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Fan Pressure i L L
LLL UL J
* Velocity pressure (VP)

« Static pressure  (SP)
« Total pressure  (TP)
Unit : mm-wg.

iInch-wg.

Pa.
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Velocity Pressure

» Pressure required to accelerate air from zero velocity to

some velocity (V) and is proportional to the kinetic
energy of the air stream. The relationship between V and

VP is given by
VP = (V/4005)? where V = velocity (fom.)

VP = velocity pressure (in.wg)

VP = (V/1.3)% where V = velocity (m/s.)
VP = velocity pressure (Pa.)
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Static Pressure

» Pressure in the duct that tend to burst or collapse the
duct, whether in motion or not, it exerts itself in all

directions at once enclosure.

» Positive when the pressure at the point is above the

ambient pressure and negative when below.

> It acts equally in all directions.
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Static Pressure Equation

(Darcy and Colebrook Equation)

~1000fL  pV?
Slunit  A7r~ —p—* 3~

Where

APf = friction losses in terms of total pressure,Pa
f = friction factor,diamensionless
L = duct length,m
D;, = hydraulic diamenter [Equation(24)],mm.
V = velocity, m/s
p = dencity, kg/m3
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Static Pressure Equation

(Darcy and Colebrook Equation)

-P Unit - 1271 V
APr = p. Pl 1097

Where

Apf = friction losses in terms of total pressure,in. of water
f = friction factor, dimensionless
L= duct length, ft
Dj,, = hydraulic diameter [Equation (24)], in.
V = velocity, fom p = dencity, Iom /ft = velocity, fpom
p = dencity, lbm /ft3
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Static Pressure Equation

Hydraulic diameter equation
Dh = 4A/P
Where
I-P Unit D, = hydraulic diameter, In.

A = duct area, in?
P = perimeter of cross section, in.

Where
Sl Unit D, = hydraulic diameter, mm.
A = duct area, mm?
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SUCTION SIDE

SP, VP AND TP

PRESSURE SIDE

3000 fpm

3000 fpm

1
i A5 A
SP VP TP
4 T T

SEP % VP= IF
—1.1 + 0.56 = —0.54

PRESSURES BELOW
ATMOSPHERIC

F
A
N

J e ———
i 4 i
g VP TP
i 3 R

SP + VP'= TP
0.20 + 0.56 = 0.76

PRESSURES ABOVE
ATMOSPHERIC
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SP, VP AND TP

PRESSURE SUCTION DISCHARGE
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Pressure Gradient Diagram

suonn|os 2Nsel |uey

EXIT

ATMOSPHERIC
PRESSURE

>

AIRFLOW

d

PRESSURE (py)

. | — — — — — — — — — — — — — — — — — —
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Pressure Gradient Diagram

DIA.
@ X j/ N P, =125Pa :>
NEGLIGIBLE \J A R /
LOSS T FRICTION 750Pa
AT 5000 CMH
Plenum Effect e Ll
s 1000 L/ 1050al - 925Pa
& ) 750Pat”| T~ T Py
¢l EE——
@ Y =~ < 125Pa
A BC “5 E ATMOSPHERIC PRESSURE _
-
E-F duct friction at 5000CMH (Q) 750 Pa (duct design) o
E contraction loss-plenum to duct 50 Pa (part of duct system) 8=
E SP energy required to create velocity at E 125 Pa (part of duct system) ?
D VP loss (also Pt loss) at D as result of air velocity decrease 0 Pa %
SP dose not change from duct to plenum at D oo
C-D outlet duct on fan as tested 0 Pa g

REQUIRED Fan SP 925 Pa
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Exhaust System

\ / —_—
D Py = 125Pa @

ABRUPT —
|| DISCHARGE
FRICTION 750Pa SIDE VIEW ( 150Pa SEF .
AT 5000CMH N
ELBOW . L OBSTRUCTION
150Pa SEF (L 50Pa SEF
250 y
o |_ATMOSPHERIC PRESSURE [ 184 150pa
o 100 / ,
o -250N _ [: REQ'D
€ 500|225 >~3 Py I
? PS\"“?«’K 850 | ]]
g o0 A
& -1000 975 =N O
3 L1 1175
& 250 11254— 7!
A a c|] DE
FAN INLET
TOP VIEW

