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Introduction

The cooling system is the thermal guardian of every diesel and gas generator engine. It maintains operating
temperatures within the narrow range where combustion efficiency, lubrication, and material integrity all balance
optimally. Without effective cooling, engines overheat rapidly, leading to warped cylinder heads, failed head
gaskets, seized pistons, and ultimately catastrophic engine failure. Despite its critical importance, the cooling
system is one of the most frequently neglected maintenance areas in generator service — until a cooling failure
brings operations to a halt. The cooling system maintenance checklist PDF presented in this article provides
comprehensive procedures for maintaining, testing, and troubleshooting generator cooling systems.

Understanding cooling system maintenance requires familiarity with the closed-loop liquid cooling principle used in
virtually all diesel generators above 15 kW. The system circulates coolant through passages in the engine block
and cylinder head, absorbing combustion heat. The coolant then flows through a radiator or heat exchanger where
forced air removes the heat before the coolant returns to the engine. This cycle repeats continuously during
operation, maintaining temperatures typically between 80°C and 105°C.

Cooling system failures can occur rapidly from acute causes (water pump failure, hose rupture, thermostat stuck
closed) or gradually from chronic degradation (coolant breakdown, scale buildup, corrosion). Effective
maintenance addresses both types of failure mechanisms through regular inspection, scheduled coolant
replacement, and condition monitoring. This checklist covers cooling system maintenance for Cummins, Perkins,
Volvo, MTU, Weichai, Yuchai, Deutz, and Kubota powered generators from 20 kW to 2000 kW.

Cooling System Fundamentals

How Liquid Cooling Works in Generators

The generator cooling system operates as a pressurized, closed-loop liquid cooling circuit:

1. Engine heat generation: Diesel combustion produces temperatures exceeding 2000°C in the combustion
chamber. Only a fraction of this heat converts to useful work; the rest must be rejected.

2. Heat transfer: Coolant flowing through the engine block and cylinder head absorbs heat from cylinder walls,
head gaskets, and oil coolers. The coolant temperature rises from approximately 80°C at the inlet to 90-105°C at
the outlet.

3. Heat rejection: Hot coolant flows to the radiator where forced airflow from the engine-driven fan removes heat.
On larger generators, a separate heat exchanger uses a secondary coolant circuit isolated from the raw water
cooling system.

4. Thermostatic control: The thermostat regulates coolant temperature by restricting flow to the radiator when the
engine is cold, allowing rapid warm-up. As temperature rises, the thermostat progressively opens to increase
cooling capacity.

5. Pressurization: The cooling system operates under pressure (typically 100-150 kPa), which raises the boiling
point of coolant to approximately 110-120°C, significantly increasing heat rejection capacity.

Coolant Chemistry Basics
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| Coolant Type | Base | Lifespan | Freeze Protection | Operating Temp |

I |- I | |

| Conventional (IAT) | Ethylene glycol | 2 years / 2000 hrs | -37°C (50/50) | Up to 108°C |

| Extended-life (OAT) | Ethylene glycol | 5 years / 5000 hrs | -37°C (50/50) | Up to 108°C |
| Extended-life (HOAT) | Hybrid organic | 5 years / 5000 hrs | -37°C (50/50) | Up to 108°C |
| Propylene glycol | Propylene glycol | 2 years / 2000 hrs | -32°C (50/50) | Up to 104°C |

All modern coolant formulations use organic acid inhibitors (OAT) that form a protective layer on metal surfaces,
preventing corrosion. Never mix conventional IAT coolants with OAT coolants — incompatible inhibitor packages
can neutralize each other, reducing protection.

Cooling System Inspection Procedures

Section 1: Daily and Weekly Cooling System Checks

Step 1.1: Daily Visual Inspection

| Component | Inspection Item | Criteria | Result | Action |

| Overflow tank | Coolant level | Above MIN mark | | |

| Overflow tank | Coolant color | Bright, not rusty | | |

| Overflow tank | Condition | No cracks or leaks | | |

| Visible hoses | No leaks or drips | Secure connections | | |
| Radiator (if visible) | No obvious damage | Fins intact | | |

| Engine temperature | Normal range | Gauge/meter reading | | |
Step 1.2: Weekly Coolant Quality Check

| Test | Method | Specification | Result | Action |

| Visual color | Direct observation | Bright, not murky/rusty | | |

| Clarity | Transparency | Clear, no suspended particles | | |

| Odor | Smell test | No burnt or chemical odor | | |

| Freeze point | Refractometer | -30°C to -40°C (50/50) | °C | Adjust |
| pH level | Test strips | 8.5 - 10.5 | | Replace |

