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Abstract
The publication presents the design, construction of a prototype, and the course of verification tests of a special horizontal 
laminar flow cabinet made entirely of plastics. In the cabinet design process, numerical simulations and airflow analyses were 
used to achieve a laminar, uniform flow in the device's workspace. A prototype was built and subjected to verification tests 
regarding the intensity and nature of airflow as well as air cleanliness. The cabinet is equipped with its own filtration-
ventilation module providing clean air to the workspace and removing used air to the external ventilation system. It ensures 
an increased level of protection for workers dealing with microorganisms and hazardous airborne chemicals, as well as 
complete corrosion resistance inside the workspace. A particular area of application for the cabinet is research involving 
radionuclides, volatile, toxic chemical compounds for which air-recirculating devices cannot be used in the room where they 
are placed. The developed solution has been protected by industrial property rights and used to implement a contract for the 
supply of a set of equipment to the laboratory of the Institute of Nuclear Physics of the Polish Academy of Sciences.
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1. Introduction

Laminar flow cabinets are devices used in 
laboratory work requiring a sterile environment 
( et al., 2017, Vellutato, 2021). In the 

designated space of the cabinet, a unidirectional, 
laminar flow of sterile air occurs, with constant 
velocity and approximately parallel streamlines. The 
air is pre-filtered through a pre-filter and a HEPA 
filter. The purified air exits the cabinet in a continuous, 
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uniform stream, forming a barrier that impedes the 
entry of bacterial spores or fungal spores, which are 
constantly present in the air outside the cabinet 
(Barbosa et al., 2017, Parks et al., 2022). This allows 
for the maintenance of sterile conditions required for 
work, including with bacteria or cell cultures (Pawar 

et al., 2021). Another application of laminar flow 
cabinets is to protect research personnel from the 
harmful effects of substances used during laboratory 
work conducted inside the cabinet. In terms of 
construction, there are cabinets with horizontal or 
vertical airflow (Fig. 1).

Fig. 1. Diagrams showing a) horizontal and b) vertical airflow in a laminar flow cabinet (Guide, 2024)

The criteria for the operation and classification of 
laminar flow cabinets intended for safe microbio-
logical work are contained in the standard PN-EN 
12469:2002. The standard distinguishes three classes 
of cabinets for safe microbiological work. 

A class I cabinet with a large window in the front 
wall, through which the person working can perform 
tasks inside it, protects the worker and prevents the 
escape of contaminants generated inside the cabinet 
through the airflow, thanks to forced inward flow into 
the chamber and exhaust air filtration. It is suitable for 
work involving low or moderate-risk toxic agents 
where product (sample) protection is not required.

A Class II cabinet, with a similar construction, has 
additional air filtration circuits inside the chamber and 
exhaust air filtration. It provides protection for per-
sonnel, the environment, and the sample (Lapa-
mnouysup et al., 2022, Jones et al., 2001). In a Class II 
cabinet, an internal unidirectional downward laminar 
airflow and an air curtain at the cabinet opening are 
used.

In a Class III cabinet, the workspace is completely 
enclosed. The person working is isolated from the 
workspace by a physical barrier (e.g., gloves). Filtered 
air is continuously supplied to the cabinet, and exhaust 
air is treated to prevent the release of microorganisms 
and chemical contaminants. In the workspace, a nega-
tive pressure of approximately 120 Pa is maintained, 
and airflow is forced by an external ventilation system.

Laminar flow cabinets are most commonly 
constructed from stainless steel with a front shield 
(glass or plastic), which either opens completely or 
allows the user's hands to be inserted into the 
workspace. Typical equipment in cabinets includes 
air/gas valves, electrical sockets, a sink, and a water 
tap (Vellutato, 2021). 

