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Generator Cooling System Installation: Complete Radiator,
Heat Exchanger, and Remote Cooling Design Manual

Introduction

The cooling system is essential for maintaining optimal operating temperature in a generator set. Without
adequate cooling, engine temperature rapidly rises, leading to overheating, reduced power output, accelerated
wear, and potential catastrophic engine damage. Cooling system design involves selecting the appropriate cooling
method (radiator-cooled, heat exchanger-cooled, or remote radiator), sizing the cooling system components
(radiator, fan, pump, piping), and ensuring adequate heat rejection to the environment.

This comprehensive guide covers cooling system installation for generator sets ranging from small residential
units (7-24 kW) to large industrial power plants (1000-2500+ kW). We address radiator sizing and selection, fan
selection (propeller, centrifugal), pump sizing (centrifugal, positive displacement), piping design (materials, sizing,
expansion), and heat exchanger selection (shell and tube, plate type). Whether you are installing a standard
radiator-cooled generator or a complex remote radiator system with cooling tower, this guide provides the
methodology, calculations, and practical examples you need.

Cooling system design is not merely selecting a radiator. It requires understanding of heat transfer (sensible heat,
latent heat), fluid mechanics (pump head, pipe friction), thermodynamics (engine heat balance, coolant
properties), and environmental factors (ambient temperature, altitude, humidity). A properly designed cooling
system maintains coolant temperature within the manufacturer's specified range (typically 180-210°F for diesel
engines), prevents overheating during periods of high ambient temperature or high load, and provides adequate
freeze protection in cold climates.

This guide is written for mechanical contractors, cooling system installers, facility managers, and engineers who
need to design or oversee generator cooling system installations. We cover engine manufacturer requirements
(Caterpillar, Cummins, Kohler, etc.), ASHRAE standards (cooling system design), and NFPA 110 (cooling system
reliability for emergency systems). By following this guide, you will ensure your generator cooling system is
adequate, reliable, and code-compliant.

---

Compatible Generator Brands and Cooling System Requirements

| Brand | Cooling Method | Radiator Size (sq ft per kW) | Fan Type | Coolant Capacity (gal per kW) | Typical
Operating Temp (°F) |

|-------|----------------|--------------------------------|----------|-------------------------------|----------------------------|

| Caterpillar (Diesel) | Radiator or Heat Exchanger | 0.5-1.0 sq ft/kW | Propeller (belt-driven) | 0.5-1.0 gal/kW |
180-210 |

| Cummins (Diesel/Gas) | Radiator or Heat Exchanger | 0.5-1.0 sq ft/kW | Propeller or Centrifugal | 0.5-1.0 gal/kW |
180-210 |

| Kohler (Diesel/Gas) | Radiator (standard) | 0.4-0.8 sq ft/kW | Propeller (direct-driven) | 0.4-0.8 gal/kW | 180-210 |

| MTU (High-Speed Diesel) | Heat Exchanger (standard) | N/A (remote radiator) | Centrifugal (radiator fan) |
0.3-0.6 gal/kW | 190-220 |

| Generac (Residential) | Radiator (integrated) | 0.3-0.6 sq ft/kW | Propeller (direct-driven) | 0.3-0.6 gal/kW |
160-200 |
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| Perkins (Industrial) | Radiator or Heat Exchanger | 0.5-1.0 sq ft/kW | Propeller or Centrifugal | 0.5-1.0 gal/kW |
180-210 |

---

Technical Specifications and Design Criteria

| Design Parameter | Residential (≤50 kW) | Commercial (50-500 kW) | Industrial (500-2500+ kW) |

|------------------|----------------------|------------------------|---------------------------|

| Heat Rejection (BTU/hr per kW) | 8,000-10,000 | 9,000-11,000 | 10,000-12,000 |

| Coolant Flow Rate (GPM per kW) | 1.5-2.5 | 2.0-3.0 | 2.5-3.5 |

| Radiator Size (sq ft per kW) | 0.3-0.6 | 0.5-1.0 | 0.8-1.5 |

| Fan Airflow (CFM per kW) | 300-500 | 400-600 | 500-700 |

| Fan Static Pressure (inches WC) | 0.5-1.0 | 1.0-2.0 | 1.5-3.0 |

| Pump Head (feet) | 20-40 | 30-50 | 40-60 |

| Piping Material | Copper, PEX | Black steel, Stainless | Black steel, Stainless |

