 9.10
181 20 x 25
140 - 140HP 82) (508 x 635) 2 3.57 6.11 4.82 5.82
294 20 x 20
160 - 160HP (133) (508 x 508) 4 2.09 3.57 2.82 3.41
344 20 x 25
g 180 - 180HP (156) (508 x 635) 4 1.34 2.29 1.81 2.18
@ A
- 5 441 x
] 200 - 200HP (200) 16 x 25 : 0.77 1.32 1.04 1.26
g (406 x 635)
H (520 X 25) 4
; 573 08 x 635
240 - 240HP (260) 16 x 25 4 0.41 0.70 0.55 0.67
(406 x 635)
759 20 x 25
300-300HP | 3% | woax 635 8 0.33 0.56 0.45 0.54
. 16 x 25) 10
) 957 (406 x 635)
360 - 360HP (@34) 20 x 25 = 0.15 0.26 0.20 0.25
(508 x 635)
{16 X 25) 5
1185 406 x 635)
420 (538) 20 x 25 = 0.13 0.22 0.18 0.21
(508 x 635)

Note: 24-inch side clearance is recommended for accessing and removing filters.

All dimensions in inches (millimeters) and weight in pounds (kilograms).

https.//content.greenheck.com/public/DAMProd/Original/10003/SQBSQ catalog.pdf
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WHAT ELSE SHOULD WE CONSIDER?



Heating and Cooling Coils

Figure 19: Coil Air Pressure Drop—HI-F5 Fin Type (2 Through 12 Rows)

L ] L ] L ]
e H N N lin 153
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Notes:

« The letters A,B,C,D or E following the face velocity indicate the degree of wetness at which the coil is operating.
« Dry coils are shown by the letter A, wet coils by the letter E. Intermediate conditions are shown by the letters B, C, and D.
« Air pressure drop for odd fin spacings can be found by interpolation.
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AIR HANDLING UNIT SELECTION



Air Handling Unit Selection

« Heating and cooling coills:

Fin densities from 8 to 16 Slip and Drive Coil
fins per inch to optimize Casing Type
performance and air side
pressure drop
Coil inlet and outlet available
with either sweat or threaded
connections (MPT or FPT)
T
Booster Coils
Tube Tube Diameter = Connection ~ Optional Corrosion
Type Material ~ Fin Material (asing Material (asing Type Rows FPI Circuitry (OD) Type Protection
. (90 Galvanized, ' U-Flange, Slip Quarter to Double
HotWater pp Aluminum or Aluminum,or304 =~ andDriveor ~ Upto12  Upto16 Serpentine, or 1/2"or5/8" Sweat, M‘PT’ Polymer E-Coating
or Steam (opper : o or FPT
Stainless Steel None Steam Distributing

* MPT (Male Pipe Thread) and FPT (Female Pipe Thread)

https://www.aaon.com/Coils
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Air Handling Unit Selection

 Let's look at some manufacture: Aaon

AAON
HeATING AND CooLING PRODUCTS
About AAON  AAON Parts  Literature  Software Contact Locate an AAON Sales Representative
[ Log In]
AR HANDLNG UNITS
Quick Links
Literature AAON air handling units are engineered for performance, flexibility, and serviceability. Double wall rigid ReLATED ProbDUCTS:
AAON Parts polyurethane foam insulated cabinet construction and direct drive backward curved plenum fans allow CB Series 2 - 5 tons
units to have quiet, energy efficient airflow with high static pressure capabilities. The air handling units can CF Series 2 - 70 tons
RO L) be matched with AAON condensing units or an AAON chiller for a complete system. CN Series 55 - 140 tons

For Investors CL Series 35 - 230 tons

Press Releases

e INnboor AR Hanpung UNITs

F1 Series 800-2,000 cfm (Vertical and Multiposition) OBsoLETE AR HaNDLING UNITS:
For Employees H3 Series 450-10,000 cfm (Horizontal) H2 Series 800-10,000 cfm
Careers V3 Series 450-10,000 cfm (Vertical) V2 Series 800-10,000 cfm
Training SA Series 5,300-27,000 cfm (Vertical) M1 Series 1,000-10,300 cfm

M2 Series 1,000-21,600 cfm (Horizontal) MN Series 2,000-100,000 cfm

M3 Series 6,400-52,000 cfm (Horizontal) NJ Series 1,500-120,000 cfm

AAON ProbucTs DT Series 1,500-218,000 cfm

Air Handling Units Outboor AR HaNDLING UNITS RM Series 800-12,000 cfm
Condensers & RQ Series 400-3,300 cfm (Indirect Fired) RK Series 800-28,000 cfm
Condensing Units RN Series 1,000-49,000 cfm (Indirect Fired) RH Series 800-28,000 cfm
Chillers & Outdoor RL Series 6,000-75,000 cfm (Indirect or Direct Fired) RF Series 16,000-50,000 cfm
Mechanical Rooms RZ Series 8,900-75,500 cfm (Indirect or Direct Fired) RE Series 800-28,000 cfm
Self Contained Units HB Series 800-2,000 cfm
Packaged Rooftop
Units