Section 2: Monthly Cooling System Inspection

Step 2.1: Radiator and Heat Exchanger Inspection

The radiator is the primary heat rejection component. Its efficiency directly determines the generator's ability to
maintain safe operating temperatures:
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| Component | Inspection Item | Criteria | Result | Action |

I I I I I I
| Radiator core | Fins straight | Less than 20% bent | | Straighten |

| Radiator core | Internal blockage | No restricted flow | | Backflush |

| Radiator core | External debris | No insects, leaves, dust | | Clean |

| Radiator core | No punctures | No visible damage | | Repair |

| Radiator tanks | No leaks | No seepage at seams | | Repair |

| Radiator cap | Seal integrity | No cracks or deformation | | Replace |

| Radiator cap | Spring tension | Holds rated pressure | | Replace |

| Radiator cap | Pressure rating | Matches spec (typically 100-150 kPa) | kPa | Replace |
| Shroud | Condition | No cracks, complete coverage | | Repair |

| Fan blades | No cracks or chips | Secure on hub | | Replace |

| Fan belts | Tension and condition | 10-15mm deflection | | Adjust/Replace |

| Fan clutch | Operation (if equipped) | Engages at proper temp | | Replace |
Step 2.2: Hose and Clamp Inspection

Coolant hoses are the most commonly failed cooling system component. Hose failure typically occurs without
warning, leading to rapid coolant loss and engine overheating:

| Hose Location | Condition | Clamp Condition | Result | Action |

| Upper radiator hose | Firm, no soft spots | Tight, no corrosion | | |

| Lower radiator hose | Firm, no soft spots | Tight, no corrosion | | |
| Heater hoses | Firm, no cracks | Tight, no corrosion | | |

| Engine block bypass hose | Firm, no cracks | Tight | | |

| Coolant heater hoses | Firm, no cracks | Tight | | |

| Overflow tank hose | Crack-free, secure | Tight | | |

| Turbo coolant lines (if applicable) | Secure, no leaks | Tight | | |
Hose Condition Assessment:

» Good: Firm but flexible, original color, no visible cracking
» Warning: Soft spots, slight discoloration, minor surface cracks

* Replace: Hard and stiff, deep cracks, bulging, seepage at ends, age over 3 years

Section 3: Quarterly Cooling System Service

Step 3.1: Coolant System Pressure Test
A pressure test identifies leaks that may not be visible during normal inspection:

1. Allow the engine to cool completely (minimum 4 hours)

2. Remove the radiator cap and install a cooling system pressure tester
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3. Apply pressure equal to the radiator cap rating (typically 100-150 kPa)
4. Observe the pressure gauge for 15 minutes

5. A pressure drop indicates a leak somewhere in the system

| Test | Specification | Measured | Result | Action |

|- I I | |
| System pressure test | Holds 100-150 kPa for 15 min | kPa | Pass / Fail | |

| Radiator cap pressure | Matches rated pressure +10% | kPa | Pass / Fail | |

| Leak-down check | No pressure drop | Pass / Fail | | Investigate |
Step 3.2: Coolant Heater Inspection

The engine block coolant heater maintains engine temperature when the generator is on standby, ensuring
reliable starting and reducing engine wear:

| Component | Test | Specification | Result | Action |

| Heating element | Power draw | Matches nameplate £10% | W | Replace |

| Heating element | Resistance | Calculated from V2/W | ohms | Replace |
| Thermostat | Opening temperature | Per specification | °C | Replace |

| Circulation pump | Operation | Audible, functional | | Replace |

| Wiring | Insulation | No cracks or damage | | Repair |

| Output temperature | After 30 min | Above 40°C | °C | Repair |

Section 4: Semi-Annual Cooling System Flush

Step 4.1: Coolant System Drain and Flush
At 500 hours or semi-annually (whichever comes first), perform a complete cooling system flush:

Items Needed:

 Approved cooling system flush solution

« Distilled water for rinsing

* New coolant (pre-mixed or concentrate plus distilled water)
« Drain pan (minimum 20 liters capacity)

* Basic hand tools

* New radiator cap

* New thermostat (recommended)
Flush Procedure:

