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Technical Guides 
Environmental Test Chambers & Associated Systems 

ENGINEERING REFERENCE 

Comprehensive engineering specifications, calibration metrics, and mechanical system layout instructions for environmental 
test chambers, refrigeration systems, humidity systems, airflow circuits, controls, utilities and connected service 
infrastructure. 

 
Designed for service engineers, maintenance teams, facility engineers, calibration personnel and equipment owners. 

Scope 

• Temperature and humidity chamber engineering fundamentals 

• Refrigeration and air-circulation system architecture 

• Electrical, control and sensor reference points 

• Calibration methodology and performance metrics 

• Mechanical installation and utility-layout guidance 

• Commissioning, diagnostics and documentation requirements 

IMPORTANT 

Values in this guide are practical engineering reference ranges, not substitutes for the chamber manufacturer’s approved 
drawings, component data, safety instructions or the applicable test standard. Final settings and acceptance criteria must be 
verified against the specific equipment and application. 
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1. Chamber System Architecture 
An environmental test chamber is a controlled thermal system in which refrigeration, heating, humidity, airflow, 
sensing and control must operate as one integrated loop. Reliable performance depends as much on mechanical 
layout and airflow integrity as on individual component capacity. 

1.1 Functional system blocks 

System Primary Function Typical Elements 

Test space Controlled environment around DUT Insulated enclosure, door, viewing window, ports, racks 

Air circulation Uniformly distributes conditioned air Blower, motor, wheel, baffles, supply/return path 

Heating Raises chamber temperature Electric heaters, SSR/contactor, over-temperature protection 

Refrigeration Removes sensible/latent heat Compressor, condenser, expansion device, evaporator, controls 

Humidity Adds/removes moisture Steam/water source, dehumidification coil, drain, humidity sensor 

Controls Regulates setpoint and sequences 
equipment PLC/controller, HMI, I/O, relays, safety interlocks 

Measurement Provides control and verification data RTD/thermocouple, RH sensor, pressure transducers 

Utilities Supports continuous operation Power, cooling water/air, DI water, drain, network 

 

1.2 Airflow principle 

• Maintain a clear supply-to-return path. Avoid placing the test specimen directly against supply or return openings. 

• Do not overload shelves or block perforations; restricted airflow increases gradients and recovery time. 

• Sensor placement should represent the controlled air condition, not direct heater, evaporator or specimen 
radiation. 

• After any blower, baffle or duct modification, re-check spatial uniformity before returning the chamber to validated 
service. 

FIELD RULE 

A chamber that reaches setpoint can still be out of specification. Always distinguish controller indication from actual spatial 
uniformity, fluctuation and recovery performance. 
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2. Engineering Specification Reference 
Use this section to define the technical baseline for an installed chamber. Record the actual OEM values where 
available; use “N/A” rather than assumptions. 

Parameter Engineering Reference Record / Verify 

Temperature range Application-specific; verify rated minimum and maximum _____ °C to _____ °C 

Humidity range Defined only within manufacturer temperature/RH envelope _____ %RH to _____ %RH 

Temperature fluctuation Short-term variation at a stable point _____ °C 

Temperature uniformity Spatial difference across defined measurement points _____ °C 

Ramp rate Heating/cooling rate under defined load and range _____ °C/min 

Recovery time Time to return within tolerance after disturbance _____ min 

Workspace volume Usable internal test volume _____ L / m³ 

Electrical supply Voltage, phase, frequency, connected load ________________ 

Cooling method Air-cooled / water-cooled / remote condenser ________________ 

Refrigerant circuit Single-stage / cascade / other ________________ 

Controller Make, model, firmware/version ________________ 

Communications Ethernet / RS-485 / protocol / remote monitoring ________________ 

 

2.1 Performance terminology 

Metric What it tells you 

Fluctuation / stability How much temperature or humidity varies with time at a fixed point after stabilization. 

Uniformity / gradient How evenly the environment is distributed across the usable workspace. 

Deviation / error Difference between chamber indication and a traceable reference measurement. 

Ramp rate Rate of temperature change; specify whether average, linear-zone, loaded or unloaded. 

Recovery Ability to return to tolerance after door opening, load insertion or programmed transition. 
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3. Calibration & Measurement Guide 
Calibration should establish traceability and quantify measurement performance under defined conditions. The 
procedure, sensor count, locations, dwell time and acceptance limits must match the applicable standard, customer 
requirement and chamber use case. 