Technologies has extensive experience in designing 
and manufacturing research equipment capable of 
achieving specific atmospheric parameters required 
for test environments ( , et al., 2019, , et 
al., 2021, Samborski et al., 2022). Examples of such 
equipment include sets for testing volatile organic 
compound (VOC) emissions from building materials 
and wood, climate chambers with wide ranges of 
temperature and humidity changes, dust, aging, rain, 
corrosion, condensation, and calorimetric chambers. 
The experience and expertise gained during the 
execution of these projects enabled the achievement of 
the goal described in this work, which was the 
development and construction of a set of special 
laminar flow cabinets made entirely of plastics, 
following the requirements of the Institute of Nuclear 
Physics of the Polish Academy of Sciences. The most 
important requirements of the purchaser were to 
achieve laminar, horizontal airflow and air cleanliness 
delivered to the chamber in ISO6 class.

a) b)



14

5, 2024, Pages 12-20 ISSN 2450-8217

2. Laminar Flow Cabinet Design

The developed acid-resistant laminar flow cabinet 
with horizontal airflow direction in non-metallic 
execution is a niche product not offered on the market. 
Its unique design, characterized by the complete 
elimination of metallic elements from the workspace, 
prevents corrosion and increases the cabinet's opera-

tional durability. A specially designed laminarizer 
with appropriately distributed outlet holes organizes 
airflow and ensures a uniform horizontal flow. The 
possibility of collaboration with an exhaust system 
ensures the removal of hazardous vapors from the 
room while maintaining clean room requirements.

Figure 2 depicts a virtual 3D model of the 
constructed cabinet with horizontal laminar flow.

Fig. 2. 3D virtual model of the laminar flow cabinet (front view): 1 - workspace, 2 - inlet chamber, 3 - outlet chamber, 4 - sliding doors, 
5 - inlet partition (right), 6 - outlet partition (left), 7 - inlet channels, 8 - control system cabinet, 9 - frame, 10 - caster wheel with lock, 

11 - ventilation module, 12 - shelves, 13 - cable gland, 14 - power sockets, 15 - control panel, 16 - LED lighting

The laminar flow cabinet, constructed from 
PMMA panels, consists of three spaces:

the central workspace 1, where laminar, 
horizontal airflow is achieved,
the inlet chamber 2, supplied with filtered air 
from the ventilation module 11 through ducts 7,
the outlet chamber 3, from which the air flows 
into the ventilation module and then to the 
discharge, where it is expelled outside (Fig. 3).

Between chambers 1, 2, and 3, there are partitions 
5 and 6 made of perforated PMMA panels and 

appropriately selected filter mats. The damping 
properties of the mats, perforation of the partitions, 
and the pressure and flow rate of the airflow are 
selected so that a laminar, orderly flow occurs 
horizontally in the workspace 1. Access to the interior 
of the cabinet is provided through sliding doors 4, 
which are designed with sockets for glove attachment. 
The lower wall of the airtight cabinet is the 
workbench. Inside the cabinet, there are two shelves 
12, and a cable gland 13 is located in its upper wall. 
The cabinet, along with the workbench, is placed on 

3

8

6

4

1110

9

1

131216 5

2

7

14

15



Horizontal laminar flow cabinet 15

5, 2024, Pages 12-20 ISSN 2450-8217

a mobile frame 9, housing the ventilation module 11 
that implements the airflow circuit depicted in Figure 
3. The electronic control system console 8 contains the 
device's control system with software, operated using 
the control panel 15. The workspace of the cabinet is 

illuminated by an external LED lamp 16. Next to the 
control panel, electrical power sockets are installed for 
the optional powering of additional equipment used 
during experiments.

Fig. 3. Air circulation in the laminar flow cabinet

3. Airflow Simulations and Analyses

During the construction and refinement stages of 
the virtual spatial model and the development of the 
device's construction documentation, numerical 
simulations and airflow analyses were conducted. The 
aim was to preliminarily select airflow parameters and 
verify the model. The following parameters were 
adopted for the numerical calculations:

Total airflow capacity through the device 
ranging from 100 to 300 m3/h.
Flow with a capacity above 200 m3/h is used for 
intensive ventilation of the workspace and does 
not need to be laminar.
The construction of partitions between the inlet, 
workspace, and outlet chambers can be 
modified (filling degree, shape of openings, 
type of filter mat) to optimize the flow 
distribution through the workspace.
It is possible to divide the airflow streams 
supplied from the ventilation module to the inlet 
chamber and extracted from the outlet chamber 
(two flow channels each) and adjust the flow 
velocity in individual channels (typically 
achieved through the use of interchangeable 
baffles).

During the simulations, the flow resistance 
through the partitions, division of airflow streams, and 

flow velocities in the channels connecting the 
chambers to the ventilation module were varied.

