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HUIJUE GROUP

PRODUCT KNOWLEDGE

Telecom Cabinet Cooling Systems: Fans, Heat
Exchangers and Air Conditioners

Select the cooling architecture from the populated cabinet, site climate, air-quality
boundary and failure response—not from enclosure size or a catalogue capacity alone.

Updated September 4, 2026Telecom cabinet cooling selectionApprox. 14 minute read
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Close with evidence A cooling unit is not the beginning of a cabinet design. The decision
begins with the equipment actually installed, the heat it releases in each operating
state, the highest and lowest site conditions, the permitted component temperatures
and whether outside air is allowed to enter. A fan, heat exchanger and air conditioner
can all move heat, but they create different environmental boundaries and different
maintenance work.

This is especially important at a solar or weak-grid telecom site. Cooling consumes
energy that must be supplied during normal operation and possibly during an outage. A
low-power method may preserve autonomy but fail at hot ambient conditions; a
powerful refrigeration unit may control temperature but add starting current,
maintenance and another critical load. The correct solution is the one whose complete
operating sequence can be demonstrated.

Huijue cabinet platforms reflect this project-dependent approach. Depending on cabinet
family and approved bill of materials, thermal options can include natural ventilation,
fans, air-to-air heat exchangers and AC- or DC-powered air conditioners. Those are
available configuration paths, not a claim that one method, rating or control setpoint fits
every cabinet.

What must a telecom cabinet cooling system control?
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A telecom cabinet cooling system must keep the limiting installed components within
their approved temperature and humidity conditions while preserving the required
ingress, contamination, energy and service boundaries. Air temperature at one
convenient sensor is not the whole duty: component inlet conditions, local hot spots,
cold surfaces and failed-cooling behavior also matter.

The telecom cabinet cooling decision has four linked objectives:

* Reject internally generated heat. Rectifiers, converters, radios, routers,
batteries, conductors and control equipment all release heat, and their losses
change with load, charging and conversion mode.

e Manage the outdoor boundary. Ambient temperature, solar radiation, wind,
wall construction and mounting position can add heat or help remove it. The
same enclosure can behave differently in full sun and under a ventilated shade
structure.

e Control what crosses with the air. Open ventilation can also admit dust, salt,
moisture, insects or corrosive pollution. Closed-loop methods reduce air
exchange but do not make thermal capacity unlimited.

e Protect the service outcome. The control sequence must state what happens
when a fan stops, a filter loads, a heat-transfer surface fouls, a compressor trips,
a sensor fails or the auxiliary power source disappears.

The limiting component owns the temperature decision

Do not average incompatible limits. The governing condition may be at a rectifier inlet,
radio heat sink, battery module, controller, cable termination or another project-defined
point. Record its allowed operating and derating range, measurement position and
required response before selecting thermal hardware.

ETSI ES 203 156 V1.2.1 distinguishes free-cooling, heat-exchanger and air-conditioning
cabinets, addresses matching cabinet and equipment airflow paths, and asks enclosure
suppliers to provide thermal and airflow information. It is a useful specification
framework; the project still has to define its equipment population, environmental class
and acceptance conditions.

Build a thermal ledger before comparing products

A thermal ledger names every material heat source, heat path and operating case
without pretending that one catalogue number represents the cabinet. It is the bridge
between the site survey, equipment data, enclosure design, energy model and control
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sequence.

Ledger entry Input to obtain What it changes

Installed equipment losses Loss or efficiency data at normal, Internal heat released and local
peak and recovery duty hot-spot risk

Battery operating state Standby, discharge, recharge and Heat, allowable temperature and
approved temperature limits need for a separate zone

Outdoor condition Design ambient, daily/seasonal Heat-transfer direction,
range, solar exposure, wind and refrigeration duty and derating
altitude

Cabinet boundary Wall build, surface finish, solar Solar and conductive gain,
shield, seals, openings and passive rejection and
mounting contamination route

Air and moisture Dust, salt, pollution, humidity, rain Whether open-loop air is
exposure and dew-point acceptable and how condensation
conditions is controlled

Auxiliary power Available AC/DC sources, backup Cooling availability and the load
priority, starting demand and added to PV, battery and
energy budget generator sizing

High-level heat balance
Qcontrol = Qequipment + Qsolar + Qboundary + Qair

Boundary and air terms can add or remove heat. The detailed calculation must define signs, areas, coefficients, operating states,
margins and the temperature location being protected; this expression is a scope check, not a product-sizing formula.