3.1 Temperature mapping 

• Use calibrated reference sensors with uncertainty appropriate to the required chamber tolerance. 

• For spatial mapping, distribute sensors through the defined working volume; a common engineering approach uses 
corners plus a centre point, with additional points for large chambers. 

• Keep sensors away from walls, direct supply jets, heaters and evaporator surfaces unless the procedure 
specifically requires those locations. 

• Allow stabilization before collecting data. Record sufficient samples to characterize both mean value and short-
term variation. 

Metric Calculation / Interpretation Report 

Indication error Chamber display minus reference value at control location Error at each setpoint 

Spatial uniformity Difference between highest and lowest mapped location values over 
defined period Worst-case spread 

Temporal fluctuation Variation at an individual sensor after stabilization Peak-to-peak or defined method 

Measurement uncertainty Combined uncertainty of reference system and method Expanded uncertainty + 
coverage factor 

Correction Applied or documented offset where permitted Before/after values 

 

3.2 Humidity calibration 

• Verify humidity only inside the chamber’s specified controllable temperature/RH envelope. 

• Use a traceable reference hygrometer or dew-point instrument suitable for the range. 

• Allow longer stabilization at low humidity and after large humidity transitions. 

• Inspect water quality, steam generation, drains and wet surfaces before attributing RH error solely to the sensor. 

CALIBRATION RECORD 

Record setpoint, chamber indication, reference value, correction/error, stability period, sensor serial number, calibration due 
date, uncertainty, ambient conditions and pass/fail criteria. 
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4. Refrigeration System Guide 
The refrigeration circuit determines low-temperature capability, pull-down performance and heat-removal capacity. 
Service decisions should be based on measured pressures, temperatures and component condition rather than 
pressure alone. 

4.1 Typical single-stage flow 

COMPRESSOR  →  CONDENSER  →  RECEIVER / FILTER-DRIER  →  EXPANSION DEVICE  →  EVAPORATOR  →  
SUCTION 

4.2 Cascade system concept 

Low-temperature chambers may use two refrigeration stages coupled through a cascade heat exchanger. The high 
stage rejects heat from the low stage; stable operation therefore depends on correct sequencing and adequate high-
stage heat rejection before the low stage is heavily loaded. 

Check Engineering Observation 

Compressor Current, oil condition/level where visible, discharge temperature, noise/vibration 

Condenser Cleanliness, fan/pump operation, entering/leaving air or water condition 

Expansion device Stable feed, superheat response, icing pattern, sensing bulb/contact where applicable 

Evaporator Even frost/temperature pattern, airflow, defrost effectiveness, drain condition 

Filter-drier / sight glass Restriction indicators, moisture indication where fitted, abnormal temperature drop 

Piping Oil return, insulation, vibration support, abrasion, leaks, service-valve condition 

 

4.3 Diagnostic measurements 

• Suction and discharge pressure 

• Suction-line temperature and calculated superheat 

• Liquid-line temperature and calculated subcooling where applicable 

• Compressor current versus nameplate/expected operating condition 

• Condenser entering/leaving temperature 

• Evaporator air-on/air-off temperature 

• Cascade interstage temperature/pressure for cascade systems 

SAFETY 

Refrigerant handling, electrical testing and pressure-system work must be performed by qualified personnel using the correct 
PPE, recovery equipment and procedures for the refrigerant and system design. 
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5. Humidity, Airflow & Water Systems 

5.1 Humidity generation and removal 

Humidity control is a balance between moisture addition, cooling/dehumidification, chamber leakage and test-load 
moisture effects. Poor water quality or drainage can create scale, contamination, unstable RH and sensor drift. 

Area Technical Requirement 

Water supply Use quality specified by OEM; DI/demineralized water is commonly required for steam/humidity 
systems. 

Steam generator Inspect heater surface, level control, scale and electrical connections. 

Drain Maintain free drainage, trap arrangement and temperature-compatible piping. 

Dehumidification Verify refrigeration/dehumidification coil operation and condensate removal. 

RH sensor Keep clean, protected from direct spray/condensation and within rated temperature range. 

 

5.2 Air-circulation mechanical layout 

• Blower wheel rotation must match design direction. 

