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Abstract - Within the domain of advance fire safety 
technology, the aspirating Smoke Detection systems  (ASDS) 
stand as beacons of unparalleled sensitivity. Yet, even within 
the realm of such cutting-edge detection technology, the 
intricate network of air sampling pipes presents a 
formidable challenge. This challenge has evoked the 
necessity for rigorous regulations, exemplified by standards 
such as NFPA 72, which stipulate a maximum transport time 
of 120 seconds, while VEP manufacturer Xtralis 
recommends a tighter window of 60 seconds, coupled with a 
minimum suction pressure of 25 Pascals.The intricate 
nature of these networks often renders practical testing an 
insurmountable hurdle. To overcome this formidable 
obstacle, a high-precision software modeling tool has been 
meticulously crafted, predicting parameters with a 
remarkable degree of accuracy, reaching up to 90%. 
Employing the ASPIRE pipe network software, a profound 
comprehension of the intricate flow dynamics within ASDS  
pipes was achieved, enhancing pressure loss calculations by 
experimentally ascertaining local loss coefficients, assuring 
the pinnacle of fire safety in the most critical of 
environments. 
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1.INTRODUCTION  

The research delves into the precise characterization of 
air-sampling networks employed in smoke detection 
systems, particularly those developed and manufactured 
by Vision Systems Limited, a globally renowned leader in 
Very Early Smoke Detection Apparatus (VESDA). 

ASDS are instrumental in providing early warnings of 
potential fires by detecting smoke particles at their initial 
stage. This early detection is of paramount importance, as 
it can mitigate equipment losses and facilitate a safe and 
timely evacuation to protect both human lives and 
valuable assets before a fire escalates to the flaming stage. 
In complex pipe networks, it is often unfeasible to perform 
practical tests for transport time, suction pressure drop, 
and dilution factor for every sampling hole post-
installation. Hence, a reliable predictive mechanism is 
imperative. 

 

 

2.Theoretical part  

Data centers serve as the nerve center for mission-critical 
processes, housing invaluable and highly sensitive 
equipment. Even the presence of a minuscule amount of 
smoke within these data centers can trigger a cascade of 
dire consequences. Smoke, as seemingly innocuous as it 
may be, has the insidious power to corrode essential 
components, induce equipment failure, and disrupt the 
seamless flow of operations. In the worst-case scenario, it 
culminates in system downtime, a phenomenon that 
carries a substantial financial burden. According to a 
recent study conducted by Emerson Network Power, the 
average cost of such downtime hovers at approximately 
$500,000 per event. While larger-scale fires can be utterly 
devastating for a business, even smaller smoke events in a 
data center can inflict exorbitant costs. Hence, the ability 
to promptly detect the presence of smoke is not just a 
necessity but an imperative to safeguard the 
uninterrupted functionality of data processing and storage 
facilities. 

In the operational context, data centers become high-
temperature environments with an inherent risk of fire, 
owing to the intensive usage of electronic components. As 
a consequence, facility designers are in a perpetual state of 
reevaluation, continually seeking innovative cooling 
strategies. Their objectives are twofold: enhancing 
efficiency while grappling with the soaring costs of energy 
consumption. While traditional cooling approaches 
maintain their relevance, modern methodologies, such as 
hot aisle and cold aisle containment, are steadily gaining 
ground. As these advanced techniques become more 
commonplace, it is imperative to comprehend the 
complexities they introduce to the realm of smoke 
detection, given the unique environmental conditions they 
create. 

Specifically, ASDS emerges as a pivotal player in this 
narrative. It acts as a bridge between the evolving 
landscape of data center cooling techniques and the 
unceasing need to protect these critical facilities from 
smoke-related hazards. This technology resonates as a 
critical element, one that ensures the smooth functioning 
and economic viability of data centers in a world that is 
ever more reliant on these digital powerhouses. 
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2.1 Mechanism of detection 

An aspirating smoke detector serves as a pivotal 
component within the realm of fire detection systems. This 
detector is essentially a centralized unit equipped with 
multiple sampling chambers. These chambers are 
strategically aligned with an intricate network of pipes, 
serving the purpose of drawing in air from various 
predetermined locations within a building. These locations 
can encompass multiple points within a single room or 
span across an entire structure. 

The heart of this system lies in its continuous analysis of 
the air it draws in. Here, laser technology plays a pivotal 
role, employed to gauge the presence of minute particles 
that scatter light within the air. This advanced mechanism 
allows the system to discern whether smoke particles are 
present within the sampled air. Furthermore, the system's 
sensitivity levels are finely calibrated to accommodate the 
specific environmental conditions, ensuring that it can 
adapt to varying contexts. 

In the event that the system detects the presence of smoke 
particles within the air it scrutinizes, it promptly activates 
an alarm. This alarm is seamlessly integrated with fire 
control panels, forming a cohesive and responsive 
network that is instrumental in fire detection and 
mitigation strategies. 
 