1. Allow engine to cool completely
2. Place drain pan under the engine block drain (typically on the side of the block)

3. Open the block drain valve or remove the drain plug

www.huaquanpower.com | huaguan@huaquanpower.com Page 5




HUAQUAN POWER Generator Resource Center

4. Open the radiator petcock or disconnect the lower radiator hose

5. Drain all coolant from the engine block, radiator, and heater circuits

6. Close all drain valves

7. Fill the system with cooling system flush solution mixed per manufacturer instructions
8. Run the engine until it reaches operating temperature (thermostat open)

9. Allow the engine to cool until safe to handle

10. Drain the flush solution completely

11. Fill with clean distilled water

12. Run engine to operating temperature again

13. Cool and drain again

14. Repeat water flush until discharge is clear

15. Inspect the drained water — any rust or sediment indicates need for further flushing

16. Proceed with reassembly and refill
Step 4.2: Thermostat Inspection and Replacement

The thermostat is a critical component that often goes unchecked until it fails. Replace the thermostat at major
service intervals:

| Test | Method | Expected Result | Result | Action |
|------] I I | |

| Opening temperature | Immerse in water, heat gradually | Opens at rated temp | °C | |

| Full opening | Continue heating | Fully open by rated +10°C | | |
| Closing temperature | Cool gradually | Fully closes | | |
| Spring condition | Visual inspection | No corrosion or damage | | |

| Seal/gasket | Condition | No deterioration | | Replace |
Thermostat Replacement Procedure:

. Drain coolant below the thermostat level or drain entire system

. Remove the thermostat housing bolts

. Note the thermostat orientation (there is typically a vent hole that must face upward)
. Clean the housing and mating surfaces

. Install new thermostat with new gasket, orienting correctly

. Torque housing bolts to specification (typically 15-25 Nm)

N o 0o~ WN P

. Refill coolant and bleed air from the system

Section 5: Water Pump and Related Components

Step 5.1: Water Pump Inspection
The water pump is the heart of the cooling system circulation. Its failure causes rapid overheating:

| Inspection Item | Criteria | Method | Result | Action |
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| Weep hole | No continuous coolant discharge | Visual inspection | | Replace pump |
| Shaft play | Less than 0.05mm | Feeler gauge | | Replace pump |

| Shaft roughness | Smooth rotation | Hand rotation | | Replace pump |

| Pulley alignment | In line with other pulleys | Visual check | | Adjust |

| Pulley condition | No cracks or wear | Visual inspection | | Replace |

| Belt contact | Centered on pulley | Visual inspection | | Adjust |

| Mounting | Secure, no looseness | Torque check | | Retorque |

Water Pump Weep Hole Significance:

The water pump weep hole allows coolant to escape if the shaft seal fails. A small amount of moisture at the weep
hole after operation is a warning sign — continuous weeping indicates imminent failure. Always replace water
pump when weep hole discharge is observed.

Step 5.2: Coolant Pump Belt Service

| Check | Specification | Method | Result | Action |
I I I I I I

| Belt tension | 10-15mm deflection | Thumb pressure | mm | Adjust |

| Belt condition | No cracks, glazing, or fraying | Visual inspection | | Replace |
| Belt alignment | Straight on pulley | Visual inspection | | Adjust |
| Tensioner | Proper tension, no play | Feel for play | | Replace |

| Idler pulley | Smooth rotation, no play | Hand rotation | | Replace |

Section 6: Heat Exchanger Service (Larger Generators)

Step 6.1: Shell-and-Tube Heat Exchanger Inspection
For generators using shell-and-tube heat exchangers instead of radiators:

| Component | Inspection Item | Method | Result | Action |

| Shell exterior | No corrosion or damage | Visual | | Repair |

| Connections | No leaks at flanges | Pressure test | | Repair gaskets |
| Mounting | Secure, no vibration | Visual | | Retorque |

| Raw water strainer | Clean, no blockage | Inspect element | | Clean |
| Raw water flow | Adequate flow rate | Flow measurement | | Adjust |

| Anode rod | Corrosion level | Inspect | | Replace |
Step 6.2: Heat Exchanger Cleaning
Heat exchangers accumulate scale and biological fouling that reduces cooling efficiency:

1. Isolate the heat exchanger from the engine coolant circuit

2. Connect flushing equipment to the raw water side

www.huaquanpower.com | huaguan@huaquanpower.com Page 7




HUAQUAN POWER Generator Resource Center

3. Flush with approved heat exchanger cleaner

4. Follow cleaner manufacturer instructions for dilution and contact time
5. Rinse thoroughly with clean water

6. Inspect the cleaner's effectiveness — repeat if necessary

7. Pressure test the heat exchanger to verify integrity after cleaning

Section 7: Cooling System Troubleshooting

Problem: Engine Overheating

| Possible Cause | Diagnosis Method | Corrective Action |

| Low coolant level | Visual inspection | Fill and check for leaks |

| Faulty thermostat | Feel upper hose when hot | Replace thermostat |

| Restricted radiator | Visual inspection | Clean or replace radiator |

| Faulty water pump | Weep hole inspection | Replace water pump |

| Loose or broken belt | Visual inspection | Replace belt |

| Faulty temperature gauge | Compare to IR reading | Replace gauge or sensor |
| Restricted coolant flow | Temperature differential | Flush cooling system |

| Excessive load | Load measurement | Reduce load |

| Blocked radiator airflow | Visual inspection | Remove obstructions |

| Faulty fan clutch | Engage/disengage test | Replace clutch |
Problem: Coolant Loss

| Possible Cause | Diagnosis Method | Corrective Action |

| External leak | Pressure test, visual | Repair leak |

| Blown head gasket | Combustion leak test, oil check | Replace head gasket |
| Cracked cylinder head | Cooling system pressure test | Replace head |

| Cracked engine block | Pressure test | Evaluate repair |

| Leaking radiator cap | Cap pressure test | Replace cap |

| Overflow tank leaks | Visual inspection | Repair or replace |
Problem: Coolant Contamination

| Contaminant | Symptom | Diagnosis | Corrective Action |

| Engine oil | Milky coolant, oil in coolant | Visual, oil test | Repair head gasket/oil cooler |

| Fuel | Fuel odor | Visual, smell | Check injectors, lines |
| Air intrusion |aerated coolant | Bubbles in overflow | Check hose connections |

| External dirt | Cloudy coolant | Visual | Flush and refill |
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Cooling System Maintenance Schedule

| Maintenance Task | Weekly | Monthly | Quarterly | Semi-Annual | Annual |

| Coolant level check | O ||| ]|
| Visual leak check [ O | |]] ]|

| Coolant quality test | | O | | | |

| Hose inspection | | O | | | |

| Radiator captest| || O] |

| Pressuretest| || O] ]|

| Coolant heatertest | | | O] | |

| Complete flush [ ||| O |

| Thermostat replace | | || O | |

| Water pump inspection ||| O || |
| Belt tension/condition | | O | | | |

| Heat exchanger service | ||| O | |
| Radiator cap replace | ||| O ||

| Full system inspection | ||| O] |

Compatible Brands Table

| Engine Brand | Coolant Capacity (approx.) | Thermostat Temp | Special Notes |
I I I I I

| Cummins | 15-50 liters | 82-88°C | Use Cummins spec coolant |

| Perkins | 15-40 liters | 82-88°C | Perkins approved coolant |
| Volvo | 20-60 liters | 80-85°C | Volvo spec coolant |

| MTU | 40-120 liters | 82-90°C | MTU spec coolant |

| Weichai | 15-40 liters | 82-88°C | Standard diesel coolant |

| Yuchai | 15-35 liters | 82-88°C | Standard diesel coolant |

| Deutz | 15-50 liters | 80-90°C | Deutz approved coolant |

| Kubota | 5-15 liters | 82-88°C | Kubota spec coolant |

Technical Specifications

| Parameter | Specification |

I I I
| Normal operating temperature | 80-105°C (176-221°F) |

| Maximum continuous temperature | 105°C (221°F) |

| Thermostat opening temperature | 82-88°C (varies by model) |
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| System operating pressure | 100-150 kPa (14-22 PSI) |
| Radiator cap pressure | 100-150 kPa (varies by model) |
| Coolant concentration | 40-60% ethylene glycol |

| Minimum freeze protection | -37°C (50/50 mixture) |

| Coolant pH range | 8.5 - 10.5 |

| Minimum coolant level | Above engine block passages |
| Coolant capacity tolerance | 5% of specified volume |

| Belt tension (deflection method) | 10-15mm under moderate thumb pressure |
| Hose clamp torque | 3-5 Nm for worm-drive clamps |

| Thermostat housing torque | 15-25 Nm |

| Water pump bolt torque | Per size, typically 20-40 Nm |
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FAQ: Frequently Asked Questions

1. How often should coolant be replaced in a diesel generator?

For conventional coolant: every 2 years or 2000 hours, whichever comes first. For extended-life coolant: every 5
years or 5000 hours, whichever comes first. However, always test coolant condition rather than relying on
intervals alone — harsh conditions or contamination may require earlier replacement.

