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ASHRAE) HOSPITAL DEPARTMENTS

Specific Design Concept of Hospital Facilities
There are seven principal divisions of an acute care hospital:

surgery and critical care,
nursing,

ancillary,

administration,
diagnostic and treatment,
sterilizing and supply,
service.

The environmental requirements of each of the
departments/spaces within these divisions differ to some
degree according to their function and the procedures carried
out in them. Close coordination with health care planners and
medical equipment specialists in the mechanical design and
construction of health facilities is essential to achieve the
desired conditions.
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Critical Care and Isolation Rooms

In the isolation rooms for infectious patients, the patient bed should be located
closing to the extraction ports. The streams of the air will defend for the HCW
and visitors and will extract the infected air from the room. The infectious
isolation rooms should be maintained in negative pressure, and located
closing to positive pressure areas even in the part load of these areas. In the
isolation rooms for immunosuppressed patients, whose have high
susceptibility to infection, the air should be their guard from the infection. The
creation of air curtain near the immunosuppressed patient is recommended
here to be an additional defence. The immunosuppressed patient’s bed should
be located in the side of supplied air, or closing to the supply outlets, figure 5.

Surgical Operating Rooms

No area of the hospital requires more careful control of the aseptic condition
of the environment than does the surgical suite. The systems serving the
operating rooms, including cystoscopic and fracture rooms, require careful
construction to reduce to a minimum the concentration of airborne organisms.

Operating room air distribution systems that deliver air from the ceiling, with a
downward movement to several exhaust inlets located on opposite walls, is
probably the most effective air movement pattern for maintaining the
concentration of contamination at an acceptable level.

Generally, operating rooms are in use no more than 8 to 12 h per day
(excepting emergencies). For this reason and for energy conservation, the air-
conditioning system should allow a reduction in the air supplied to some or all
of the operating rooms. However, positive space pressure must be maintained
at reduced air volumes to ensure sterile conditions.
A separate air exhaust system or special vacuum system should be provided
for the removal of anaesthetic trace gases. One or more outlets may be located
in each operating room to permit connection of the anaesthetic machine
scavenger hose, if any.

The following conditions are recommended for operating, catheterization,
cystoscopic, and fracture rooms:

There should be a variable range temperature capability of 20 °C to 24°C.
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4.Differential pressure indicating device should be installed to permit air pressure
readings in the rooms. Thorough sealing of all wall, ceiling, and floor
penetrations and tight-fitting doors are essential to maintaining readable
pressure.

5.Humidity indicator and thermometers should be located for easy observation.
6.Filter efficiencies should be in accordance with table 2 (mentioned before).

7.Entire installation should conform to the requirements of NFPA Standard 99, Health
Care facilities.

8.All air should be supplied at the ceiling and exhausted or returned from at least two
locations near the floor (see Table 1 for minimum ventilating rates). Bottom of
exhaust outlets should be at 3 in. above the floor. Supply diffusers should be
of the unidirectional type. High-induction ceiling or sidewall diffusers should
be avoided.

9.Acoustical materials should not be used as duct linings unless 90% efficient
minimum terminal filters are installed downstream of the linings. Internal
insulation of terminal units may be encapsulated with approved materials.
Duct-mounted sound traps should be of the backless type or have polyester
film linings over acoustical fill.

10.Any spray-applied insulation and fireproofing should be treated with fungi growth
inhibitor.

11.Sufficient lengths of watertight, drained stainless steel duct should be installed
downstream of humidification equipment to assure complete evaporation of
water vapour before air is discharged into the room.

12.Control centres that monitor and permit adjustment of temperature, humidity, and
air pressure may be located at the surgical supervisor’s desk.

13.Conform to the fully vertical flow displacement (the present new hypothesis), or at
least use one supply plenum in the center of the ceiling. The sidewall
supplying is completely refused.

14.Use two opposite sidewalls as location of the extract grilles, it is more accurate to
use the wide-distance opposite sidewalls as the extract walls. The supply
plenum in this direction of the two opposite sidewalls can have the shorter
side, figure 6. The architectural designer should aid the mechanical designer
to perform that, figure 7.
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more valuable to increase supply area in the increasing direction, which
doesn’t contain any extract grilles than the other directions.

16.Keep the air extracting at two levels, one near the floor at level less than 1 m from
the floor, and the other above the occupied zone and comfort level, i.e. 2 m
from the floor.

17.1t is essential to use partial walls in the upstream of the supplied air.

18.1t is preferable to use a separate airside system to serve the surgical operating
suites in the hospitals. It is recommended to replace the Variable Air Volumes
system in the surgical operating suit by another system is capable to ensure
continues airflow supplying.

19.Leave two opposite sidewalls suitable for vertical extract duct shafts. This will
allow the airside system designer to follow the recommendations of
positioning of the extract grilles in the suitable places.

20.Define the bad distributed airflow areas (according to the present or suggested
Airside system design) in the operating theatres to being free from any
possible source of the airborne contamination.

21.Follow the recommended positioning of the operating table to let a one-bed length
to the extract grilles. That will aid to yield good airflow pattern around t
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Obstetrical

The pressure in the obstetrical department should be positive or equal to that in other areas.

Delivery Rooms
The design for the delivery room should conform to the requirements of operating rooms.

Recovery Rooms

Postoperative recovery rooms used in conjunction with the operating rooms should be maintained at
temperature of 75°F and a relative humidity between 50% and 60%. Because residual anaesthesia
odour sometimes creates an odour problem in recovery rooms, ventilation is important, and a
balanced air pressure relative to the air pressure of adjoining areas should be provided.

Nursery Suite

Air conditioning in nurseries provides the constant temperature and humidity conditions essential to
care of the newborn in a hospital environment. Air movement patterns in nurseries should be
carefully designed to reduce the possibility of drafts.

All air supplied to nurseries should enter at or near the ceiling and be removed near the floor with the
bottom of exhaust openings located at least 3 in. above floor. Air system filter efficiencies should
conform to Table 2.