Due to their rapid detection capabilities, aspirating 
systems emerge as an indispensable asset in a wide array 
of applications. Their swift responsiveness and heightened 
sensitivity render them particularly suitable for 
safeguarding critical environments. Such applications 
range from vast industrial warehouses, serving as 
guardians of valuable stock and essential machinery, to 
the mission-critical nerve centers of modern enterprises, 
such as server rooms and data centers. In these contexts, 
any disruption or data loss can have catastrophic 
consequences for businesses. Aspirating systems, with 
their ability to promptly detect smoke, stand as a 
paramount defense mechanism against such dire 
scenarios. 

  

Fig -1: Typical ASDS layout 

3. Assessment Scenario 

 

Fig -2: Typical ASDS floor plan 
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The real-time illustration presented herein depicts the 
installation process of an Aspirated Smoke Detection 
System (ASDS) within a data center setting. To facilitate 
easy accessibility for inspection and testing, detectors are 
typically positioned at an elevation of 5 feet above the 
finished floor level. The piping system, essential for the 
functionality of ASDS, is installed at a height of 14 feet, a 
variable dependent on the height of the data racks. 

The spatial arrangement of sampling ports is meticulously 
tailored to the distinct thermal characteristics of hot and 
cold aisles. In the context of the hot aisle, where 
temperatures are elevated due to concentrated heat 
dissipation, sampling ports exhibit a closer proximity 
compared to the cold aisle. Adherence to the 
manufacturer's prescribed guidelines is imperative in 
determining the optimal spacing for these ports. 

A strategic design element in the installation process 
involves the incorporation of socket unions at the 
initiation and culmination of the hot aisle. This deliberate 
placement allows for a 30-degree rotational adjustment of 
the piping system relative to the direction of the prevailing 
airflow. Such precision in design not only enhances the 
overall efficiency of the ASDS but also contributes to the 
seamless integration of this crucial fire detection system 
within the dynamic environment of a data center. As 
research in this field progresses, these nuanced 
considerations in ASDS installation contribute to the 
refinement and advancement of fire detection technology 
within critical infrastructure facilities. 

The ASPIRE Pipe network software is employed to input 
and analyze a set of specified parameters. It is crucial to 
note that the VEP detector dictates a maximum allowable 
transport time of 60 seconds. This stringent criterion is a 
pivotal consideration in the configuration of the ASDS. 
Furthermore, the dimensions of the sampling ports, 
critical components in the system, are determined as 
5/64". 

4. Assessment of efficiency of detector 

The VEP detector, operating at a speed of 3, has 
demonstrated its effectiveness in the specified scenario. 
The transport time, a critical metric for efficient 
performance, was measured at a commendable 56 
seconds, well within the permissible maximum transport 
time of 60 seconds. This noteworthy achievement 
underscores the device's capability to swiftly and 
accurately respond to the demands of the scenario. 

 

Fig -1: Aspire Calculations result -1 

The air flow rate through each aperture of the detector 
surpasses the minimum threshold, registering at an 
impressive 2.0 l/min. This substantiates the detector's 
ability to maintain optimal operational conditions, 
ensuring the reliable and consistent functionality of the 
system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig -1: Aspire Calculations result -2 
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Notably, the overall balance of the system was 
meticulously assessed, revealing a remarkable equilibrium 
of 82%. This figure significantly surpasses the targeted 
balance of 70%, exemplifying the robustness and stability 
of the entire system. This finding is of paramount 
importance as it attests to the system's capacity to 
maintain equilibrium under varying conditions, further 
enhancing its reliability and performance in real-world 
applications. 

In addition to the exemplary performance observed in the 
current configuration, it is essential to note that further 
enhancements in transport time and system balance can 
be achieved through meticulous adjustment of key 
parameters. Specifically, fine-tuning the aspirator speed 
and optimizing the sizes of individual holes present 
promising avenues for improvement. By strategically 
manipulating the aspirator speed, researchers can explore 
the dynamic interplay between air flow rates and 
transport times, seeking an optimal balance that aligns 
with specific operational requirements. Simultaneously, 
adjusting the dimensions of the individual holes provides 
an avenue for precision control over the air distribution 
within the system, thereby influencing the overall balance. 

These nuanced adjustments represent potential avenues 
for refinement, allowing for the customization of the VEP 
detector to meet varying demands and ultimately elevate 
its performance to even greater heights. Such insights 
contribute to the ongoing evolution of detection systems 
and underscore the importance of parameter optimization 
in achieving optimal functionality. 

5. CONCLUSIONS 

 In conclusion, the deployment and performance 
evaluation of the Aspirated Smoke Detection System 
(ASDS) in a data center environment underscore the 
meticulous considerations essential for its seamless 
integration and reliable functionality. The strategic 
positioning of detectors and piping, tailored to the thermal 
characteristics of hot and cold aisles, exemplifies a 
proactive approach to fire detection in critical 
infrastructure facilities. The successful utilization of the 
ASPIRE Pipe network software for parameter analysis and 
adherence to stringent criteria, such as the VEP detector's 
maximum transport time, reflect a commitment to 
precision and reliability in fire detection technology. 
 
As research in fire detection technology advances, the 
insights gained from this study contribute to the 
refinement and evolution of detection systems, 
emphasizing the critical role of parameter optimization in 
achieving and sustaining optimal functionality. Ultimately, 
these findings not only enhance our understanding of 
ASDS applications but also reinforce the importance of 
adaptability and precision in addressing the unique 
challenges posed by diverse operational environments. 
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