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Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.Nader.W@gmail.Com

About the Lecturer:
 Bachelor's Degree in Mechanical Engineering, Helwan University, El-Mattaria, 

Cairo, Egypt - May 2010.

 Working as Mechanical design Engineer in "DMG" Design and Project 

Management MEP Consultant Group (www.dmg-eg.com) since 2010 till 2012. and 

Mechanical Design engineer  team leader since 2012 till now.

 Working as Mechanical Design engineer Team leader in HOWEEDY Consultant 

office (www.howeedyconsultant.com) since Feb 2016 till now.

 Responsible for :

 Preparing Design and work shop drawings, Bill of quantities, Technical 

schedule, Specifications and all calculations

 Prepare design or workshop MEP coordination drawings, calculations, Piping 

and Instrumentation diagrams, technical specifications, suppliers and vendors 

list.

 Review all mechanical materials and equipment submittals.

 Participated in planning, cost development and management. In addition, 

prepare project schedule line and ensure that the project was completed on 

time 
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About the Lecturer:
 Responsible for :

 Team leader for mechanical engineers and provide technical support to meet 

project goals.

 Performed MEP commissioning visits on the site and Progress meetings to 

follow and solve all problems or conflicts between contractors, vendors and 

consultant offices and make sure that all MEP works are coordinated.

 Prepare & submit billing breakdown for the project and manage the billing 

process for the project

For more information about the lecturer, Kindly visit my LinkedIn 

(https://eg.linkedin.com/in/nader-wadie-31834ba2) 
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MEDICAL GAS PIPING SYSTEM

(MGPS)
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Medical Gas Piping System (MGPS)

Compressed air 
system

Oxygen Nitrogen

تستخدم في الأجهزة الجراحية 
التي تعمل بالهواء المضغوط

CO2 Vacuum Nitrous oxide

1. Pipe type will be used:
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Types of Medical Gas:

1.Oxygen: Oxygen is used when patients require supplemental oxygenation due to hypoxemia and hypoxia 

(insufficient oxygen in the blood). This system consists of a large storage system of liquid oxygen, which is then 

evaporated into a concentrated oxygen supply. Pressures are kept around 380 kPa or 55 psi. This arrangement is 

described as a vacuum insulated evaporator or VIE. For medical centers with a low patient capacity, oxygen is 

supplied by multiple standard cylinders, as opposed to evaporated liquid oxygen.

2.Nitrous Oxide: Nitrous Oxide, or laughing gas, is used as an analgesic, and as an anesthetic for pre-operative 

procedures. Nitrous oxide is delivered to the hospital in standard tanks and is supplied through the medical gas 

system at around 345 kPa, or 50 psi.

3.Nitrogen: Nitrogen is often used to power up surgical equipment during various procedures, and to measure a 

person’s response to a simulated aircraft cabin environment in pre-flight lung testing. This is known as hypoxic 

challenge testing. Nitrogen is also used as a cryogen to freeze and preserve blood, tissue, and other biological 

specimens, and to freeze and destroy diseased tissue in dermatology and cryosurgery.

4.Carbon Dioxide: Carbon dioxide is used to suspend or inflate various tissues and is used in laser surgeries. 

Most commonly, carbon dioxide is used in abdominal and thoracic surgeries, where the surgeon may need to 

move various organs to get to one particular area of the body. Carbon dioxide can also be combined with 

oxygen or air for respiratory simulation and treatment of various respiratory disorders. System pressures are 

maintained at about 345 kPa, or 50 psi.
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Types of Medical Gas:

1. Helium/Heliox: Helium is often used to treat fixed partial upper airway obstructions or increased air

resistance. This will help patients breathe easier. It is also used in liquefied form to help MRI machines to

reach a superconducting state. This allows the MRI to produce high-resolution body images without exposing

the patient to radiation.

2. Carbon Monoxide: This gas is only used in very trace amounts as an ingredient in lung diffusion testing. This

test helps medical staff to determine how well a patient’s lungs are exchanging gases. In addition to these

main gases, there are a number of medical gas mixtures. These are often used for patient diagnostics such as

lung function, or blood-gas analysis. Test gases are also used to calibrate and maintain medical devices that

are employed in the delivery of anaesthetic gases. Medical gases are also used in a laboratory environment,

where bacterial cultures may be grown in controlled aerobic or anaerobic incubator atmospheres. Biological

cell cultures or tissue growth can be controlled by aerobic conditions that use mixtures rich in oxygen.