The calculations were performed using compu-
tational fluid dynamics (CFD) software - Autodesk
CFD, which is a tool used to solve equations 
describing fluid flow using numerical methods. The 
use of such tools provides extensive capabilities for 
analyzing flow phenomena and processes, enables 
a better understanding of them, and thus allows for 
the optimization of existing solutions. During the 
development of new products, CFD is used as a tool to 
shorten the product development time.

During the simulation process, constant volu-
metric flow conditions at the inlet and outlet of the 
chamber were assumed as boundary conditions. The 
analysis concerned calculations excluding the 
temperature change and impact to achieve a steady-
state flow condition. The model was meshed using 
adaptive technology, starting with default settings for 
the density of finite element mesh with initial three 
wall-adjacent layers and a gradation factor of 0.45. 
A modified Petrov-Galerkin method was used as 
a computational model (advection scheme) to ensure 
stability of calculations. Air with constant parameters 
was used as an agent (Table 1).

inlet

air outlet

laminar flow zone
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Table 1. Air parameters used in the CFD analysis Figures 4 and 5 show the results of the calculations 
in graphical form showing the flow velocity distri-
butions, directions and distribution of air flows for 
a total flow through the cabinet equal to 150 m3/h. An 
ordered flow through the workspace in a horizontal 
direction with a constant velocity distribution across 
the entire cross-section of the cabinet, excluding the 
wall areas, is visible.

From Figure 4b, it can be inferred that the expected 
airflow pattern was achieved by supplying the inlet 
chamber from one of the two ducts connecting it to the 
ventilation module and by extracting air from the 
outlet chamber through both modeled ducts. The 
results of the numerical calculations were used to 
develop the design of the partitions and to select the 
interaction mode of the cabinet with the ventilation 
module. The results were verified during prototype 
testing.

Fig. 4. The result of the airflow simulation in the cabinet: a) velocity distribution in the inlet, workspace, 
and outlet chambers, b) airflow distribution (view from the outlet chamber side)

Fig. 5. Result of airflow simulation in the cabinet velocity distribution 
in the workspace in selected vertical planes

a) b)
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4. Prototype and Verification Testing 
of the Special Laminar Flow Cabinet

The prototype of the special laminar flow cabinet 
ITEE 

Prototyping Center based on the developed technical 
documentation. Most of the structural elements in 
contact with the internal experimental environment 
were made of polymethyl methacrylate (PMMA) 
sheets joined by polyamide screw connectors. Such 
a design, according to the assumptions, prevents 
corrosive processes that may occur during work with 
aggressive chemical environments. Figure 6 shows 
a photograph of the prototype cabinet.

Fig. 6. Prototype laminar flow cabinet made of plastic

The control of all functions of the complete device 
is performed using the operator's panel. Most control 
functions are accessible from the touch control panel 
equipped with user software (Fig. 7). The operator 
menu allows for adjustment and displays values of the 
airflow rate through the cabinet and the pressure 
difference relative to the surroundings. It is used to 
stabilize device operating parameters and signal 
warning and failure states, such as filter clogging or 
fan damage.

The constructed prototype of the cabinet was 
started up and tested to perform all manual and 
automatic operational activities.

The prototype underwent verification testing to 
ensure that the technical parameters of the device met 
the customer's requirements. The tests included the 
following:

measurement of the airflow rate through the 
cabinet,

examination of the airflow velocity distribution,
examination of air cleanliness,

Fig. 7. View of the control panel: 1 - warning icon, 2 - alarm icon, 
3 - ready-to-operate icon, 4 - device activation icon, 5 - information 
about current airflow rate, 6 - information about current pressure 
difference between the cabinet and the surroundings, 7 - barograph 
of the percentage efficiency of the supply fan, 8 - barograph of the 
percentage efficiency of the exhaust fan, 9 - field with information 
                  about alarms, warnings, and current events

The airflow rate through the cabinet ranging from 
100 to 400 m3/h was measured under normal 
conditions using a balometer, with a measurement 

compared with the indications on the operator panel 
calculated based on the measured pressure difference 
at the fan and its characteristic. In the range of airflow 
rates up to 200 m3/h, the relative measurement error 
was up to 7%, while above this range, it did not exceed 
4%. The exact value of the airflow rate through the 
cabinet is not a critical parameter of the process being 
carried out and serves to assess the intensity of its 
ventilation. Therefore, the achieved measurement 
accuracy is sufficient.