Full-Term Nursery

A temperature of 23°Cand relative humidity from 30% to 60% are recommended for the full-term
nursery, examination room, and work space. The maternity nursing section should be controlled
similarly to protect the infant during visits with the mother. The nursery should have a positive air
pressure relative to the workspace and examination room, and any rooms interposed between the
nurseries and the corridor should be similarly pressurized relative to the corridor. This prevents the
infiltration of contaminated air from outside areas.

Special Care Nursery

The design conditions for this nursery require a variable range temperature capability of 23°C to 26°C
and relative humidity from 30% to 60%. It is desirable to maintain these same conditions within the
nursery proper to accommodate both infants removed from the incubators and those not placed in
incubators. The pressurization of this nursery should correspond to that of the regular nurseries.

Observation Nursery

Temperature and humidity requirements for this nursery are similar to those for the full-term nursery.
Because infants in these nurseries have unusual clinical symptoms, the air from this area should not
enter other nurseries. A negative air pressure relative to the air pressure of the workroom should be
maintained in the nursery. The workroom, usually interposed between the nursery and the corridor,
should be pressurized relative to the corridor.

Emergency

This department, in most instances, is the most highly contaminated area in the hospital as a result
of the soiled condition of many arriving patients
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Trauma Rooms
Trauma rooms should be ventilated in accordance with requirements in Table 1. Emergency operating rooms

located near the emergency department should have the same temperature, humidity, and ventilation
requirements as those of an operating room.

Anaesthesia Storage Room

The anaesthesia storage room must be ventilated in conformance with NFPA Standard 99. However,
mechanical ventilation only is recommended.

Nursing

Patient Rooms: Central systems should be used to air condition patients’ rooms, the recommendations in Tables
2 and 3 for air filtration and air change rates should be followed to reduce cross-infection and to control odour.
Rooms used for isolation of infected patients should have all air exhausted directly outdoors. A winter design
temperature of 75°F with 30% RH is recommended; 75°F with 50% RH is recommended for summer. Each
patient’s room should have individual temperature control. Air pressure in patient suites should be neutral in
relation to other areas.

Egyptian governmental agency design criteria and international codes require that all air from toilet rooms be
exhausted directly outdoors. The requirement appears to be based on odour control.

Where room unit systems are used, it is important to exhaust through the adjoining toilet room an amount of air
equal to the amount of outdoor air brought in the room for ventilation. The ventilation of toilets, bedpan closets,
bathrooms, and all interior rooms should conform to applicable codes.

Intensive Care Unit

This unit serves seriously ill patients, from the postoperative to the coronary patient. A variable range
temperature capability of 23°C to 26°C, a relative humidity of 30% minimum and 60% maximum, and
positive air pressure are recommended.

Protective Isolation Units

Immunosuppressed patients are highly susceptible to diseases. An air distribution of 15 air changes
per hour supplied through a nonaspirating diffuser is recommended. The sterile air is drawn across
the patient and returned near the floor, at or near the door to the room.

When the patient is immunosuppressed but not contagious, a positive pressure should be maintained
between the patient room and adjacent area. Exam and treatment rooms should be controlled in the
same manner. A positive pressure should also be maintained between the entire unit and the
adjacent areas to preserve sterile conditions.

When a patient is both immunosuppressed and contagious, isolation rooms within the unit may be
designed and balanced to provide a permanent equal or negative pressure relationship with respect
to the adjacent area or anteroom. So alternatively, such isolation rooms may be equipped with
controls that enable the room to be positive, equal, or negative in relation to the adjacent area.
However, in such instances, controls in the adjacent area or anteroom must maintain the correct
pressure relationship with respect to the other adjacent room(s).

Infectious Isolation Unit

The infection isolation room is used to protect the remainder of the hospital from the patients’
infectious diseases. Recent multidrug-resistant strains of tuberculosis have increased the importance
of pressurization, air change rates, filtration, and air distribution design in these rooms. Temperatures
and relative humidity should correspond to those
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Diagnostic and Treatment

Magnetic Resonance Imaging (MRI): These rooms should be treated as exam rooms in terms of
temperature, humidity, and ventilation. However, special attention is required in the control room due to the
cryogen’s used to cool the magnet. The manufacturer of the magnet should be consulted.

Treatment Rooms: Patients are brought to these rooms for special treatment that cannot be conveniently
performed in the patient rooms. To accommodate the patient, who may be brought from bed, the rooms,
should have individual temperature and humidity control. Temperatures and relative humidity should
correspond to those specified for patients’ rooms.

Physical Therapy Department: The cooling load of the electrotherapy section is affected by the short-
wave diathermy, infrared, and ultraviolet equipment used in this area.

Hydrotherapy Section: This section, with its various water treatment baths, is generally maintained at
temperatures up to 80°F. The potential latent heat buildup in this area should not be overlooked.
Temperatures and relative humidity should be within the comfort zone. The air may be recirculated within the
areas.

Occupational Therapy Department: In this department, spaces for activities such as weaving, braiding,
artwork, and sewing require no special ventilation treatment. Recirculation of the air in these areas using
medium-grade filters in the system is permissible.

Workrooms: The clean workroom serves as storage and distribution center for clean supplies and should
be maintained at a positive air pressure relative to the corridor.

The soiled workroom serves primarily as a collection point for soiled utensils and materials. It is considered a
contaminated room and should have a negative air pressure relative to adjoining areas. Temperatures and
relative humidity should be within the comfort range.

Sterilizing and Supply:
The unit usually consists of a cleaning area, a sterilizing area, and a storage area where supplies are kept
until requisitioned. If these areas are in one large room, air should flow from the clean storage and sterilizing

areas toward the contaminated cleaning area. The air pressure relationships should conform to those
indicated in Table 1. Temperature and humidity should be within the comfort range.

The following guidelines are important in the central sterilizing and supply unit:
Insulate sterilizers to reduce heat load.
Amply ventilate Sterilizer equipment closets to remove excess heat.