• Motor current and bearing condition should be checked after mechanical work. 

• Baffles and plenums must be refitted in their original orientation and sealed where required. 

• Maintain clearance around return air and supply air paths. 

• Large test specimens may require a defined minimum clearance on all sides to prevent recirculation pockets. 

5.3 Typical airflow verification 

Observation Possible Cause 

Large top-to-bottom gradient Blocked return, weak circulation, specimen obstruction, baffle issue 

Slow recovery Insufficient airflow, refrigeration/heating capacity issue, excessive load 

Local hot/cold zone Direct jet, poor baffle distribution, sensor placement, specimen heat load 

RH instability Air leakage, water/steam issue, refrigeration cycling, sensor contamination 
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6. Electrical, Controls & Safety Systems 

6.1 Electrical inspection reference 

Item Verify 

Incoming power Voltage, phase balance, frequency, protective earth, breaker rating 

Panel Cleanliness, cooling fans/filters, terminal condition, signs of overheating 

Heater circuit Contactor/SSR operation, current balance, insulation condition, over-temp cutout 

Motors Current, overload setting, rotation, VFD status where fitted 

Safety chain Emergency stop, door interlock, pressure switches, thermal protection, alarms 

Control power Power supply output, PLC/controller status, I/O indication, relay operation 

Communications Ethernet/serial link, remote alarms, time synchronization, data logging 

 

6.2 Sensor and control loop checks 

• Compare controller process value with an independent calibrated reference. 

• Inspect sensor wiring, terminals, shielding and routing near high-current conductors. 

• Confirm configured sensor type and scaling after controller, PLC or transmitter replacement. 

• Record controller offsets before changing them; calibration correction should be traceable. 

• Verify independent safety cut-outs separately from the normal control loop. 

DO NOT BYPASS SAFETIES 

Pressure switches, thermal cut-outs, overloads, emergency stops and interlocks are protective devices. Temporary bypasses 
should not be used to return equipment to normal service. 
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7. Mechanical Layout & Installation Instructions 
A good installation provides service access, stable utilities, drainage, ventilation and a clear path for future 
component replacement. Layout should be reviewed before chamber placement, not after commissioning. 

7.1 Site-layout checklist 

Layout Item Design / Verification Requirement 

Equipment clearance Provide OEM-required service and ventilation clearance around chamber and condensing units. 

Floor / foundation Level, load-bearing surface; verify anchoring or anti-vibration provisions where required. 

Door access Allow full door swing and safe movement of test specimens. 

Remote refrigeration Route piping to control pressure drop, oil return, vibration and thermal expansion. 

Cooling water Provide isolation, strainer, flow/pressure suitability and accessible connections. 

Drain Continuous fall where gravity drained; avoid back-pressure and unintended traps. 

Humidity water Dedicated clean supply with accessible isolation and filtration/treatment as specified. 

Electrical Accessible isolator, correct cable sizing/protection, earthing and phase sequence. 

Exhaust / heat rejection Prevent recirculation of condenser discharge air and excessive plant-room temperature. 

Network / IoT Provide reliable Ethernet/Wi-Fi/cellular path as applicable and agreed IT access. 

 

7.2 Serviceability rules 

• Keep compressors, valves, filters, electrical panels and sensors accessible without dismantling unrelated building 
work. 

• Use pipe supports that prevent vibration transfer and rubbing. 

• Insulate cold suction lines and other surfaces where condensation is expected. 

• Label isolation points, flow direction, circuits and remote equipment. 

• Leave space for future compressor, motor, heater and controller replacement. 
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8. Commissioning & Acceptance 

8.1 Pre-start verification 

• Confirm chamber is level, secure and free of transport restraints. 

• Verify electrical supply, earthing, phase sequence and protective devices. 

• Verify condenser airflow or cooling-water flow. 

• Check refrigeration piping and joints for signs of leakage or damage. 

• Confirm humidity water and drain arrangements. 

• Inspect blower rotation, baffles, ports, door seals and safety devices. 

• Confirm controller configuration, sensor inputs and programmed limits. 