| Piping Insulation | 1" fiberglass (optional) | 1-2" fiberglass | 2" mineral wool |

| Coolant Mixture | 50/50 Ethylene Glycol/Water | 50/50 or 60/40 Ethylene Glycol/Water | 40/60 or 50/50 Propylene
Glycol/Water (if environmental concern) |

| Freeze Protection (°F) | 32°F (no freeze protection needed) or -20°F (with 50/50 glycol) | -20°F to -40°F
(depending on climate) | -40°F to -60°F (industrial, extreme climates) |

| Expansion Tank Size | 10-15% of total system volume | 15-20% of total system volume | 20-25% of total system
volume |

| Seismic Restraints | Not required | Required (ASCE 7) | Required (ASCE 7) |

---

Step-by-Step Cooling System Installation Procedure

Phase 1: Cooling System Design and Calculations (Week 1)

Step 1: Heat Rejection Calculation

The engine rejects waste heat to the cooling system. This heat must be removed by the radiator or heat
exchanger.

1. Heat Balance for Diesel Engine:

• Fuel energy input = Generator kW (electrical) ÷ Engine efficiency

• Example: 500 kW generator, engine efficiency = 35% (typical for diesel):

• Fuel energy input = 500 ÷ 0.35 = 1,429 kW = 4,876,000 BTU/hr

• Heat to coolant ≈ 30-35% of fuel energy (typical for diesel engines)

• Heat rejection = 4,876,000 × 0.325 = 1,584,000 BTU/hr

• Heat to exhaust ≈ 25-30% of fuel energy
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• Heat to radiation/convection ≈ 5-10% of fuel energy

• Heat to useful work (electrical output) ≈ 35-40% of fuel energy

2. Cooling System Capacity Requirement:

• Cooling system must remove 1,584,000 BTU/hr (from above example)

• Radiator capacity = Heat rejection ÷ (Air temperature rise × Air specific heat × Air density)

• Example: Ambient air temperature = 100°F, desired coolant temperature = 200°F, allowable air temperature rise
= 20°F (typical design value):

• Airflow required = 1,584,000 ÷ (1.08 × 20) = 73,333 CFM (using sensible heat formula Q = 1.08 × CFM × ∆T)

• Select radiator with capacity ≥ 73,333 CFM (at 20°F rise, 100°F ambient)

Step 2: Coolant Flow Calculation

Coolant flow carries heat from the engine to the radiator. Adequate flow is critical to prevent engine hot spots.

1. Coolant Flow Formula:

• Q = (Coolant flow rate) × (Coolant specific heat) × (Coolant density) × (Coolant temperature rise)

• Rearranging: Coolant flow rate = Q ÷ (Cp × ρ × ∆T)

• Where: Q = heat rejection (BTU/hr), Cp = specific heat of coolant (BTU/lb-°F), ρ = density of coolant (lb/ft³), ∆T =
coolant temperature rise (°F)

2. Example Calculation:

• Q = 1,584,000 BTU/hr

• Cp (50/50 glycol/water) = 0.9 BTU/lb-°F

• ρ (50/50 glycol/water) = 62.4 lb/ft³ × 0.9 = 56.2 lb/ft³ (approximate)

• ∆T (coolant across engine) = 10-15°F (typical, manufacturer specified)

• Coolant flow rate = 1,584,000 ÷ (0.9 × 56.2 × 12) = 1,584,000 ÷ 606 = 2,614 lb/hr = 43.8 lb/min = 5.2 GPM (using
8.34 lb/gal for water, adjust for glycol)

• Per kW: 5.2 GPM ÷ 500 kW = 0.0104 GPM/kW (very low,

Correction: The above calculation is for the entire system. Typically, coolant flow rate is much higher (pump
circulates coolant multiple times per minute). Manufacturer specifies coolant flow rate (GPM), follow that. Rule of
thumb: 2-3 GPM per kW (for diesel generators).

Step 3: Radiator Sizing

Radiator size is determined by heat rejection and ambient conditions.

