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Pressure Differential Causes Movement
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The density (p) of the air is defined as its mass per unit

volume and is normally expressed in pounds mass per cubic Air

foot {Ibm/ft*). At standard atmospheric pressure (14.7 psia), R Densit

room temperature {70 F) and zero water content, its value is e y

normally taken to be 0.075 Ibm/ft%, as calculated from the - "

perfect gas equation of state relating pressure, density, and \ . EQUIVALENT

temperature: : A
p=pRT [1.1]

where:

p = the absolute pressure in pounds per square foot

absolute (psta)
p = the density, |bm/ft’

= the gas constant for air and equals 53.35 fi-

Ib/Ibm-degrees Rankine

EQUIVALENT
DENSITY
ALTITUDE

T = the absolute temperature of the air in degrees O TEE STANDARD el e

Rankine

Note that degrees Rankine = degrees Fahrenheit + 459.7.

HI PRES ATMOSPHERE LOW PRES

From the above equation, density varies inversely with
temperature when pressure is held constant. Therefore, for
any dry air situation {see Chapter 5 for moist air calculations),

pT={pTlsm
or
Ter 530
P = pgrp —== = 0.075 Bl [1.2]

For example, the density of dry air at 250 F would be

530

T = 0.056 Ibm/ft?
460 + 250
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Pressure

Air moves under the influence of differential pressures. A fan is commonly used
to create this difference of pressure in a duct system. At sea level the standard
static pressure of air is 14.7 psi (pounds per square inch) or 29.92 inch Hg
(mercury), or 407 inches of water. If the fan generates one inch of negative static
pressure (“1 inch w.g. SP”) as shown in figure 1, then the absolute static

pressure in the duct will be 406 inches water gage pressure and can be
measured with a manometer.

Atmospheric Pressure = 407 inch water

(+)

\( (=)
Air > Duct Pressure = 406 inch water 8 - Air

3

Fan

Static Pressure = 1 inch water Manometer

Figure 1. Pressure Differences Create Air Movement

heidari@gums.ac.ir VY



S Jolgs J S slewy




Engineering controls

Designing-building, work station
Industrial Ventilation
Mechanization

Substitution

Enclosure

Isolation
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BEST AIR INLET
Best exhaust
K = 1.0 minimum
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Best exhaust
K= 1.0 minimum
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BEST AIR INLET

Best exhanst
K= 10 minimum
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Duct

Exhaust

s

BEST airinlet ~  BEST exhaust
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Makeup
Air Fan

BEST air inlet . BEST exhaust
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Patient

Bed




Displacement Ventilation with 100% Outside Air

Single Duct Variable Volume Terminal Unit

Displacement Diffuser

Exhaust Single Duct Terminals

Radiant Panels [} .
Patient Room
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Monitor

Corridor

Exhaust

Exhaust

Bed with patient I @
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« Positive pressure (greater supply- than exhaust-air volume)
* Pressure differential 0.01-in. wa; ideal at 0.03-in. wa

« Greater than 125-cfm air-flow differential

« Sealed room with about 0.5 sq ft of leakage

* Clean-to-dirty air flow

* Monitoring

* More than 12 air exchanges per hour

* Return air recirculated through filters

Intended uses:

e Rooms of patients with compromised immune systems
 Operating rooms







Potential airborne
transmission between
two isolation cubicles
through a shared
anteroom

Steady state att=0s
static pressure (pa)

s = . |

202 46 810121416

Steady state att=0s
Concentration (ppm)

0 3 6 9 1215182124 27 30 33 36
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Figure 3. Example of negative-pressure room control for airborne infection isolation
(AID™ + §9

Monitor

Bathroom

Corridor

Figure 4. Example of airborne infection isolation (AII) room with anteroom and neutral
anteroom* + §

Anteroom

Bathroom

All only

comdor




FIGURE 2. Example of airborne infection isolation {All) room with anteroom and neutral antercom®

Anterocom [Monitor [———]
I Tl * + + Bathroom
All only Iﬁ
= 3/
Corridor -
Meutral anteroom Manitor |
All and % * * .‘ + Bathroom

immunocompromised

" 1%

Caorridor

Anteroom Monitar

All and Bathroom

immunocompromised

T
i As. t
R ~ B |

Source: Usad wilh permission Trom Andrew J. Straifal, BM.PH., Univarsity of Minhesala,
Mote: Top diagram indicales aiflow pattems whan patient with anly airborns inlactious dissass cccupias reom. Middle and botlam diagrams indicale
recommandad aiflow patlarms whan reom 15 occupiad by immunocompromizad patisnt with airbormsa infectious disaass. Stacked black boxas rapresant
patient beds. Long opan boxas with cross-hatches reprasant supply air. Open boxes with single, diagonal slashes rapresent air exhaus! regislens. Arrows
indicate diractions of airlow.
“All isolation room with anlaroom anginsering leaturas includs
= prassurg diterential of 2.5 Pa (0.01 -in. walar gaugal);
= airflow ditferantial =125 cim supply versus exhaust;
» sgalad room with approximalaly 0.5-5q. 1. lsakaga;
clean o dirty airlow;
mcnitarg;
=12 air exchangas/hr {ACH) new or renovalion, & ACH axisting; and
= anteroam alflow patlems

All (s 3
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