8.2 Functional acceptance sequence 

Stage Test Record 

1 Power-up and safety-chain verification Alarms / interlocks / E-stop 

2 Ambient-temperature circulation check Blower current, noise, airflow 

3 Heating test Ramp, heater current, over-temp function 

4 Cooling test Pull-down, pressures/temperatures, compressor current 

5 Humidity test where applicable RH generation, dehumidification, drain 

6 Stability test Temperature/RH fluctuation after stabilization 

7 Spatial mapping if required Uniformity across defined workspace 

8 Communications / logging Data capture, alarms, remote connection 

9 Documentation handover Drawings, manuals, calibration, service baseline 

 

8.3 Baseline data to preserve 

• No-load pull-down and heat-up curves 

• Normal compressor current and key operating pressures/temperatures 

• Temperature and RH calibration results 

• Controller configuration and firmware version 

• PLC/HMI backup where permitted 

• Electrical and refrigeration drawings 

• Installed component make/model/serial numbers 

• Photographs of panel, piping and sensor locations 
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9. Diagnostic Guide 

Symptom Check First Then Investigate 

Does not cool Setpoint, alarms, compressor enable, 
condenser condition 

Refrigeration pressures/temps, expansion device, 
charge/restriction 

Slow pull-down Load, airflow, condenser, door seal Capacity, evaporator feed, compressor condition, 
insulation 

Temperature unstable Airflow, sensor, control output PID/control settings, SSR/contactor, refrigeration cycling 

High temperature gradient Specimen blockage, blower, baffles Air distribution, sensor locations, heat load 

Humidity low Water supply, generator, leaks Heater/level control, sensor, 
refrigeration/dehumidification 

Humidity high Drain, dehumidification, sensor wetting Cooling coil, control logic, leakage/condensation 

High discharge pressure Condenser cleanliness/airflow/water flow Overcharge, non-condensables, ambient/load 

Compressor trips Supply, overload, condenser Pressures, current, winding condition, oil/refrigerant 
return 

Repeated sensor error Connections, configured sensor type Cable shielding, transmitter, controller input 

 

DIAGNOSTIC PRINCIPLE 

Capture the condition before changing it: setpoint, process value, alarm history, currents, pressures, temperatures and recent 
service events. A good service record turns repeat faults into diagnosable patterns. 
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10. Technical Service Record 
Use this page as a minimum technical record for preventive maintenance, troubleshooting, calibration or retrofit work. 

Equipment Detail Record 

Customer / site  

Equipment / asset ID  

Manufacturer / model  

Serial number  

Temperature range  

Humidity range  

Controller / firmware  

Refrigeration type / refrigerant  

Date / engineer  

 

Measured operating data 

Parameter Before Service After Service 

Chamber temperature _____ °C _____ °C 

Chamber RH _____ %RH _____ %RH 

Suction pressure _____ _____ 

Discharge pressure _____ _____ 

Suction line temperature _____ °C _____ °C 

Liquid line temperature _____ °C _____ °C 

Compressor current _____ A _____ A 

Blower current _____ A _____ A 

Supply voltage _____ V _____ V 

 

Findings & recommendations 

Condition / fault observed 
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________________________________________________________________________________ 
________________________________________________________________________________ 

Corrective work completed 

________________________________________________________________________________ 
________________________________________________________________________________ 

Parts replaced 

________________________________________________________________________________ 
________________________________________________________________________________ 

Further action / quotation required 

________________________________________________________________________________ 
________________________________________________________________________________ 
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11. Levito Technical Support Framework 
Technical guides are most useful when they form part of a complete equipment lifecycle record. Levito can use the 
same engineering baseline across service, preventive maintenance, calibration, modernisation and connected 
monitoring so that every intervention builds on the equipment’s previous history. 

Lifecycle Layer Technical Output 

Levito Service Fault diagnosis, repair data, parts history, commissioning records 

Levito Care PM schedules, calibration status, compliance records, SLA history 

Levito Modernise Obsolescence review, controls/electrical/refrigeration upgrades, refurbishment 

Levito Connect Live parameters, alarms, uptime, trends, remote diagnostics and maintenance alerts 

 

ONE ASSET. ONE TECHNICAL HISTORY. 

Maintain a digital record for each chamber: specifications, drawings, calibration certificates, service history, replaced parts, 
operating trends, alarms and recommendations. This creates the foundation for condition-based and predictive maintenance. 

 
For chamber-specific engineering support, calibration planning, retrofit assessment or connected monitoring, contact 
Levito through levito.in. 