Geothermal Heat

Diimane

https.//www.aaon.com/AirHandlers
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Air Handling Unit Selection

 Let’s look at some manufacture: Daikin
Catalog 550-14

Vision® Air Handler
Sizes 003—090
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Air Handling Unit Selection

 Let’s look at some manufacture: Daikin

https://oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc 100/Vision%20Indoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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Air Handling Unit Selection

 Let's look at some manufacture: Daikin

SFA COIL

MFA COIL
BAG RIGHT F & BP
ANGLE
MIXING MIXBOX WITH MIXBOX WITH
BOX 2"FILTER ANG FILTER
—
iwavarai| W [ivarar NS

1B >

> ¥ Q- N OQ.
@ &S0 SIS
® Q v QY
" & 4" HORIZ CLG. /HTG. DISCHARGE
PLENUM FAN ArﬁG%J:AR WHEEL  [INTERNAL | e a1ing | LARCE | cOMBINATION ;%;FSSQ HORIZ CARTRIDGE PLENUM
_ 7 7 7 77 7 i D
MIN CD
) S
(@
FC, AF FAN 2"&4" | FLAT PLATE 182 ROW CLG. CLG.
& TWIN FAN INLET PLENUM FLAT CUBE INTEGRAL| ey |MEDIUM| 10 ROW PLENUM FAN H‘%’é BAG
= ] || [ |
- W WATER
’_ ” ' L B |
MIXBOX WITH CARTRIDGE EXTERNAL| SMALL | 4 ROW [ EsiFan
ESIFAN 4 FILTER MA
_ b |
= X 2 MULTI-ZONE COIL SECTIONS
| g
] N o FAN AND

VERTICAL COIL

3 DECK
HORZ

2DECK
VERT
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https.//oslo.daikinapplied.com/api/daikindocument/DownloadDocumentByName/Doc 100/ Vision%20Iindoor%20Air%20Handler%20Catalog%20Daikin%20CAT%20550.pdf/
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HALLWAY VENTILATION



Hallway Ventilation
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https:.//www.energyvanquard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look
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Hallway Ventilation

https://www.nrel.gov/docs/fy140sti/62313.pdf
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Hallway Ventilation

q;. B
.”..

mod,-ow

Stack Effect Wind Mechanical System
(-5°C) (4 m/s) (+5 Pa Across Enclosure)

40% x 20% = 8%

https:.//www.energyvanquard.com/blog/ventilating-high-rise-multifamily-buildings-a-first-look
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Hallway Ventilation

https://www.nrel.gov/docs/fy140sti/62313.pdf
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INTRODUCTION TO HYDRONIC
SYSTEMS



Hydronic Systems

« A system that uses water as the heat transfer medium in
heating and cooling applications

* Asystem in which the heat carrier is neither consumed nor
rejected after use but is used repeatedly by recirculation

» Heat carriers are then circulated throughout a series of
pipes or tubes to produce a desired room temperature



Hydronic Systems
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Hydronic Systems

 Boilers

Radiators on ceilings or high on walls

- expansion
tank

I

"

radiator

the only way to get hot water to
a radiator in a gravity system is
to have it above the boiler - this
is why radiators in finished
basement rooms are often high
on the wall or at ceiling leve

= I

boiler
finished basement room

() 2008 CarsonDunldgp.com
Cross cr

section

https.//inspectapedia.com/heat/Cold Radiator Repair.php
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Hydronic Systems

« Hydronic vs electric baseboards considerations:
O Initial cost

O Energy efficiency

O Performance (e.g., warm up, duration)

https.//homeverity.com/hydronic-baseboard-heaters-vs-electric/
https.//www.primebuyersreport.org/industry/atlantic-county-nj/atlantic-county/air-conditioning-heating-ventilation-contractors/
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Hydronic Systems

« Hot Water Storage Tanks

E’