Where ethylene oxide gas sterilizers are used, provide a separate exhaust system with terminal fan. Provide
adequate exhaust capture velocity in the vicinity of sources of leakage. Install an exhaust Sterilizer doors and
over the Sterilizer drain. Exhaust aerator and service rooms. Gas concentration sensors, exhaust flow
sensors, and alarms should also be provided. Sterilizers should be located in dedicated unoccupied rooms
that have a highly negative pressure relationship to adjacent spaces and 10 air changes per hour.

Maintain storage areas for sterile supplies at a relative
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SPACE PROVIDING PREVENTIVE DIAGNOSTIC, CURATIVE AND REHABILITATIVE
HEALTH SERVICES TO THE ACUTELY ILL AS WELL AS AMBULATORY PATIENTS.

Categorization of hospitals depending upon services :
General.
Specialized.

Categorization of hospitals depending level of patient they serve
Primary level
Secondary
Tertiary
Super specialty

Categorization of hospitals depending upon no. of beds
Category A (25-50)
Category B (51-100)
Category C (101-300)
Category D (301-500)
Category E (501-750)
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Draft standards | 2 sections | 10 chapters

The national hospital standards are first divided into two major sections:
1. Patient-Focused Standards [5 chapters]
2. Hospital-Focused Standards [5 chapters]

The patient-focused standards:

Patient Safety Goals [PSG]

Total Patient Management [TPM]

Critical Care Management [CCM]

Total Medication Management [TMM)]

Patient and Family, Rights and Education [PFRE]

SR SO =

Then Hospital-focused standards:

Quality and Risk Management [QRM]

Infections Control and Prevention [ICP]

Facility Safety and Equipment Management [FSEM]
Governance and HR Management [GHM|]
Information and Communication [|AC]
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Cleanroom Particle Counts Per ISO Classification
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1. Particles larger than 100 microns can be seen with naked eyes.

2. Next step particles ranging from 0.01 to 100 microns are main interest of
contamination for years.

3. Atoms and molecules used to be considered too small as industrial
contamination, but not any more after introduction of the concern of
Airborne Molecular Contamination (Non-solid, in gas or vapor phase).
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Cleanliness Classifications
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U.S. Federal

Airborne particulate cleanliness classes in cleanrooms and clean zones

g(t)grédard (former US standard, canceled in November 2001)
ISO 1ISO-14644: Cleanrooms and Associated Controlled Environments
Document

1SO-14644-1

Classification of Air Cleanliness

1SO-14644-2

Cleanroom Testing for Compliance

1SO-14644-3

Methods for Evaluating & Measuring Cleanrooms & Associated Controlled
Environments

1ISO-14644-4

Cleanroom Design & Construction

1SO-14644-5

Cleanroom Operations

1ISO-14644-6

Terms, Definitions & Units

1SO-14644-7

Enhanced Clean Devices

1SO-14644-8

Molecular Contamination

1ISO-14698-1

Biocontamination: Control General Principles

1ISO-14698-2

Biocontamination: Evaluation & Interpretation of Data

1ISO-14698-3

Biocontamination: Methodology for Measuring Efficiency of Cleaning Inert
Surfaces
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Rule 1:

Protection of patients
Rule 2:

Plan shortest possible traffic rules.
Rule 3:

Separation of dissimilar activities
Rule 4:

Control

19




Saturday, 11 May 2019

ASHRAE) Flow Chart of A General Hospital
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H, HAE§ pace Requirements of A General Hospital

Services
Emergency

Outpatient
Social Service
Admissions And

Discharge
Clinical Laboratory And

Pathology
Delivery suite

Diagnostic radiology

Dietary and food service
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Areas
10-15

10-15

25-30

12-15

30-40

25-30

Services
Administration

Housekeeping
Materials management
Central stores

Laundry

Medical records
Medical staff facilities

Engineering and maintenance

Areas
30-35

4-5

4-5

25-35

10-15

5-8

50-60
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As@pace Requirements Of A General Hospital

Services

Nuclear medicine
Personnel
Public spaces

Pulmonary function

Occupational therapy
Physical therapy
Surgery

Circulation

X 4 > A

Areas
4-5

10-12
35-50

100-150

Services

Education, auditorium
Nursery
Pharmacy

Nursing Units

Purchasing

Radiation Therapy

Areas
5-10

4-3

4-6

250-300

2

8-10
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ASHRAE) Building Norms CSSD

General
Admin office : nil
Store room (new and unsterile) : 240 m2

Sterlisation unit

Wash up area: 120 m2

Check up and assembly: 180 m2
Autoclave room: 80 m2

Storage and issue: 120 m2

Solution preparation unit
Glass washing: 120 m2
Solution preparation : 120 m2
Solution storage : 120 m2

Total: 1100 m2

X 4 » R 23
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ASHRAE ) Building Norms Cubicle and ward sizes

(&)

Sno. Cubicle/ward Size(sq.ft.) Area /bed
1 Single bedded 120 120

2 Double bedded 180 90

3 Three bedded 240 80

. Four bedded 320 80

5 Six bedded 480 80

6 Eight bedded 640 80

7 Twelve bedded 960 80

8 Sixteen bedded 1280 80

\IJLA|
A | 24
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Table (2) General Pressure Relationships and Ventilation of Hospital Areas

(&)

Pressure Minimum Air Minimum Total All Air Air Recirculated
Function Space Relationship to Changes of Air Changes per Exhausted Room Units
Adjacent Areas Outdoor Air per Hour(b) Directly to
Hour(a) Outdoors
SURGERY CRITICAL CARE
Operating room (all outdoor air system) P 15(¢c) 15 Yes No
(recirculating air system) P 5 25 Optional No
Delivery room (all outdoor air system) P 15 15 Optional No
(recirculating air system) P 5 25 Optional No
Recovery room E 2 6 Optional No
Nursery suite P 5 12 Optional No
Trauma room(d) P 5 12 Optional No
Anesthesia storage (see code requirements) + Optional 8 Yes No
NURSING