Run the ledger for more than a single “maximum load” case. A post-outage battery
recharge can coincide with the live telecom load and high afternoon ambient. A night-
time low load can create a condensation risk after surfaces cool. A door-open
maintenance state changes airflow and contamination. A loss-of-grid state may remove
the AC supply that normally powers cooling while the battery is expected to carry the
network.

The single-wall versus double-wall cabinet guide owns the enclosure construction
decision. The battery cabinet cooling and ventilation guide owns chemistry-dependent
battery airflow and safety questions. This guide uses their outputs to choose the whole-
cabinet thermal architecture.

When is passive or fan-assisted cooling suitable?

Passive or fan-assisted cooling is suitable when the site environment can accept the
required air path and the calculated internal temperatures remain within equipment
limits across normal, degraded and maintenance states. It is not suitable merely
because the cabinet is small or the total electrical load appears modest.

Passive methods use wall conduction, natural convection, radiation, solar shielding and
deliberate component placement without relying on a powered refrigeration cycle. They
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can be attractive for low auxiliary demand and fewer moving parts. Their performance
remains coupled to ambient temperature, solar exposure, wall construction and the
thermal resistance between heat-generating parts and the outside environment.

Cabinet fan cooling adds forced airflow. An internal circulation fan can reduce local
temperature differences without exchanging cabinet air; a filtered ventilation fan
deliberately moves outside air through the enclosure. These functions should not be
confused. Internal circulation cannot reject heat that the enclosure boundary is unable to
pass, while open ventilation changes the dust, water, salt and humidity boundary.

For filtered ventilation, specify the airflow at the installed system resistance—not the
fan’s free-air value. The filter, louvres, rain path, grilles, ducts, cable congestion and
fouling allowance all affect the operating point. Define filter grade, replacement
criterion, access method and the consequence of installing it backwards or leaving it out.
The temperature control should avoid rapid fan cycling and should distinguish command
from proven operation.

A fan opening changes the enclosure

The complete louvre, filter, fan, drain path, gasket and mounting arrangement must
support the required installed protection. An empty-cabinet rating or a fan’s component
rating does not establish the performance of the modified, cabled enclosure.

When is an air-to-air heat exchanger the better boundary?

An air-to-air heat exchanger is appropriate when the internal and outdoor air streams
should remain separated and the outdoor condition is cool enough to receive heat from
the cabinet with the required temperature difference. It can reject sensible heat
efficiently, but it cannot create a cabinet temperature below the outdoor heat sink by
itself.

An enclosure heat exchanger normally uses separate internal and external circulation
paths across a transfer core. The separation reduces direct contaminant exchange
compared with filtered outside-air ventilation. Its effectiveness depends on the
temperature difference, internal and external airflow, core condition, mounting,
recirculation and how well cabinet air reaches the actual heat sources.

Specify heat-exchanger performance in W/K or another clearly defined rating at stated

conditions, then translate that performance into component inlet temperatures for each
case. A large W/K number does not resolve a hot site where the outside air approaches
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or exceeds the allowed cabinet condition. Nor does it prove that air reaches equipment
whose inlet faces a cable bundle, solid shelf or short-circuited return path.

The maintenance plan must cover both air circuits. The external surface can foul even
though outdoor air never enters the cabinet, and an internal fan failure can leave the
transfer core cool while a rack hot spot rises. Useful monitoring includes internal and
external temperature, fan command and feedback, representative component inlet
temperature and a method to identify degrading heat transfer before a high-
temperature trip.

When does a cabinet air conditioner become necessary?

A cabinet air conditioner becomes necessary when the protected internal condition must
be held below what passive, ventilated or sensible heat-exchange methods can maintain
at the design ambient and solar load, or when a closed air boundary and tighter
temperature control are both required. Necessity must be demonstrated with the heat
balance and operating envelope rather than a generic climate label.

A cabinet air conditioner uses a refrigeration cycle to move heat against a less
favourable outdoor temperature difference. That capability introduces electrical input,
compressor starting and cycling, condensate management, refrigerant components,
acoustic output, service skills and a defined recovery path after a trip. The unit is part of
the site’s critical auxiliary load, not a free cabinet accessory.