Pressure Gradient Diagram

A  Entrance loss-sharp edge duct 100 Pa

(duct design)

A-B Duct friction at 5000CMH
(duct design)

B SEF1

C SEF2

E FanVP

E SEF3

REQUIRED Fan TP

Fan SP =fan TP —fan VP
Fan SP = 1325 Pa — 125 Pa
Fan SP = 1200 Pa

750 Pa

150 Pa

50 Pa
125 Pa
150 Pa

1325 Pa
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Evaluating Friction Loss in Ducts

» Total Friction loss : Straight duct losses + Fitting
losses + equipment losses
 Ductloss : SP;yu.+ = (in H,0/100 ft) x Duct Length
» Fittings l0ss : SPfittings = C x (fpm of air/4005)?
C : Loss Coefficients

(determined from tabies)
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Friction Loss Chart
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Friction Loss Chart

am A
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DUCT FRICTION LOSS DUCT DESIGN TASLES AND CHARTS

TABLES AND CHARTS
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Velocity Constant Method
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Velocity Constant Method
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Velocity Constant Method

Tauuzin lunsaanuLL
> ynviaugnNaInNaauan AsRa1saild Dampers

> N19A141UA Static Pressure UBINARNAIUITUANNTIALEUN

1 Static Pressure ANA P
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Equal Friction Method

1
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Equal Friction Method

1Lz UN [ eN1TaanLU L

» nuatsunasanlunnivuinlderuuasluvawen s

FUSRLNAURANLLL

v

> N9UALS N LA NTINTIITEUL

> TNUUAAINLETIGIGATASVIaaNNAN ANz AN AL NAN T
AU 191 (A8 d198InINNIRTF U 11 ASHRAE %78

SMACNA)

7]
C
o
-
=
o
7]
(&)
-
7))
©
+—
C
©
Y



NICOTRA |Gebhardt

Equal Friction Method

1Lz UN leN1TaanLU U
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Static Pressure Regain Method

n1seantULvieanine 435 Static Pressure Regain
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Static Pressure Regain Method
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Equipment Loss Chat

Table 8 Typical Design Velocities for HYAC Components

Duct Element Face Velocity, mis

Louvers®
Intake
330 L/s and greater 2
Less than 3300 L/s See Figure 14
Exhaust
2400 L/s and greater 2.5
Less than 2400 L/s See Figure 14
Filters®

Fanels filters

Viscous impingement 1to 4
Dry-type, extended-surface 7
Flat { low efficiency ) Duct velocity g
Pleased media ( intermediate efficiency ) Up to 3.8 *g
HEPA 1.3 c_c;)
Renewable media filters kS
Moving-curtain viscous impingement 2.5 @
Moving-curtain dry media 1 e
Electronic air cleaners E

Iﬂnizing EEE 08to 1.8
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Equipment Loss Chat

Heating Coils©

Steam and hot water 25t05
1 min., 8 max

Electric

Open wire Refer to mfg. data

Finned tubular Refer to mfg. data
‘Dehumidifying Coils® ___________________________________ 2t3
Air Washers®

Spray type Refer to mfg. data

Cell type Refer to mfg. data

High-velocity spray type 6to9

*Based on assumptions presented in text.

°Abstracted from Ch. 28, 2008 ASHRAE Handbook HVAC Systems and Equipment.
“Abstracted from Ch. 26, 2008 ASHRAE Handbook HVAC Systems and Equipment.
“Abstracted from Ch. 22, 2008 ASHRAE Handbook HVAC Systems and Equipment.
*Abstracted from Ch. 40, 2008 ASHRAE Handbook HVAC Systems and Equipment.
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Equipment Loss Chat

INTAKE

sl

/ EXHAUST

FACE AREA PER LOUVER, m?