Patient room(e) + 2 4 Optional Optional
Toilet room(f) N Optional 10 Yes No
Intensive are care P 2 6 Optional No

Protective isolation(g) P 15 Yes Optional(h)

Infections Isolation(g) + 2 6 Yes No
Isolation alcove or anteroom + 2 10 Yes No

Labor/delivery/recovery/postpartum E 2 4 Optional Optional

(LDRP)
Patient corridor(e) E 2 4 Optional Optional

X 4 » A
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As H% Function Area

Pressure Relationship to Minimum Air Changes of Minimum Total Air All Air Exhausted Air Recircul
Adjacent Areas Outdoor Air per Hour Changes per Hour Directly to Outdoors Within Room
Supplied to Room Supplied to Room
T CARE

Patient room + 2 2 Optional Optional
Patient area corridor + Optional 2 Optional Optional
Toilet room N Optional 10 Yes No
Diagnostic and Treatment
Examination room + 2 6 Optional Optional
Physical therapy N 2 6 Optional Optional
Occupational therapy N 2 6 Optional Optional
Soiled workroom or soiled holding N 2 10 Yes No
Clean workroom clean holding P 2 4 Optional Optional
Sterilizing and supply
Sterilizer exhaust room Optional 10 Yes No
Linen and trash chute room Optional 10 Yes No
Laundry, general + 2 10 Yes No
Soiled linen and storage N Optional 10 Yes No
Clean linen storage P Optional 2 Yes No
Service
Food preparation center + 2 10 Yes yes
Warewashing room N Optional 10 yes Yes
Dietary day storage + Optional 2 Yes No
Janitor closet Optional 10 Yes No
Bathroom Optional 10 Yes No

X 4 » A
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A cooling load calculation
determines total sensible cooling
load due to heat gain (1) through
structural components (walls,
floors, and ceilings); (2) through
windows; (3) caused by infiltration
and ventilation; and (4) due to
occupancy. The latent portion of
the cooling load is evaluated
separately. While the entire
structure may be considered a
single zone, equipment selection
and system design should be
based on a room-by-room
calculation.
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The load estimation is important
factor in the HVAC design of the
air-conditioned spaces. For
proper design of the

distribution system, the amount
of conditioned air required by
each room must be known.

The under estimation of the
load leads to discomfort design
of the enclosure.

The over estimation of the load
leads to inefficient energy
utilization.
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Net ventilation load

Supply fan load

B This image cannot currently
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Tywvical Cooling Load In Flospitals

SENSIBLE (BTU/H )
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Typical Cooling Load In SOT
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Comiort Principles and Factors

Factors influencing thermal cornfort
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Figure 1. The human body geomeiry models used
in the study.
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Design of Modern
Healthcare Facilities
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ASHRAE)  Operating Bed to Room Relation
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ASHRAE Room Configurations
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In 1969, ASFIRAE standard 35
1969, Tharmal 2nvironma2ntal
conditions Tor human
gccupancy introducad a
definition Tor tharmal comfort
which has bacomea widaly usad
and quotad “Thermal comiort is
that condition of mind that
axprassas satisfaction with tha
tharmal 2nvironmant.”

Th2 comiort air conditioning is
dafinad as “The procass of
traating air to control
simultanazously its t2mparature,
humidity, clzanliness, and
distribution to maeat tha comfiort
raquirameanis of the gccupants
of th2 conditionad spaca.”
ASFIRAE Fundamsantals 2001,

X 4 » A
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Comifort im Hospitals

«Lowr air valocity, which must not B2 highar than approximaialy
0.25 /s in the occupancy ragions of the roorm (occupancy level is
usually defined as the ragion from floor up to °.7 ).

*ENtraiNMent of roorn air By the Prirhary air strearm outside of the
ZOnN2 of gccupancy in order that air motion and f@mparatura
differences reducad 1o accaptable limits Ha2fore the air @nters the
gcToupancy zone,

“Counieraction of the natural convaction and radiation @ffecis
within the roorn.

*Construct tha succassiul air )
distribution system, it
raguires an aceuraia TN
judgameant, which dapands

on the intagration of the data

and the information. Than,

the succassiul system

dapands on tha natura and 5
the characteristics of the - |
space, the types of space \osEr
flovwr and ralatad apolications : ‘
to it, and th2 aspacts of the 0+ |
air flovws systam design .
raquiramanis.
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rlcsplt.ll Jlr conditioning r2
a morg important rol2 than just
the prormotion of cormfort. In
many <as23, Proyar air
conditioning is a factor in patiant
tharapy; in som2 instance, itis
the major traatmant, Studies
showr that patiant in controllad
anvironma2nis gznarally hava
mora rapid physical improvamsant
than do thesa in uncontrollad
anvironma2nts, ASriitA=
Applications ‘19399,

Although propar air conditioning
dasigns ara h2lpful in the
oravantion and treatment of
diszase, tha application of air
conditioning to haalth facilities
ura2sa2nts many sy
Thos2 ara not 2ncountarad in tha
conventional comiort
conditioning dasign, ASrIRAE
1999,

Saturday, 11 May 2019
ri2althy and rlygiene Principles

SUMESS

cific provlams.

X 4 » A

The World rlealth Organization (WrlO) defines health as “A stat
of complzte physical, m-*nt.:l .mJ social w2ll-b2ing and not
maraly tha assanca of dise or disability”

Last '1983; defines haalth as “ ‘\ state characterizad by anatomic
intagrity, ability to parform parsonally valuad farnily, woris, and
social roles; ability to deal with physical biologic; and social
stress; a feeling of weall-bzing; and freadorm from the risk of
dis2asa and Untimely daath”

@

rliggins ‘1933; definaes as advarsz haalth 2ffect as a biological
change that l’**dJ 23 the level of weall b2ing or functional
capacity.