Residential
» Vertical (40 gallons)
« 34,000 — 40,000 Btu
Commercial
* Vertical (150 gallons to 4,000 gallons)
« Horizontal (250 gallons to 4,000 gallons)

https://www.homedepot.com/p/Rheem-Performance-40-Gal-Short-6-Year-38-000-BTU-Natural-Gas-Tank-Water-Heater-XG40S06HE38U0/204321639?cm _mmc=Shopping%7CG%7CVF%7CD26P%7C26- 63
10 WATER HEATERS%7CRheem%7CPLA%7c71700000033150354%7¢58700003868932471%7¢c92700031086650195&gclid=CjOKCQjwjpjkBRDRARISAKv-000bOR1tJLZzrGlcrbjyyvf6j5q6-
PsQ7HTNI7RaXcHrLSIFm8MtFRoaApx4EALw wcB&gclsrc=aw.ds https://www.pvi.com/products/commercial-hot-water-storage-tanks.htm




Hydronic Systems

 Tankless water heater

Advantages and setbacks?

https://express.google.com/u/0/product/2600371301634687312 7920860133981164464 74726602utm_source=google shopping&utm medium=tu_prop&utm_content=eid-Isjeuxoeqt&gtim=CNHuioe 1w5C3-

AEQscvZ7cHH418hGKDuz8YCIgNVU0Qo80jF5AUwIIzIAw&utm campaign=7472660&gclid=CjOK
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https://express.google.com/u/0/product/2600371301634687312_7920860133981164464_7472660?utm_source=google_shopping&utm_medium=tu_prop&utm_content=eid-lsjeuxoeqt&gtim=CNHuioe1w5C3-AEQscvZ7cHH4I8hGKDuz8YCIgNVU0Qo8OjF5AUwlIzIAw&utm_campaign=7472660&gclid=Cj0KCQjwjpjkBRDRARIsAKv-0O3N-XXsUCNy_RxlVmqT0J3cjJiVay4Oo8njzlDUpGKN0IUP-Gri3AQaAjlsEALw_wcB

Hydronic Systems

 Chilled water

Chilled
Water
Pump

https://www.lghvacstory.com/chillers/

| —
Cooling
Tower
Condenser
Water .
Pump Strainer

&L

'

} 4
.' ) Ll
¢ Wik

‘ :
dedll___
c—"

Chilled Water Network
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Hydronic Systems

* We used a few of chapters of ASHRAE Systems Handbook:
O Chapter 22: Pipe Design

d Chapter 13: Hydronic Heating and Cooling
O Chapter 32: Boiler
O Chapter 36: Radiators



BASIC OF HYDRONIC SYSTEMS



Basic of Hydronic Systems

* There are two main component types:

d Thermal components:
= Heat source(s)
» Heat load(s)
= Expansion tank

1 Hydraulic components
= Piping
= Pump
= Expansion tank



Basic of Hydronic Systems

Expansion
Tank

\
;

Source

|

A

Pump

Piping

Load

Is this an open or closed loop system?
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Basic of Hydronic Systems

 An example is a closed-loop system is a solar hot water
system

70



Basic of Hydronic Systems

* There are different temperature ranges:

O Chilled Water (CHW):
= Temperature range: 39 °F to 50 °F

O Condenser Water (CW):
» Temperature range: 55 °F to 100 °F

O Hot Water (HW):
= Temperature range: 100 °F to 210 °F

O High Temperature Water (HTW):
= Temperature range: 212 °F to 455 °F



Basic of Hydronic Systems

* Another important considerations for selecting hydronic
systems are:

O Amps / voltage / power (kW)
O Water temperature range

Q Capacity (MBH, Ton, ...)

d Fuel type

O Application (residential, commercial, ...)



Basic of Hydronic Systems

« Water expand as it is heated, meaning the pressure in the
system changes

* In the installation, we use expansion tank or expansion
chamber vessel to accommodate the increase in the
pressure of the system:

O Look similar to a mini tank or boiler
O Located typically on top of or next to the water heater
O Sized based on the water pressure in the system

O Avoid failure or bursting

/A AMIROL
A ermdizo |

73
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Basic of Hydronic Systems

 Three common expansion tank types are:

O Closed tank
O Open tank
U Diaphragm tank

Px = P1 % pwh

A. CLOSED TANK AIR/
WATER INTERFACE

ASHRAE Systems, Chapter 13

X

Px = Pa ¥ pwh
B. OPEN TANK

Px = P1 . pwh
C. DIAPHRAGM TANK
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Basic of Hydronic Systems

* An example of installing expansion tanks in a hydronic
systems:

30 psi 30 psi—g 30 psi 40 psi
Ob b Qb b

PUMP OFF PUMP ON

A. TANK ON PUMP SUCTION SIDE

30 psi 30 psin 20 psi {30 psi

e o

PUMP OFF PUMP ON

B. TANK ON PUMP DISCHARGE SIDE

ASHRAE Systems, Chapter 13
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