Rate the air conditioner at the declared internal and external conditions, not only at the
most favourable point on a datasheet. Confirm sensible cooling capacity, electrical input,
supply and return arrangement, control range, hot-ambient derating, altitude effects
where applicable, heater or low-temperature behavior, condensate routing, enclosure
interface and maintainable clearances. Oversizing can create short cycling and control
problems; undersizing may run continuously without protecting the limiting component.

Power-source selection belongs to the complete availability design. An AC-powered unit
may be straightforward where a dependable AC bus remains available; a DC-powered
unit may align with a battery-backed telecom bus but reduces the energy reserved for
the critical load. A later dedicated comparison should close voltage range, protection,
inrush, conversion losses and backup priority. This guide only requires the cooling
source to be visible in the energy and failure models.

The outdoor cabinet condensation guide should be used when the refrigeration cycle,
night cooling or humid-air entry creates a moisture question. An air conditioner may
remove some moisture while operating, yet its cold surfaces and drain system also
create interfaces that must be designed and inspected.
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Compare the architectures by what they permit and what
they demand

The matrix below is a screening tool. It does not replace a heat balance, environmental

review or product data at the actual rating condition.

Architecture

Passive enclosure

Filtered ventilation

Closed-loop heat
exchanger

Cabinet air
conditioner

Hybrid control

Outside air enters?

No intentional
exchange

Yes

No intentional
mixing of streams

No intentional
process-air
exchange

Depends on
selected modes

Can hold below
outdoor ambient?

No

No; approaches
outdoor-air
conditions plus
system rise

No

Yes, within declared Active temperature

operating envelope

When refrigeration
is active

Primary advantage

Lowest auxiliary
demand and few
moving parts

Simple forced heat
removal when
outside air is
acceptable

Heat rejection with
separated internal
and outdoor air

control in difficult
ambient conditions

Uses lower-energy
modes when
conditions permit

Dominant
maintenance or
failure concern
Solar gain,
boundary
resistance and
hidden local hot
spots

Filter loading,
contaminants, fan
failure and water
path

Fouled core, failed
fans and
inadequate
temperature
difference

Power demand,
condensate,
compressor trip and
specialist service
Transition logic,
dampers, sensors
and combined
failure modes

ITU-T L.1325 describes outdoor-air, heat-exchange and other economical cooling

approaches for telecom facilities and stresses that solutions should be selected for local
conditions. That is the correct reading of the matrix: lower energy is valuable only when
equipment safety and lifecycle requirements remain satisfied.

How should cooling capacity and airflow be specified?

Cooling capacity and airflow should be specified at declared boundary conditions and at
the component locations being protected, with allowances for fouling, tolerances and
credible operating states. A nominal fan flow, heat-exchanger rating or air-conditioner
wattage is incomplete without the conditions and air path behind it.

Use technology-specific evidence:

e Passive cabinet: enclosure thermal characteristics, surface and solar
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assumptions, equipment losses, component placement and predicted
temperatures.

¢ Ventilated cabinet: system airflow against pressure resistance, inlet/outlet
locations, filter condition, recirculation control and temperature rise through the
equipment path.

¢ Heat exchanger: declared transfer capacity across relevant temperature
differences, fan power, internal/external air circuits, fouling state and resulting
equipment inlet temperatures.

e Air conditioner: sensible capacity and electrical demand at stated
indoor/outdoor conditions, supply/return temperatures, duty cycle, condensate
path and high/low ambient operating limits.

Air should follow the equipment, not merely fill the enclosure. Map every device inlet
and exhaust direction. Reserve side clearances for side-to-side equipment, keep cable
bundles away from intake faces, separate supply from return, block obvious bypass
routes and prevent one device’s exhaust from feeding another’s inlet. Door-mounted
thermal units need flexible cables, hinge clearance and a return path that still works
with the installed rack population.

Sensor placement follows the same map. A controller sensor near a cold supply can
report a safe condition while the upper rear of a rack overheats. Use project-defined
representative points near predicted limiting inlets, batteries or heat sources; record
accuracy, calibration, polling and alarm delay. Where the control unit has its own return
sensor, confirm that this reading represents the equipment condition closely enough for
the control objective.

What should happen when thermal control fails?