Alir conditioning,
therefore, includes the
entire heat exchange
operation as 'well as the
regulation of velocity,
therrmal radiation and
guality of air, as well as
the rermoval of foreign
particles and vapors,
Stoecker et al. 1985.
44
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ASHRAE tHealthy and Hygizne Factors

JThe need orestrictair . Factors influencing healthy and Hygiens

mmmmw (no cross Pressure Relationship 6 ﬂ
Air Mlovement Efficiency

@ =

“The specific requirements for
ventilation and filtration to
dilute and raduce
contamination in tha form of
odor, airborne microorganisms
and viruses, and hazardous
ehermical and radioactiva
substances.

“The different lemperature and
hurnidity requirements for
VArious areas.

“The design sophistication
needed to permit accurate
control of environmeantal
conditions.
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Codes and guidalines Spec fj
amparatura rang2 critaria
hospital arzas as a maasura
infaction control as wall as
comiort. Local tamgarature
distributions graatly affact

gccupant comiort and parception
of the @nvironmeant. If the ambiant
indoor air tamparatur2 is oo
warm, saopla varcaiva tha
anvironment to b2 stuffy with little
airilow. This condition can oftan
result in fatigu2 and lethargy.

soma
i’:)r

rurtharmor2, high t2mparaturaes
may causa incraasad outygassing
of toxins from furnishings,
finishas, building matarials, atc.
Allernativaly, ambiant
lemparaturas that ar2 oo cool can
cause vccupant discomiort such
as shivaring, inatiantivaness, and
muscular and joint t2nsion.

X 4 » A
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Temperature Control

“The tlemperature should b2 controlled by change of supply
ternperature without any airflow control.

*Temperature differance baiwaen the warrm and ool regions
should b2 minimizad to decrease the airflow drift.

“Good airflow distribution is requirad o creaie homoyganous
dormain without large differancz in the femparature distribution.
Accaptable mparatura in the occupancy zongs and in tha
patiant bads.

Experimental Prograrnms

in the hospitals provides s
. . ad p
a good inforrmation to o0/ 30)

4‘,

assess the efficiency of
the FHVAC systerns and

3 ~~'\ /\ A

EEEEN
[I1 1] 1]

provide a suitable guide - s HE
for the rmaintenance m ! —

o
-

PN

enginegers and the
environrmental
engineers.
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ASHRAE , Ralative Flumidity Conirol

ralativae humidity affacts human
comfort directly and indirectly. itis  |jlost of Healtheare Workers could not be able to define the
a thermal sensation, siin moisture,  greblem of the air<conditioning systems.

discomfort, and tactile sensation of Thay complaints that the space is cold and thay parspire in that
fabrics, hzalth and parecaption of zold space

aAir @ivialivz Leys idity affacis ~ e

::,r,,,lfi,‘jrltlx,; ,,‘éj,';',:"?f,‘,’,;.'_f,‘; L’ The answer “Avoid the most tricky conditionad zone”
complaints about dry nosa, throat,

ayas and skin gccur in low

humidity conditions, typically whan

tha daw point is l2ss than 2°C. Tha

uppar humidity limit was a daw

voint of 17 °C in tha ASFIRAE This iis the most tricky

standards, Basad not 39 much on
camiort 2s on considarations of
mold groveth and othar moistura
ralatad phanomana

conditioned zone.

At lower [2vals of humidity, thermal
sensation is a good indicator of
ovarall tharmal comiort and
accaptability. But at high humidity
lavals, tharmal s2nsation alon2 is
not a r2liable pradictor of tharmal
comfort.
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The laminar airflow concapt
davalogad for industrial clzan
room us2 has attraciad tha
intarast of soma madical
authoritizs. Thara ara advocatas
of both vartical and horizontal
laminar airflow sysiams.
Laminar airflow in surgical
oparating thaatras is airflow that
is pradominantly unidiractional
whzn not obstruciad, Laminar
airilow has shown promising
r2sults in rooms usad for the
traatmant of patiants who ara
highly suscaptivla to infaction.
Among such patients would b2
the badly burnad and thesa
undargoeing radiation tharapy,
concantratad chamotharapy,
organ transplants, amputations,
and joint raplacamant.

Saturday, 11 May 2019
Airflow Yelocity Control

This condition participates directly on the airflow distribution in
the room and the value of scavenyging velocity in the room. ror
high=contarminatad araas, the local velocity should b2 graater than
or at lgast equal 1o 0.2 mfs, which has back influgnce on the valua
of the suppliad air 1o ovarcom? this condition. For pati2nt roorns
0.1 m/s is sufficiant in the occupiaed area. The unidirectional
larninar airflow patiarn is commonly attainad at a valocity of 045 +
0.°19 rn/s.

\

) ¢
J
¢

COMFORT

SCAVENGING
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4 .
e e 1" ir Change per Hour (ACH) plays in important role to provide 2
control i areas of aculte care free contamination place. The patient rooms are served by (2 ACH
hospitals that directly affect =% /ACH) in usual. Some eritical rooms could be served by value
patient care are presented by the  up to 12 ACH. The critical rooms, such as the surgical oparating
healtheare standards. These theatres, are supplied by (15 ACH = 25 ACH) in usual. There are
recommendations do not sore guidelines, which advise the value of 60 ACH for the critical

necessarily reflect the eriteria of  eg Actually the proper value of the ACKl could be enhance the
the American Institute of
Arehitests (AIA) or any other airflow distribution in the medical space.

group. Spacialized patient care It was found thaz OutdoorAirI A

arcas, Inchiding organ the minimum i

should have MMM” ; value of ACH is Recirculated Air A bient
mmm“.mw m 4‘0 i“ the Gﬂﬁ@@ mAiIren
Design of ventilation system Spaces to Provi

must, as much as possible, an optirmum Air Cleaner

wrovide air movement from clean  airflow Ambient

to less clean areas. In critical care  distribution. '

areas, constant volume systems

should be employed to assure

wentilation, e.copt in unvccupiad Exfiltration

Local

Exhaust

x ‘ > Q ' ' Air
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Isolation Rooms
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ASHRAE Airflow lovamant Control