Conversely, anaerobic conditions are created using mixtures rich in hydrogen or carbon dioxide.
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MEDICAL GAS SYSTEM DESIGN CHECKLIST:
1. Determine terminals units required  (Schedule of provision of terminal units – Future Extensions)
2. Design flow rates and pressure requirements at each terminal unit
3. Using diversity factor equations for piping system sizing

• Piping design
• Zone valves
• Isolation valves
• Master alarms
• Area alarms

4. Determine the total flow (Peak load) and pressure required at plant room
5. Plant room design:

• Select and sizing various equipment
• Bulk oxygen (O2)
• High-pressure cylinder manifolds (O2-N2O-N2)
• Vacuum pumps (VAC)
• Medical air compressor (MA)
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Some abbreviations: 
1. MA4 (Medical air)
2. SA7 (Surgical air/Nitrogen)
3. VAC (Vacuum)
4. AGSS (??)
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A. Determine terminals units required  (Schedule of provision of terminal units – Future Extensions):
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* ASPE code “health care facilities and medical gas and vacuum systems”

2- Determine medical gas inlet/outlet terminals required (type, location, style and future expansion)
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* ASPE code “health care facilities and medical gas and vacuum systems”
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* ASPE code “health care facilities and medical gas and vacuum systems”
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* ASPE code “health care facilities and medical gas and vacuum systems”
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B. Design flow rates and pressure requirements at each 
terminal unit
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C. Using diversity factor equations for piping system sizing
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• The supply system for medical air 400 kPa may be a manifold system, a compressor system or a

proportioning system (synthetic air) and includes an emergency/reserve manifold. A compressor plant

should always be specified where air-powered ventilators are to be used.

• One of the major uses of medical air is for patient ventilators. Patient ventilators fall into two main categories

– those used during an aesthesia and those used during intensive therapy. Pneumatically powered

ventilators can use up to 80 l/min free air continuously. The exact flow requirements will depend on the

design of the ventilator.The flow and pressure requirements for some typical ventilators are given in Table 9.

• 4.53 Current models of an aesthetic ventilators are very similar to intensive therapy models, and may require

peak flows of up to 80 l/min and average flows of 20 l/min. Almost all such units are pneumatically driven

and electronically controlled.

• Medical air 400 kPa is also used for other equipment such as an aesthetic gas mixers, humidifiers and

nebulisers. The flow rates normally required would not exceed 10 l/min, and this flow is always in excess of

the actual volume respired.

     
    E

ng. Nader wadie

     
  Eng.Nader.W

@gmail.com

All rig
hts reserved. copyright © 2016



22
MC-02 PLUMBING SYSTEM

Eng. Nader wadie (Mechanical design engineer, Team leader), Eng.Nader.W@gmail.Com

• The minimum pressure required at terminal units for respiratory use is 355 kPa and all terminal units should be 

tested to ensure that the pressure does not fall below 355 kPa at flows of: 80 l/min in intensive therapy units and 

coronary care units; 40 l/min in special care bay units and operating suites; 20 l/min in ward areas. 
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* NFPA-99 “Health Care Facilities Code”
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D. Plant room design
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 Medical Air, Surgical Air &Vacuumنظام الهواء المضغوط و الهواء الجراحي ونظام السحب 

Systems

أننا لم نقم وبما. أن يكون للموقع مساحة كافية للأنظمة و المعدات نفسها وكذلك توفر مساحة كافية للصيانةيجب 1.

الكافية يمكن ولكن بالخبرة, فيعتبر إختيار المساحة المناسبة مُعضلة, بعض بتحديد سعة المحطة ولم نحدد الأجهزة

مسافة الصيانة النموذجية تحتاج الى. تقدير الأنظمة والمعدات المطلوبة سعتها وتخمين المساحة الطلوبة لذلك

روف  هذه المساحة يمكن تقليصها في ظ. وصول تبعُد ثلاثة أقدام من الأمكان المفتوحة عند جميع جوانب المعدات

.معينة ولكن في هذه المرحلة فمن الحكمة تحديد هذه المساحة الموصى بها كاملة إذا أمكن

اخل قد يكون من الضروري التأكد من المسار د. من وجود منفذ وصول لتركيب الأنظمة في الموقع المحددالتأكد 2.

.المبنى الذي سيسلك لترحيل المعدات والأنظمة إلى موقع التركيب

درجة 105الجيّدة لغرفة الأنظمة والمعدات ويجب أن لا تتعدى درجة حرارة الغرفة بأي حال من الأحوال التهوية 3.

لذلك يجب أن. حتى وإن كانت المعدات و الأنظمة في حالة التشغيل( درجة بمقياس سيلزيوس40)فهرنهايت 

بريد قد يكون من الضروري في بعض الحالات ت. تكون التهوية كافية لتقوم بحمل الحرارة المتولده من المعدات

.الغرف الميكانيكية التي بها الأنظمة

.الخدمة الجيدة للكهرباءتوفر 4.

أن تكون فتحات NFPAيُحتم كود . بإختيار الموقع المناسب لفتحات سحب الهواء الجوي لتغذية الضواغطقم 5.

وأن يوفر الموقع , (قدم20)متر 6.1على إرتفاع , من أي فتحة أخرى( قدم10)أمتار 3سحب الهواء على بعد 

.والطقوسهواء غير ملوث في كل الظروف الجوية 

 عن  من أن موقع فتحات سحب الهواء للضواغط بعيد عن أي فتحات تنفيس أخرى أو نوافذ خاصة بعيداًتأكد 6.