1 ¥ -
L—

7]
i c
O
=
o 'S Ll A L —
o 2 4 = - 10 8
AIRFLOW PER LOUVER, miy's O
=
Parameters Used to Establish Figure Intake Louver Exhaust Louver %
Mininum free area ( 1220 mm. square test section ), % 45 45 +
\Water panetration, mL/(m?®-0.25 h ) Negligible ( less than 0.3 ) N/A c
Maxinum static pressure drop , pa 35 60 ._,CE

Fig.14 Criteria for Louver Sizing
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Maximum Duct Velocity

Controlling Factor Controlling Factor - Duct Friction (fpm)
Application Noise Generation Main Ducts Branch Ducts
Main Ducts (fpm) Supply Return Supply Return
Residences 600 1,000 800 600 600
Apartments
Hotel Bedrooms 1,000 1,500 1,300 1,200 1,000
Hospital Bedrooms
Private Offices
Directors Rooms 1,200 2,000 1,500 1,600 1,200
Libraries
Theatres 800 1,300 1,100 1,000 800
Auditoriums
General Offices
High Class Restaurants 1,500 2,000 1,500 1,600 1,200
High Class Stores
Banks
Average Stores 1,800 2,000 1,500 1,600 1,200
Cafeterias
Industrial 2,500 3,000 1,800 2,200 1,500
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AAENINISAANLULULASATUITY

Sample

3 pieces elbow 90 R/D = 1

30

40’

70’

V (Face velocity)

Hood ( Wall type )

3mx0.9m.

V (Face velocity)
Hood ( Wall type )
4m.x0.9m.

Face Velocity

Remark Hood Entry loss = 0.75 in-WQg.
125 fpm.
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AARE19NITRANLLULAZATUITY
Drawing kitchen hood exhaust
Hood size 3 m x 0.9 m.
4mx0.9m.
Please calculate
- Air capacity
- Size duct

- Static Pressure
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- Select the fan model
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AARENINNITADN LU LASATUIE

» Calculate air capacity
Q=A*V

A = Face Velocity

V = Hood Area

Hood 1

0, = (3x0.9)(3.28)%(125) cfm
= 3631 cfm - 3600 cfm

Hood 2

Q, = (4x0.9)(3.28)%(125) cfm
= 4841 cfm - 4800 cfm
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GIDENINTDANLULLRZATWIT

Duct design methods :

Equal Friction, Friction Rata 0.1 in-wg./100 ft.

Velocity Constant, Duct Velocity 2000 fpm.

Equal Friction Method of duct sizing: Example

Static Regain

For 8 my's velccity In the duct A, design the clrcular duct 2ystom using Equal Friction Methed |

Salution l Step V
"

EQUAEERIGEION
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AARENINISADNLULILLAZ AT
Table for size duct and Static Pressure (Equal Friction)

o Total Static
>
%
o ~ Pressure
(a 0 p g :
= 8 2|2 S
E > 8| € S
Section CFM | V,fimin | EqD,in | £ £ -% ?g Length(ft) Friction loss (in-wg.) In-wg.
- |E g|f E
O N—r
AB 3600 | 1300 23 0.105 0.1 45 0.045 v
%)
-
Fitting AB Elbow 90 | 3600 | 1300 23 0.105 | 0.42 0.044 v o
)
=)
BD 8400 | 1700 31 0.18 0.1 30 0.03 v =
©
Fitting B 0.18 | 1.2 0.22 V 17
@©
)
CB 4800 | 1400 25 0.122 0.1 5 0.005 x 0.409 CCG
(€ it
DE 8400 | 1700 31 0.18 0.1 70 0.07 \
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AREINNINISTADN UL LAS AU

?-\ CHAPTER 14
e

FITTING LOSS

COEFFICIENT TABLES
Duct Cross Section to which Coefficient “C" is referenced is at the top of each ta.ble. Negative
numbers indicate that the static regain exceeds the dynamic pressure loss of the fitting.