In general, outlets supplying airto | o i <o stions, such as fhe

sensitive ultraclean areas should o o000 oo e the suigery bed should be
be located on the ceiling, and loeatod in e influonce aiua of e supply
perimeter or several exhaust ouflets and away from fhe extraction port
outlets should be near the floor.  [oeations. This type of eritical rooms,
This arrangement provides a which is served by the piston flow
downward movement of clean air  configuration, should be wide enough 1o

through the breathing and working  aid the envirenmental engineer to

zones o the floor area for implement the eritical room by the right
exhaust. The bottom of the return  distribution of squipment and funiture.
or exhaust openings should be at Actually the orientation of the operating

table and other eguipment in the surgery In il isolEtion reoms Tor
Iea%t?tmmabwemm:; room lhave a great influence on the ,m@w%wmm@'@m
[ [ [ l l @irflow distribution efficientcy. lbed should be located closing

1o the extraction jports. The

[ \/ ‘ infectious iselation rooms

/ \ should 'be maintained in
‘“‘T ﬁ negative pressure, and located
Vertically Downward Laminar Airflow @m’ﬁ@ Q@ mﬁm W’%&Wi@
o — areas even in the jpart load of
- \ / these areas. In the isolation
L <= 7 =
[patients, the air should be their
For Infectious Patients For immunosuppressed @WI@ Trom he infection. The
o C ﬂ Patients immunosuppressed patient’s
oo Ao lbed should 'be located in the
Side of supplied air, or closing
X 4 » A | to e Supply Ques. 69




Saturday, 11 May 2019

NUMERICAL METHOD
3DHVAC Validations

CONSERVATION EQUATIC

4+

”_ n’ ~.P L'
,mr RATION CONVERGENCE

D FORMI |LH‘ \. VALIDATION
- *« '
_25'

M'

eQUATIONS

Q
) o, ’
Tﬁgﬁuw: ADHVAC

CONCEPTUAL SELECTION AND
DIAGRAM WAL IDATIONS
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OPERATING THEATRE ARRAGEMENTS

Ceiling P + 4+ Ceiling

Supply Supply
Vision Lamp %
‘D
-]
E
~

Operating Table
4 I}
1.0m

Operating Theatre || 4 __=cl___¥ [IPartialWall ceiling
Supply
] o Return [
N — —
Vision Lamp
: o o
= 2.0
E | m i,
” | Operating Table
-q—r\Re‘u,_m L ] Return [
—
Al 1.0m
é [ ] Floor
Room Length
0.6 m x 0.6 m with
absolute filter banks
Staff Location Supply Air Inlets
Return ot ————— - - Return
I N — 1 . .
e e e e —_ o+ —N
c
2 Staff Location
~ E Location of the
= Operating Table
D=
X Direction Plan View of The Surgical Operating Theatre

Call

X 4 » A

Floor X Surgical Operating Theatre
Room Length

Return 0.6 mx 0.6 mwith .

N— absolute filter banks Supply Air Inlets
Location of the :_____ﬂ' 2
OperatingTable , | E

- =]

S =

¥

(=]

O

¥ Direction Plan View of The Surgical Operating Theatre

Call
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"RESULTS AND DISCUSSIONS

Surgical Operating Theatre

oo

425 020 015 0.9 005 000 005

g
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"'RESULTS AND DISCUSSIONS
Surgical Operating Theatre
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ASHRAE

- RESULTS AND DISCUSSIONS

Surgical Operating Theatre

C:‘“"G Sugply |‘ ‘l swly
a :5 -
l Light Pendent ‘ ‘
erating Table
L)
=Y

i .
S
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ASHRAE Contaminant Concentration Control |

Alr quality Wit ateo be Mainly the contaminant distribution depends on the location of
maintained o provids a healthy, gy pollutant source relative to the outlets in inlets of the airside
Sources of pollution axist in system. This represents the importance of the furniture and
both the internal and external medical equiprment on the contaminant distribution. The velocity
environment. The indoor air of the airflow and the airflow direction contributes of decreasing
m&mﬁfﬁn@w the contaminant concantration.

. taminant The recaleulation zones and the turbulent air provides unclean
m&wm‘m environment in the healthears facilities. The unidirectional
Guantios of veniiiation for laminar and free turbulent airflow is recommendsd in the
various types of vccupancies hospitals in general.
and methods of determining the

proportions of outside air and

racirculated air. Although proper

air conditioning designs are

helpful in the prevention and

treatment of diseases, the

application of air conditioning o

health Facilitios presents many

specific problems. Those are not

encounterad in the conventional

ASHRAE 2001, - —
75
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ASHRAE Thaoratical Investigation Mathods

In the isolation rooms for Isolation Rooms for immunosuppressed Patisnts

immunosuppressad patients,
whose have high susceptivility to
infaction, the air should be their

guard from the infection. The
eraation of air curtain near the
immunosuppressad patient is
recommandad here 1o be an
additional daefanse. The

immunesuppressad patient’s bad
should ba lozatad in the side of

suppliad air, or ¢losing o the

Extraction

18 19 20 21 22 23

c
]
=
3]
®
o]
%
1]

Extraction
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ASHRAE Thaorstical Investigation Methods

In the isolation rooms Tor
infec fionte. tve bation Isdaﬁonkwnshﬂnhetious?aﬁem%

bad should be located ¢losing
1o the extraction ports. The
streams of the air will defend
for the FICW and visitors and
will @xtract the infecied air

fror the room. The infectious
isolation rooms should be
maintaingd in nagative
pressure, and located closing
1o positive Pressure areas @van
hmmwdﬂmm

ction

Extra

Supply

Hurmnid Ragion

Extraction
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In the critical sactions, th2 patiant
sad should b2 locatad in tha
influ2nca arza of tha supply
outlets and away from the
axtraction port locations. This
type of eritical rooms, which is
sarvad by the piston Hlow
configuration, should b2 wide
anough to aid tha 2nvironmeantal
anginaar o implamant tha critical
room by the right distribution of
aguipmant and furnitura. Actually
tha oriantation of tha bad and
other equipmant in tha room have
a graat influzne on the airilow
distribution 2ificiancy.