2. Can | mix different coolant types in my generator?

Never mix conventional IAT coolant with OAT or HOAT coolants. The different inhibitor packages are chemically
incompatible and can neutralize each other's corrosion protection. If switching coolant types, completely flush the
system before filling.

3. What happens if the engine runs low on coolant?

Running with low coolant reduces heat rejection capacity, causing elevated operating temperatures. Sustained
low coolant levels lead to localized hot spots, head gasket failure, and potentially catastrophic engine damage.

www.huaquanpower.com | huaguan@huaquanpower.com Page 10




HUAQUAN POWER Generator Resource Center

Never operate an engine with below-minimum coolant.

4. Should | use water or coolant in the cooling system?

Always use a proper coolant mixture, never plain water. Coolant provides freeze protection, raises the boiling
point, contains corrosion inhibitors, and prevents biological growth. Plain water corrodes cooling system metals
and freezes in cold temperatures.

5. What is the correct coolant-to-water ratio?

A 50/50 mixture of ethylene glycol and distilled water provides optimal protection for most applications. This ratio
provides freeze protection to approximately -37°C and raises the boiling point to approximately 108°C. Do not
exceed 60% coolant concentration, as this reduces heat transfer efficiency.

6. How do | know if my thermostat is failing?

A stuck-closed thermostat causes overheating — the upper radiator hose stays cool even when the engine is hot.
A stuck-open thermostat causes slow warm-up and low operating temperatures. Both conditions reduce engine
efficiency and longevity. Test the thermostat by immersion heating or replace at major service intervals.

7. Can | use automotive coolant in my diesel generator?

Use only coolant approved by the generator or engine manufacturer. Automotive coolants may not meet the
corrosion protection requirements for diesel engine cooling systems, which operate at higher temperatures and
have different metallurgy (often including wet-sleeve liners).

8. What causes white smoke from the exhaust even after the engine is warm?

White smoke after warm-up typically indicates a head gasket leak allowing coolant into the combustion chamber.
It can also result from a cracked cylinder head or engine block. Check the coolant level and oil condition for
additional evidence. Investigate immediately to prevent engine damage.

9. How do | bleed air from the cooling system after refilling?

Air pockets in the cooling system can cause localized overheating. Bleed air by running the engine with the
radiator cap off (or expansion tank open), heater valve open, and allowing the engine to reach operating
temperature. The coolant level will drop as air escapes, so add coolant as needed.

10. What is the difference between a radiator and a heat exchanger?

A radiator uses forced air to cool the engine coolant directly. A heat exchanger uses a secondary coolant circuit
with a separate raw water (or air) coolant to remove heat. Heat exchangers are used on larger generators or in
applications where direct air cooling is impractical.

11. Why does my generator overheat during load testing but not at idle?

High electrical loads generate additional engine heat that the cooling system must reject. The cooling system may
be adequate for idle but inadequate for rated load. Causes include restricted airflow, low coolant flow, restricted
radiator core, faulty thermostat not fully opening, or fan not operating at full capacity.

12. How do | test the water pump without removing it?

Test the water pump weep hole for coolant discharge after operation. Check for shaft play by attempting to move
the pulley side-to-side while the engine is off. Listen for bearing noise during operation. If the pump has been in
service over 5 years or shows any symptoms, replacement is recommended.
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13. Can | use sealants to fix a cooling system leak?

Temporary leak sealants are available for emergency use but should never replace proper repair. Sealants can
clog cooling system passages, coat heat transfer surfaces, and cause subsequent failures. Always repair cooling
system leaks properly by replacing the leaking component.

14. How does the coolant heater affect generator reliability?

The coolant heater maintains engine temperature between 40°C and 60°C when the generator is on standby. This
ensures reliable starting, reduces engine wear from cold starts, and allows faster response to power outage
events. A failed coolant heater significantly increases cold-start failure risk.

15. What are signs that the radiator needs replacement?

Replace the radiator if you observe: internal coolant leakage (oil-like sheen or color change in coolant), restricted
flow causing overheating, physical damage to the core or tanks, corrosion that has penetrated the tubes, or
persistent unexplained coolant loss with no other source found.
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