Local airflow velocity measurements inside the 
chamber were conducted at nodes defined by a grid of 
measurement points evenly distributed across the 
transverse middle section of the workspace. Table 2 
shows the coordinates of each measurement point 
and the measured airflow velocity values at those 
points.
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Table 2. Airflow velocity distribution in m/s in the central plane of the chamber for an airflow rate of 300 m3/h
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] 727 0.08 0.14 0.17 0.26 0.17

666 0.00 0.16 0.24 0.23 0.23 0.10

604 0.02 0.07 0.14 0.22 0.25 0.19

533 0.00 0.19 0.25 0.23 0.37 0.23

462 0.17 0.19 0.22 0.21 0.32 0.16 0.10

373 0.19 0.23 0.31 0.20 0.20 0.26 0.23

302 0.23 0.30 0.33 0.19 0.21 0.23 0.21 0.17

231 0.24 0.20 0.25 0.18 0.21 0.30 0.30 0.05

169 0.21 0.16 0.16 0.27 0.20 0.18 0.33 0.19

108 0.19 0.28 0.22 0.29 0.24 0.21 0.35 0.23 0.31

107 169 230 290 351 412 472 533 595

X-coordinate of the measurement point [mm]

The Y-coordinate of the measurement point 
represents its distance from the chamber's bottom 
surface (table), while the X-coordinate represents its 
distance from the rear wall. Measurements were 
performed using a thermo-anemometer probe with 

measurement results indicate a sufficiently uniform 
velocity distribution in the central transverse plane of 
the chamber, except for the wall areas where the 
velocity is lower than the average value. In Table 3, 
the average values of laminar airflow velocity are 
shown for several selected total airflow rates.

Table 3. Average values of laminar airflow velocity in the cabinet for selected total airflow rates

Airflow rate through the cabinet [m3/h] 150 200 300

Average value of air velocity in the 
working chamber [m/s]

The laminar airflow character in the working 
chamber was also confirmed using a smoke test 
according to the method described in the PN-EN ISO 
14644-3 standard, section B.3 the introduction of 
a marker (smoke generated from test tubes containing 
smoldering sulfuric acid) into the air stream (Fig. 8).

Air cleanliness in the working chamber was 
assessed using the particle counter Met One 3423 

(Fig. 9a) (flow rate of the counter: 50 l/min., measu-
rement channels from 0.3 to 10 
uncertainty ISO-21501-4 Calibration). The test was 
conducted under the same conditions as the other 
verification tests.

Figure 9b shows the particle counter during 
measurements in the cabinet and the test report with a 
total airflow rate of 300 m3/h.

Fig. 8. Airflow smoke test
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Fig. 9. Air cleanliness test in the working chamber using the particle counter Met One 3423 (a), 
and the test report for a total airflow rate of 300 m3/h (b)

The functional tests of the prototype laminar flow 
cabinet and the results of the verification tests 
confirmed that the constructed device meets the 
technical and functional requirements formulated 
during the conceptualization and technical design 
stage.

5. Summary

At ITEE in Radom, a prototype 
laminar flow cabinet with horizontal airflow, entirely 
made of plastics, was developed and constructed. The 
concept and operation of the device were developed in 
cooperation with and commissioned by the Institute of
Nuclear Physics of the Polish Academy of Sciences. 
During the device's design, numerical simulations and 
airflow analyses were utilized to achieve the required 
laminar horizontal airflow throughout the working 
chamber's volume. A fully functional prototype 
chamber equipped with apurification and ventilation 
module was built and subjected to comprehensive
verification testing within a complete laboratory setup. 
The developed chamber allows for collaboration with 
an external exhaust system and provides complete 
corrosion resistance inside the working space. The 
combination of these features makes it a unique 
product not previously available on the market. A set 
of four chambers was manufactured and installed in 
the laboratory of the Institute of Nuclear Physics of the 

ITEE 
have been protected by industrial design registration 
(Rp.27206, 2021).

Further work is planned to increase the functio-
nality of the device. This includes equipping the 
chamber with a water supply and sewerage system 

(sink, eye wash station), and consequently modifying 
the structure of the ventilation module.
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