Table 14-10 LOSS COEFFICIENTS, ELBOWS
Use the velocity pressure (V,) of the upstream section, Fitting loss (TP) = C x V,

A. Elbow, Smooth Radius (Die Stamped), Round (2)

Coelficients for 90° Elbows: (See Note 1)
o o5 [ors [10 [1s [20 [2s
C 071 [ 033 |022 [ 015 | 013 | 012

Note 1: For angles other than 90° multiply by the following factors:
[) o 200 | 30" | as° | eo° | 7s* | 90° | 110° | 130° | 150° | 180°
K a 0.31 J 0.45 I 0.60 I 0.78 | 0.90 [ 1.00 l 1.13 ] 1.20] |ZBJ 1.40

B. Elbow, Round, 3 to 5 pc — 90°(2)

Coefficient C
No. R/D
Q -~ o
Pieces 0.5 0.75 1.0 1.5 2.0
A

5 - 0.46 0.33 0.24 0.19
4 — 0.50 0.37 0.27 0.24
Lo 3 0.98 0.54 0.42 0.34 0.33

s

C. Elbow, Round, Mitered (15)

Coefficient C (See Note 2)
o [ 200 [ a0 | as" | s0" [ 75 | 90
c |oos {016 034|055 081 | 12

E % Reynolds Correction Factor Chart
1000 40 —‘
B 750 30 I " Shaded area mq;jlrus
Note 2: Correction factor for Reynolds number — K, 5 correction factor for
R 10« | 1 |2 oa]ale[8][10][=14 2 500 20l
ae |1.40|1.ze|1.|9]1.u||.os||,os||.a4] 1.0 g

U.5. Unita 250 10

For Standard Air: (Metric Units)

R, = 8,56 DV (R, = 66.4 DV) gt

whera: 0 o =

D = duct diameter, inches (mm)
V = duct velocity, fom (m/s)
For Rectangular Ducts:

o 2HW

H+ W

\\ Note B: A = Area, Q

DUCT DEBIGN TABLES AND CHARTE

Table 14-13 LOSS COEFFICIENTS, CONVERGING JUNCTIONS (Cont.)

Use the velocity pressure (V) of the downstr,

eam section. Fitting loss (TP) = C x V,

E. Converging Wye, Conical, Round(2)

Branch, Coefficiont C (See Note 8)

A | A Q,/Q,
Ae Ac
02 |04 |06 |08 1.0 1.2 1.4 16 |18 |20
03 | 02 |[-24 =01 |20 (38 |53 |66 |78 |89 | 98 1"
03 |-28 [-12 |o012 |14 19 [ 26 (32 |37 |42 | 46
04 ) 02 |12 | 093 |28 |45 |59 |72 |84 |68 10 "
03 |16 ~27 1081 |17 | 24 |30 |36 |41 45 | 49
04 |-18 -72 | 007 | 0.66 | 11 15 |18 {21 23 | 25
05 | 02 ~46 | 16 | 33 |49 |64 |77 |08 |99 n 12
0.3 -04 1 026 | 12 20 (27 |33 |38 |42 |47 |80
04 11 | .24 o4z |09z |13 |16 |1e |21 |28 |28 @
05 |-1.2 -38 | 018 | 058 | 0.88 | 1.1 13 15 1.6 17
06 | 02 -85 | 13 |34 a7 [ 61 [ 74 [86 |08 " 12
03 |11 0 088 | 16 | 23 |28 |33 |37 | a1 a5
0.4 |12 -48 |1 010 | 054 | 089 | 12 |14 16 18 | 20
05 |-1.3 -62 | =14 | 021 | 047 | 068 | 085 | 089 | 1.4 12
06 |-13 ~69 | -26 | 004 | 026 | 042 | 057 | 066 | 0.75 | 082
08 (02 | 006 |18 |35 [51 | 65 | 7.8 |80 10 K 12
' 03 ~52 | 035 | 1.1 1.7 23 |28 |32 [ae | a9 | 42
04 -67 | -05 | 043 | 080 | 1.1 14 1.6 18 [ 19 |21
05 =731 =19 1 018 | 0.46 | 068 | 085 | 099 | 1.1 12 |14
0.6 =75 | -27 | 005 | 0.28 | 0.45 | 058 | 068 | 0.76 | 0.83 | 0ee
07 =77 | =81 -02 | 018 | 0.32 | 043 | 050 | 0.56 | 0.61 | 0.68
08 -78 | 34 | <07 [ 012 | 024 | 033 030 | 044 | 047 | 050
10 | 02 = |21 |37 |52 | 66 | 78 |00 1" 1 12
03 - 54 | 12 18 | 23 |27 |31 |37 | a7 4.0
04 - 21 062 | 096 | 1.2 |15 |17 |20 |20 21
05 — 05 | 037 | 060 | 079 | 093 |11 12 12 13
06 — | -02 [ 023 | 042 | 055 | 0.66 | 073 | 0.80 | 085 | 089
0.8 — | =10 |01 [024 )| 033 | 039 | 043 | 046 | 047 | 0.48
1.0 — | -1 o005 o016 023 | 027 [029 | 030 | 030 | 020
W
F. Converging Tee, 45° Entry Branch to Rectangular Main
A, ‘0. When:  AJAC| AA
v, 0 10 | o
Ay
] .o _
o A, o Branch, Coefficiant C (See Noto B)
v,
Ipm (m/s) 0.7 08 | 09 1.0
1200 (6) 83 | -68 | .30 1,50 | 193 | 250 [ 3.03
>120006) | -72 | 52 | .23 1.83 | 201 | 290 | 363