Saturday, 11 May 2019
Tnzoratical Invastigation Nathods

Surgical Operating Thaatres and 1CU

Extraction

=
L2
]
Q
©
| ]
.;
L

18 19 20

Extraction

Extraction
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ASHHAE' Problem Under Investigation
Supply Outlet Supply Outlet

Yy Yy

v Y A v Y
KRS
Extraction [ ‘ Extraction

Ports Ports

Piston Flow
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Tha following saction daals with
tha various types of pollutants,
and thair potantial sources.
Contaminants can b2 classifiad
in four broad haadings, 2ach of
which r2presanis a wide variaty
of pollutants:

* Organic Compounds;
* Inorganic Compounds;

* Particulata Wlatter; and

* Biological Contaminanis.

Saturday, 11 May 2019

BEnvironmental Contamination Infection

It must b2 undarstood that
these classifications are
int2ndad to facilitata tha
catagorization of
contarinants. Although the
pollutants ara classifiad into
thaese catagories, cartain
contarninants may bzlong o
Do or more classifications,
dapanding upon thair
natura, Lea 19996, The most
dangzrous bactaria that may
Y2 transrnitiad as infactive
az2rousols are
Staphylococeus auraus and
Nlycobactariurm
tubareulosis.
Staphylococeal infections
nave gcourrad espacially in
nurszries and oparating
rooms.
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ASHRAE ) indoor Aiir Quality and Alirflow Patitarn

To be able to Tformulate an
analytical or @ven empirical
expression relating the
contarminant removal eificiency
1o the a@xisting airflow patiern
and contaminant emission
patiarn, a relation batwaen
contamination and airflow
should be established. itis
assumed that any contaminant,
after it is either emitiad inside
the room or added to the room
with the supply air, is periactly
passive, which means that thesa
contaminants flow axactly like
air. In practice, this assumption
is not always valid. For @xample,
relatively large dust particles will
be influencad by gravity, and
another @xample is the heavy
gases. This sort of contaminant
can not be considerad as

passive in this respect,

X 4 » A 81
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rlospitals and othar haalthcara
facilitias ara2 complax
anvironmants that raquira
vantilation Tor comfort and to
control hazardous 2missions.
Indoor air quality is more critical
in h2alth cara facilitizs dus to
many dangarous microbial and
chzmical agants prasant and tha
increasad suscaptivility of the
svatizants. To build vantilation
systam that is capable of
afficiantly fulfilling all
raquiramanis, oftan 2van
contradictory, is a graat
challangz. In addition, tha
importanca of good indgor
climat2 is not ya2t unanimously
racognizad, In addition, indoor
climata fails oftan to ba
comiortabla,

(Z

Saturday, 11 May 2019
E Indoor Air Quality versus Airilow Patiern
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From pravious
concluding r2sults,
the daesignars of
rlIVAC systams
should considar the
importanc2 of th2 air
distrivution; tha
vositioning of
oparating furnitura
and tha using of
partial walls may ba
usaful to maintain
the air 2nvironmeant
in the surgical
oparating thaatres,

To achizve and maintain good Indoor Air Quality (1AQ) conditions, it is
nacassary to ramova or dilute airsorn2 contamination in th2 2nclusa
space. Yentilation air distrivution patiern has a great 2ffizct on the 1AQ in
anclesad spaces espacially nzaltheara applications. The primary tasiks
of ventilation systam ar2 to ramova th2 contaminatad air from th2 rgom
and 1o supply the gccupiad ragion of th2 room with <lean air, Etharidga
at al. 1995,
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The airflow has a graat
influ2nca on tha asaptic
2nvironmeant of the activity
zon2. Nead for a eriterion
capabla of yizlding tha air
distrivution 2ffectivengss in tha
activity zone for differant
dasign, is ur_j-*ntljr qquirad to
assist tha dasignars to
construct tne optimum rlVAC
dasign for tha givan
architactura design. This indaxk
should account for th2 influgnce
of the prasance of the horizontal
and vertical flow in the activity
Zon2, and the influg2nce of the
flow that comes from the
n2ighboring zonzs 2spacially
the axhaust zon. 39 th2 indax
will depend on tha waighting of
the flow diraction to tha idaal
casa that was wrasaniad in tha
sant invastigation.

Acitual Room

Supply Zone

Activity Zone

Activity Zone

;i\\ _______

Dirty or Extraction
Zone

P —

Dasigns

Cross Horizontal

(_‘lean Dowmvard F bow Infecton

Upward Flow

Cross Horizontal

Exhausted Dowravard Flow Jnfechon

\; \J'I Part of the exiracied

amflow with addibonal
Part of the exdracied

anh orne and gases
amflow was directed to =
the exiraction poris
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E, Alr Quality for rlzalthcare Users

rlypothatically, the protactive
areas are the areas that receive Unrequired flow from the Activity zone Supply Zone

clzan air only and scavanga all '
the pollutant air. Racaiving any

(B

vollutad air from any othar zona Protective area

or area (diractly or indiractly) | Required continues flow for

dacraases tha air quality lavel of scavenging the operating

the protactive area. The diract

way stems from the upward Hlow g
from the dirty zon2 1o the activity e “~ ) S
zone. The indirect way arises / P . A
from raceiving pollutad air from - X s ™ Unrequired upward and | =
the clean zones, which should . < \ recirculation inside the | £
supply tha protactive arzas by tha - g ) | activity zone (in the level| >
claan air. _ T i L / yof surgery staff