مراوح الطرد و , المطابخ, عوادم الصرف الصحي, vacuum systemمثل عوادم نظام السحب )العوادم 

(.عوادم مولدات الكهرباء وغيرها
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MEDICAL COMPRESSED AIR SYSTEM

A high pressure 
cylinder system

Air compressor system 
using in medical system

Dynamic

Centrifugal

Positive displacement

Reciprocating

Rotary screw

Medical compressed air system:
1. Medical air compressors shall be designed to prevent

the introduction of contaminants or liquid into the
pipeline by one of the two methods:
• Air compressor eliminate oil anywhere in the

compressor (using liquid ring, Rotary screw and
permanently sealed bearing compressor)

• Separate the oil-containing section from the
compression chamber (Compressor have
extended heads)

2. Medical compressors must be manufactured medical
purposes as a reliable source of oil free, moisture free
and low temperature compressed air. Acceptable
compressors types include oil-free, oil-less and liquid
ring.
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E. System control and warning system
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System control valves

Source shut-off 
valves

Main shut-off 
valves

In-line shut-
off valves

Zone valve-box 
assemblies
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AVSUs:المناطقخدمةصماماتمواضعتحديد* (Zone Valves)

أماكندتحديقواعد.الطوارئحالةفيإزالتهيمكنغطاءلهصندوقداخلوتكونالمستشفىطاقمقبلمناليهاالوصوليمكنبحيثAVSUsصماماتتركيبيتم

AVSUsمواضعتحديديجب.التصميممراحلأصعبمنوتعتبرنسبياجاسئةتعتبرAVSUsالتاليةالقواعدمعمتوافقةتكونبحيث:

Terminalطرفيةوحدهلأييسمحلا1. UnitsبدونبالتواجدAVSUsبواسطةبهاالتحكميتمأنمنطرفيةوحدةلكللابدآخربمعنىاو,الطابقنفسفي

AVSUالطابقنفسفيموجود.

DepartmentalوتسمىبهتتحكمAVSUتوفرمنلابدقسملكل2. AVSUحالةفياليهاالوصولليسهلالقسممدخلبابمنبالقربعادةتركيبهاويتم

الصيانةعندأوالطوارئ

Criticalالحرجةللرعايةقسمأووحدةأيفي3. CareبواسطةبهاالتحكممنلابدAVSUمزدوجةدائرةتركيبويتمبهاالخاصDual-circuit.

.الطرفيةالوحداتوصفلترتيبالكودبواسطةالمقترحالترتيببنفسAVSUsترتيبوصفيتم4.

قم.بسهولةإليهاالوصولورؤيتهاويمكنالإمكانقدرآمنموقعفيوتكونوغيرهاالأبواببواسطةمحجوبةغيرAVSUsأنمنللتأكدالحذرأخذيجب5.

.AVSUلتركيبآخرمكاناختيارمنبدفلاAVSUبحجبالبابقاموإذافتحهحالةفيAVSUيحجبلنأنهمنللتأكدوفتحهالبابباختبار

.بهتتحكمالذيالمكانخارجAVSUsوتركيبوضعيجب6.

HTMالبريطانيالكودحسبالمواضعهذهيبينأدناهالشكل.الكودحسبفيهاAVSUsتواجديجبالتيالمواضعاختياريتم7. 02-01.
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Warning systems

Master alarms Area alarms
Interface controls (Relays) 
provided in computerized 

signal equipment

Warning systems:
1. To give warn about any pressure fluctuation by using

line-pressure sensing switches
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Manifold indicator unit:

There should be indicators to show the following conditions: 

1. for each automatic manifold:

• a green “running” indicator for each bank. This should display when the bank is supplying gas, 

irrespective of the pressure;

• a yellow “empty” indicator for each bank when the running bank is empty and changeover has 

occurred;

• a yellow “low pressure” indicator for each bank to be illuminated after changeover, when the pressure 

in the bank now running falls to the low pressure setting;

2. for each emergency/reserve bank a yellow indicator to be illuminated when the pressure in the bank falls 

below 14 bar g for nitrous oxide or below 68 bar g for other gases;

3. for the pipeline distribution system a red “low pressure” and a red “high pressure” indicator to be 

illuminated when the respective conditions occur.

Alarm signal status unit: The following indication of manifold conditions should be provided: 

Indication                                                                                              Legend

1. green “normal”  normal

2. yellow “duty bank empty, standby running”  change cylinders

3. yellow “duty bank empty, standby low”  change cylinders immediately

4. yellow “emergency/reserve banks low” reserve low

5. e. red “pipeline pressure fault” pressure fault
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F. Terminal Units
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HTM2022: Mounting heights for terminal units should be 

between 900 mm and 1400 mm above finished floor level (FFL) 

when installed on walls or similar vertical surfaces. 
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