Airflow, V = Velocity

14.90

Loss Coul_lzmnm (C)isima‘ Fitting 4-

(Page 14.29)
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> Calculate Total Static Pressure

AIAYIINITRANLLUULAS AU

TSP = Hood entry + Duct friction loss
= 0.75 + 0.409
=1.159 " 1.16 in.wg

» Select Fan type

/] Centrifugal

Forward Curve IZI Backward Curve

» Select Suction type
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AIALIINITAANLLUULAZ AU

> Summary
- Air Flow (total) = 8400 cfm.
From item : 1
> Static Pressure = 1.16 In.wg
From item : 4
> Fan type Centrifugal fan Backward Curve (SISW)

From item : 5 and 6

7))
C
o
-
=
o
7]
(&)
-
7))
©
+—
C
©
Y




NICOTRA |Gebhardt

T NYUNISARNULULUNDANNG 3 98

Calculate size duct (Round duct)
® Equal Friction
® Velocity Constant

¢ Static Regain

) EEES
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v

1T NYUNISRANUULNDANNG 3 98

> Equal Friction Method

1.1 Assumed friction loss/100 ft = 0.55 in.wg at air capacity
8000 cfm.

« From Slide Duct : Size duct 22 Inch, duct velocity 3200 fpm

« Length of duct AB = 50 ft

Static pressure AB = (0.55)(50)/100 = 0.275 in.wg
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v

1T NYUNISRANUULNDANNG 3 98

> Equal Friction Method

1.2 Used friction Loss/100 ft = 0.55 in.wg Is

constant to calculate the size of duct

 Duct velocity and static Pressure in each

lengths from slide duct LAZNITATUITUAN

A
MITINN 1
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v

1T NYUNISRANUULNDANNG 3 98

TABLE 1 : SUMMARY OF RESULTS FOR EQUAL FRICTION METHOD

Velocity Friction Friction Total
Section | CFM v,ft/min | Eq.D, in. | Pressure, Loss, Length, Loss, Static
in.wg. in.wg/100ft ft in.wg in.wg
AB 8000 3200 22 0.64 0.55 50 0.275
%)
c
BC 6000 3000 20 0.56 0.55 40 0.22 .g
>
3
CD 4000 2750 17 0.47 0.55 30 0.165 0.8525 g
N
e
DE 2000 2300 13 0.33 0.55 35 0.1925 g
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v

1T NYUNISRANUULNDANNG 3 98

> Velocity Constant Method

2.1 N1IUMNANT9 A-B iWHauiLUaaUee Equal Friction 1.1

2.2 ldArAanmFa lunean = 3200 fom. HIWAITAINIUNITUN

AUIAURINDANLLAL Static Pressure Gﬁ'fmmj

. NATRINNT T Slide Duct LL@%@Wﬂﬂ’Wiﬁ’]uermf}ﬁ"N‘ﬂ 2
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T NYUNISRRNUULUNDANNG 3 98