Dirty or Exhaust Zone

N |

Unrequired flow from the dirty zone

Th2 first rule that should b2 followed is craating a protactiva area around
the patients and surgary t2am or at [2ast at tha respiration [2val of parsons.
Tha whol2 domain can b2 dividad to thrae main zones, namealy; supply zong,

activity zong, and dirty or exhaust zon2. 9nly tha completa “piston effact”
flows can pravant th2 Bacikkward or th2 ravarse intaraction from the pollutant
2on2s 1o [23s pollutant or clzan zones (Kamsaeal, 2992),
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ASHRAE, Airilow 2attarn

This location in imgst cases
participaias in the ha2aling of tha
vatiant, and raduces risks of
infaction from the patients to
tha rlealthCare Workers (rIC'W)
and visitors or from others 1o
tha patiznts. Indaad, this
location varies according to the
facility function and to the
wvatiant casa,

Isolation Room Isolation Room

Immunosuppressed Patients Infectious Patients

Surgery Room Surgery or Critical Room

In the isolation rooms for infactious patients, the patiant bad should B2
locatad c<losing 1o the extraction ports. In the isolation rooms Tor
immungssupprassad patiants, whoes2 have high suscaptivility to infaction,
tha air should ba thair guard from tha infaction. Tha craation of air curtain
nzar th2 immungssupprassad patiant is racommeandad hara2 to b2 an
additional defansz. In the critical sactions, such as the surgary rooms, the
surgary vad should be locaiad in the influ2nca area of the supply outlais
X < > Q and away from the extraction port locations. 85
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Proiaction of rlealincare Rooms Usars

Th2 presant woricmada usa of tha
computar program 3IDrVAC
(rCamazal, 2992), (Kama2l and Khalil
2003). Th2 program solvas the
diffarential aquations govarning
the transport of mass, thraa
moma2ntum componznts, 2naryy,
ra2lativa humidity, and air
contaminant local-mzan-ag2 in
thraa-dimznsional configurations.

[ | ] | N ~ Wl n S
VL i Mhis dasign
(S T T ! ; :

[ T { /

urovida
aptimum
urotaction to
the rlaaltheara
Staif and
svatiants with
loviar 2narygy
saving.

In the presant study, tha rIVAC
airsida analysis is sasad on tha
analysis of th2 strzamling gatiarn
of the Tlow and the ratio of tha
circulation zones’ volums o tha

spaca volume with tha aid of This design
intagratad Naural Natworig orovide
orogram (KKamazal, 2992). A sampla ontimum

of tha results of such analysis is anarygy saving
SNYWN h2ra. with lowear

vrotaction to
the rlealthecara

Starf and

X 4 » A natients.
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This represents different
types of these trials. This Table
introduces an analysis for each
design.

Qe feveland ivsar
froorextract fromtve
Tourwalis orfour
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Airside Design (Aliernatives)

G
G
@@




Saturday, 11 May 2019

ASHRAE Alirside Design (Real Example)

Mew iasr EL-Aini Teaching Hospital
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Airside Design (Optirnurn for SOT)

lIn yeiersl, vutists supplying dir © sunsitive
Uitraehsan dreds shodld ve lvcated on e
eeiling, awd perinveter or el exhEust
Guliets should e vedr tive Tioor.

% This analysis of airside designs, enerygy eificiency, and Indoor Air
Quality (IAQ) periormance indicated the necessity of caraful
selection of the optimum locations of the supply outlets and

extraction ports.

This design is recommendead. This design is  highly
The extract ports can be recommendad to provide a
localed on the wider opposite complele ¢lean environmeant
walls to enhance the design with Tewer areas of the
efficacy. recirculation.

X 4 » A 89
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it was f.unJ tha strong dapandanca
r2lation Batywaan tha corrac
supplying conditions and comiort.
Actually, Tha dapandanca on
supply conditions only to save tha
anarygy is not valuable, This trand
lzads tha reszarches to unraalistic

a2sults. 9n2 should invaestigaia tha
roots of tha e2narygy-wasting
vrovlam in the air-conditionad
spaces due to the rlVAC sysiams.
Indaad, tha optimum airsida
configuration design can savea tha
anarygy diractly.

3..5.;.

[E

X 4 » A
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SUnvly Conditions

Changing
Comfort
Conditions

Incorrac
Incorrac

Not Optimum
HVAC or Airside Designs

Uncomfortable Feeling Low Hygienic Level

Changing
Quality
Conditions
Changing Supply Conditions
Manually or Automatically

Needs for Additional Energy

t Supply Conditions ar2 a rz2ason for 2anaryy wasta
C Airside Dasign participates in 2naryy lussas
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Consultant rlosoital - amman, buidan
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Consulianit Hospital - anmam, Juidem
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HRAE, rRecommandations

The air is not a madium only Hut it is a guard in the eritical
applications. Th2 airflow can b2 usad as an enginaaring ool to
orovide “fre2 contarminant” area. The proper diraction of the
airflow increases the possibilities of pollutant scavenging frorm the
na2althcara apolications.

The proper airflow direction starts from the optimurm design of tha
rIVAC airside system and the optirnurn election of the supply
outlets and extraction ports. The present work introducad a
oralirninary trail o find the optirnurn FIYAC airside design in the
nealthcare facilities. The nurmerical t1ool, that usad here, Wwas found
39 @ffective 1o pradict the airflow patiern in the healthcare
facilities with reasonable cost. 39 it is recommendad o usa the
crD wutilities as a praliminary 9ol to @xplore the optirnurn FIVAC
airside dasign.

Indazad, the optimurn rlIYAC airside dasign starts from the
architectural design of the h2althcare facilities. The good
architaectural design allows the rIVAC designars to locate the
sSupply outlaets and e@xtraction Ports in the optirnurm location. 39
the rlYAC airside design should b2 stariad from the planning

nhase of tha hospital.
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Racommandations

The critical areas should ba locaied in separate sactions or
divisions. Indeed, in the large hospitals, it is preferable to locate
the critical areas in separate floors. Especially the surgical
operating rooms should be located in separate suite.

For the already existing designs with poor airflow distribution, the
environmeantal engineer in the hospitals ean improve the airflow
patiern by redistributing the medical equipment and furniture in
the proper location.
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