When thermal control fails, the cabinet should detect the specific loss, preserve the
critical telecom service for the defined interval, escalate with trustworthy measurements
and move loads or sources through an approved derating or shutdown sequence before
equipment limits are exceeded. A generic high-temperature alarm alone is too late and
too ambiguous.

A complete thermal management system links command, feedback, environmental
measurements and site power state. The cause-and-effect matrix should address at least
these events:

Event Early evidence Controlled response to define

Ventilation fan stopped Command without Alarm, alternate fan or mode, load
speed/current/airflow feedback; derating and dispatch time
rising inlet temperature

Filter or exchanger fouling Reduced airflow or transfer, Maintenance warning before a
pressure indication where used, thermal trip and a safe
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Event Early evidence Controlled response to define
increasing temperature difference replacement method
Air-conditioner compressor trip Cooling demand with no capacity Restart limit, alternate mode,
response, trip code and critical-load priority and controlled
supply/return trend shutdown boundary
Temperature sensor fault Implausible, frozen, missing or Conservative fallback, redundant
disagreeing measurements measurement if required and
alarm-quality flag
Cooling power unavailable Source/breaker state, bus voltage Which backup source feeds
and cooling command cooling, for how long, and which
noncritical loads are shed first
Door open during service Door contact, changed airflow and Temporary control mode,
outdoor condition technician warning and

restoration check after closure

The response time comes from thermal inertia and equipment limits, not an arbitrary
alarm delay. A cabinet may tolerate a brief fan interruption but not a long compressor
outage at peak ambient. Conversely, repeated automatic restarts can stress equipment
or hide an unresolved electrical fault. State the restart count, local/remote authority,
latching behavior and evidence required before return to normal.

Close the cooling decision with configuration-specific
evidence

Acceptance should prove the populated cabinet under the agreed cases. A thermal-unit
nameplate, empty-enclosure report or photograph of a similar project cannot
demonstrate the temperature at the limiting component in the offered configuration.

The review pack should connect six records:

1. Environmental basis: design hot/cold conditions, solar exposure,
contaminants, humidity, altitude and installation geometry.

2. Heat-load schedule: equipment population and losses for normal, peak,
recharge, growth and agreed degraded states.

3. Thermal architecture: cabinet walls/openings, air circuits, cooling/heating
devices, power sources, control setpoints and condensate route.

4. Airflow and sensor drawing: equipment inlets/exhausts, barriers, filters,
supply/return paths, measurement points and service obstructions.

5. Cause-and-effect matrix: fan, filter, exchanger, compressor, sensor, door,
communication and power failures with alarms and safe responses.

6. FAT/SAT procedure: defined loads and boundaries, stabilized measurements,
failure simulations, pass criteria, instruments and retained data.

During factory acceptance, use the intended equipment arrangement or a justified
thermal load representation, verify fan direction and controls, inspect seals and drains,
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exercise alarms and record temperatures after reaching the agreed steady or time-
limited condition. Site acceptance adds actual cable entries, foundation and clearances,
installed solar exposure, field power, remote alarms and operating-mode transitions. Any
change to equipment population, filters, firmware, setpoints or cooling hardware should
trigger a controlled review of the affected evidence.

Engineering boundary

This guide does not prescribe one cooling technology, capacity, airflow, cabinet
temperature, ingress rating, alarm threshold or maintenance interval. Final selection
requires approved equipment limits and losses, battery data where applicable, site
environmental inputs, destination requirements, the offered cabinet construction and
configuration-specific verification.

Turn site conditions into a cabinet cooling specification

Provide the cabinet equipment list and losses, allowable inlet temperatures, battery
operating states, site climate and solar exposure, air-quality boundary, AC/DC source
availability, required backup behavior, mounting geometry and maintenance constraints.
Huijue can develop a project-specific heat balance, thermal architecture, airflow
drawing, control sequence and acceptance scope.

Send cabinet and site thermal inputs

Related cabinet engineering guides

Outdoor Telecom Cabinet Selection
Single-Wall vs Double-Wall Cabinets
Outdoor Cabinet Condensation Prevention
Battery Cabinet Cooling and Ventilation

Contact Us

For catalog requests, pricing, or partnerships, please visit:
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https://www.thesolartelecom.com
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SELECT THE RIGHT THERMAL PATH ‘

Telecom Cabinet Cooling Systems: Fans, Heat Exchangers and Air Conditioners
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