TABLE 2 : SUMMARY OF RESULTS FOR VELOCITY CONSTANT METHOD

Section| CFM |v,ft/min|Eq.D, in.| Velocity | Friction Friction| Total
Pressure,| Loss, |Length,| Loss, | Static

in.wg. |in.wg/100ft| ft in.wg | in.wg

AB | 8000 | 3200 22 0.64 0.55 50 | 0.275
%)
c
BC | 6000 | 3200 19 0.64 0.64 40 | 0.256 '%
1.2085 )
CD | 4000 | 3200 16 0.64 0.8 30 0.24 o
@
DE | 2000 | 3200 11 0.64 1.25 35 10.4375 E
C
G




NICOTRA |Gebhardt

T NYUNISRRNUULUNDANNG 3 98

> Static Regain Method
3.1 NIWIANTN A-B WNeALAaU8d Equal Friction 48 1.1
3.2 NTUNANTEIN B-C

- AN LUYIRANTIN B-C AZanag

- Static Regain 494 B-C a=pIadwiniy Friction Loss

7119 B-C
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T NYUNISRRNUULUNDANNG 3 98
Ungazliiin Regain Nanysaliiiasainiia Dynamic Loss
N .
nam Fitting B

- AUNBF WA Regain 71 75 %

- Gl,‘ﬁa% Trial & Error 14n17 Balance Regain WAWNAU Friction s
g

0SS
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T NYUNISRRNUULUNDANNG 3 98

- anuf e uisluvieanasin 2400 FPM Tuwas B-C
- ann Static Duct fiusunauan 6000 CFM

- Friction Loss / 100 ft = 0.32 in.wg

- AN vasviaan B-C =40 ft.

Friction Loss BC = 2222 ,
100 2

= 0.13 in.wg S

o

. . _ 32007 240072 o
Static RegainB = 0.75 (=) = (7.2) ;
= 0.21 in.wg §
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T NYUNISRRNUULUNDANNG 3 98

- @1 Regain fidunnnin Friction Loss fiAndu

- anuf e wisluvieanasin 2600 FPM Tuwas B-C
- a1n Slide duct #iUssnauan 6000 CFM

Friction Loss /100 ft. = 0.38 in.wg.

AN MMvasnioad B-C = 40 ft.

0.38x40
100

0.15in.wg

Friction Loss BC =

32007 26007
4005 ) - (4005 )

= 0.16 in.wg

Static RegainB = 0.75(
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T NYUNISRRNUULUNDANNG 3 98

- AN LA 721919 Regain LAY Friction Loss MNALANTL
| . Qi a0 =\ QI . . 1

- AN Regain 1A/ B NANWERWANLANTLS Friction Loss 433 B-C

- AUIAVIAANTEIN B-C Bt Uazannd 21 Inch,

- lE3ansmeaiulunisAIuanan C Laz 9a D

- NAURINNT AT Trial & Error AMNANTINN 3
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T NYUNISRRNUULUNDANNG 3 98

TABLE 3 : SUMMARY OF RESULTS FOR STATIC REGAIN METHOD

Velocity | Friction Friction | Static Total
Section(CEM  wft/min Eq.D, in. Pressure,| Loss, |Length,| Loss, |Pressure| Static
in.wg. |in.wg/100ft| ft in.wg | Regain | in.wg
AB | 8000 | 3200 22 0.64 0.55 50 0.275
B 0.16
BC | 6000 | 2600 21 0.43 0.40 40 0.15
CD 0.1
CD | 4000 | 2200 18 0.30 0.33 30 0.09
D 0.09
DE | 2000 | 1700 15 0.18 0.26 35 0.09 0.975
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TABLE 4 : SUMMARY OF RESULTS FOR VELOCITY CONSTANT METHOD

EQUAL FRICTION VELOCITY CONSTANT STATIC REGAIN
Section | CFM | i . |
VM) [EQD, . e g ¥ M) [ EQD. 0 oS00 v (fom) | EQD. I ool
AB |8000| 3200 | 22 3200 | 22 3200 | 22
B
BC [6000| 3000 | 20 3200 | 19 2600 | 21 0
cD 0.853 1.209 0275 | B8
CD |4000| 2750 | 17 3200 | 16 2200 | 18 E
D 7]
O
DE [2000] 2300 | 13 3200 | 11 1700 | 15 @
=
8
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