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System design

System components &
Single branch systems

Design of a ventilation system is done in a series of
steps, from the entry toward the stack

For each element of the system we need to assess the
total pressure, pressure loss and total airflow at the
start and end of that element

The basic building blocks are hoods, straight ducts,
elbows, expansions / contractions, and junctions

In most cases, the pressure loss is proportional to the
velocity pressure in the duct

w

Serial flow system
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Hood entry losses

. PTl — PT2 + losses ‘ Conditions elsewhere in the system

¢ PTZ = PTl - losses 1=upstream,

_ * 2= downstream
¢ Py =P -Fe*P,
Where P = PgtPy,

0="P,

0= P, +losses ”
- Conditions after the

0="P, +F,, +losses hood entry

-P, =B, +losses

* Entry loss is proportional to P,

* Loss factors tabulated for various shapes

PByl=F +H,
H, =FpP,

B, =F +F,F,
P, =PB(1+F)




Straight Duct friction losses

Elbows

* Friction losses increase linearly with duct
length increasing air density, typical form:

General Form, use Vent
L textbook or charts
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UNITS for this egn:

.95 | L =feet
0 3 Vl Pv = inches of water

A 122
D D =inches

Hf = inches of water

IR

Radius of curvature

Smooth S-piece 4-piece 3-piece 2-piece

Good Aspect Ratio Poor Aspect Ratio

Angle of Turn

He = NeI FeI Pv

Round Elbows

INDUSTRIAL VENTILATION

Fe value

R, No. of Loss Fraction
Diamefers of VP
275 D 0.26
2.50 D 0.22
225 D 0.26
- 200 0 0.27
k> 1.75 D 0.32
— 0 f— 1.50 D 0.39
1.25 D 0.55

)
% y  ——=ROUND ELEOWS

NOTE for elbows that are not 90° Fe(_) = Fe(90°)*(_/90)
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o
F—w—T
Loss, Froction of VP
b Aspect _Rokio, W/D
s 2 25 |05 (10|20 [3.0_ |40
o0o(Mitre) | 1.50 | 1.32 | 1.5 | 1.04 |0.92 |0.86
05 136 |72/ | 1.05 |0.95 |0.84 [0.79
1.0 045 _|0.28 |0.2/_|0.21 |0.20 |0./9
1.5 0.28_|0.18 0/3 0.13_|0.12_|0.72
20 0.24_|0.15 0./ _|o.0 |00
[30 lo.2¢ |05 ]a// o.n_loao Jow |

SQUARE 8 RECTANGULAR ELBOWS
ELBOW LOSSES




Contractions and Expansions

* loss is proportional to the change in P,

¥ E |

Pt#1 ‘ Pt#3
PL#2

P, =P, +losses Define AP, = (PV2 —Pm)
losses = H, =F;(APV)=F;(PV2 _PVI)

‘ For Contraction: Fe is Positive

For Expansions: Fe is Negative ‘
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Expansion

¢ Point #1 to Point #2

Pt#1 ‘
Pt#2

Pt#3

P, =P, +losses

PS1+PV1 =PS2+PV2_Fe PVZ_PVI)
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Contraction

« Point #2 to Point #3

Pt#1 ‘
Pt#2

Pt#3

P, = P, +losses

PS2+PV2 =PS3+PV3+F;(PV3_PV2)
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Expansion/Contraction

* Loss factor Fe depends on taper angle

— 90° transition has max loss, gentle taper is less

VENA CONTRACTA

ABRUPT CONTRACTION

ABRUPT EXPANSION
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Expansion Fe table

STATIC PRESSURE REGAINS FOR EXPANSIONS

2 - -4 D min

.5:1 0
075 | [_1.00 [037
068 [ 51 ]0.39
053] [ 201 |o0.42
0.43 301 [0.44
20 | 081 ]067] 0.57]0.48 | 0.43 40:1_[0.45
25 [ 0.80] 0.65] 0.53]0.44 | 0.28 5.0:1_]0.47
[ 30 [079[063] 051[0.41]0.25 75.1 | 048] 0.
[Abrupt 90| 0.77 | 0.62| 0.50] 0.40 [ 0.25 | [ Where: SP, = SPy - R(W,) " |
Where: P, = SP, + R(VP, -VR, ) | “Wnen SP, =0 (otmosphere) SP, will be (-)

The regain (R) will only be 70% of value shown above when expension follows o disturbance o
elbow (including o fan) by less than 5 duct diometers.

Contraction Fe table

STATIC PRESSURE LOSSES FOR CONTRACTIONS

Hggﬁ

Tapered contraction Abrupt contraction
Py =SPy = (VP =VP, )-L(VP, =VP, ) SPy = Py —(VP; VP, )-K(VP;)

Taper ang
s | )
| 5 T o005 | Ratio A/A, K

10 0.06 0.1 0.4
15 0.08 0.2 0.4
20 0.10 0.3 0.4
25 0.1 0.4 0.3
30 0.13 0.4 0.32
45 0.20 0.6 0.26
60 _ 0.30 0.7 0.20

over 60 [Abrupt controction | A= duct area, 0

Note:
In colculoting SP for expansion or contraction use algebraic signs: VP is (+), and usually

SP is (+) in discharge duct from fan, and SP is (=) in inlet cuct to fan.

Contraction Example

Junctions

* Point #2 to Point #3 with 30° taper
+ Find Py, when Py,=0.4"wg, Pg,= -2"wg, P\;=1.1"wg

Q T Q P,, = P., +losses

PL#1 ‘ PL#3

Pt#2
Fe=0.13 from chart

PS2+PV2 = S3+PV3+Fe PV3_PV2)

-2+04 =Pg;+1.1+0.13(1.1-0.4)

PS3 =-2.791

+ Junction loss depends on angle of entry and Py,
in the controlling branch

Pt#1 P,, =P, +losses

_angle Pt#2

He = F; VﬁBranchJ
By, =PT2+FePV7

Branch




Take home problem

END here
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