1. Radiator Capacity (BTU/hr):

• Radiator capacity = Heat rejection (BTU/hr) ÷ (1 - Fan efficiency) (fan efficiency ≈ 0.5-0.7, so radiator capacity ≈
1.4-2× heat rejection)

• Example: Heat rejection = 1,584,000 BTU/hr, select radiator with 2,000,000 BTU/hr capacity (at design ambient
temperature)

2. Radiator Size (Square Feet of Core Area):

• Radiator core area = Airflow (CFM) ÷ (Air velocity through core, FPM)

• Typical air velocity through radiator core = 500-1000 FPM

• Example: Airflow = 73,333 CFM, velocity = 750 FPM:

• Core area = 73,333 ÷ 750 = 97.8 ft²
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• Select radiator with core size approximately 10 ft × 10 ft = 100 ft² (adequate)

3. Radiator Material:

• Aluminum: Most common, lightweight, good heat transfer, adequate for most applications

• Copper/Brass: More corrosion-resistant, better for harsh environments (coastal, chemical plants), more
expensive

• Stainless Steel: Most corrosion-resistant, use for seawater cooling (heat exchanger)

Phase 2: Cooling System Component Selection (Week 2)

Step 4: Fan Selection

The fan moves air through the radiator to remove heat from the coolant.

1. Fan Type Selection:

• Propeller Fan: Most common for generator radiators, low pressure (0.5-3" WC), high airflow (good for low
resistance, clean air)

• Centrifugal Fan: Higher pressure (2-6" WC), moderate airflow (good for restricted airflow, dirty air, or where fan
must be remote from radiator)

• Vane Axial Fan: Medium pressure (1-4" WC), high airflow (good for high airflow, moderate resistance)

2. Fan Sizing:

• Airflow = Heat rejection ÷ (1.08 × ∆T) (from earlier calculation, 73,333 CFM for 500 kW)

• Static pressure = Radiator pressure drop + Louver pressure drop + Duct pressure drop (if applicable)

• Example: Radiator pressure drop = 0.5" WC, louver = 0.2" WC, duct = 0.3" WC, total = 1.0" WC

• Select fan for 73,333 CFM at 1.0" WC (use fan curve from manufacturer)

3. Fan Drive:

• Direct-Driven: Fan mounted directly on engine crankshaft or motor shaft (simple, efficient, but fan speed fixed to
engine speed)

• Belt-Driven: Fan driven by belts from engine crankshaft (allows fan speed adjustment, good for varying cooling
requirements)

• Independent Motor-Driven: Fan driven by separate electric motor (allows fan to run when engine is off, good for
cooling down after shutdown)

Step 5: Pump Selection

The pump circulates coolant through the engine and radiator.

1. Pump Type:

• Centrifugal Pump: Most common for cooling systems, good for high flow, low to medium head

• Positive Displacement Pump: Used for high head, low flow (not typical for generator cooling)

2. Pump Sizing:

• Flow rate = Coolant flow rate (from Step 2, 2-3 GPM per kW)

• Head = Pressure drop through engine + Pressure drop through radiator + Pressure drop through piping +
Elevation difference

• Example: 500 kW generator, coolant flow = 500 × 2.5 = 1,250 GPM

• Head calculation:
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• Engine pressure drop = 10 PSI (typical)

• Radiator pressure drop = 5 PSI (typical)

• Piping pressure drop = 5 PSI (estimate, use Darcy-Weisbach)

• Elevation difference = 10 feet = 4.3 PSI (10 ft × 0.433 PSI/ft)

• Total head = (10 + 5 + 5 + 4.3) × 2.31 = 24.3 × 2.31 = 56 feet (2.31 converts PSI to feet of water)

• Select centrifugal pump for 1,250 GPM at 56 feet head

3. Pump Material:

• Cast Iron: Least expensive, adequate for clean water or glycol

• Bronze: More corrosion-resistant, use for seawater or brackish water cooling

• Stainless Steel: Most corrosion-resistant, use for harsh environments

Step 6: Piping Design

Coolant piping must be adequately sized to minimize pressure drop, allow for thermal expansion, and prevent
leaks.

1. Pipe Sizing:

• Use Darcy-Weisbach equation or pipe sizing charts (based on allowable pressure drop, typically 2-4 feet of head
per 100 feet of pipe)

• Example: 1,250 GPM flow, allowable pressure drop = 4 feet per 100 feet

• Required pipe size = 8" diameter (from pipe friction charts, 8" steel pipe at 1,250 GPM has friction loss ≈ 4.4
ft/100 ft)

2. Pipe Material:

• Copper: Good for small generators (< 100 kW), easy to install, corrosion-resistant

• Black Steel: Most common for commercial/industrial, durable, economical

• Stainless Steel: Most corrosion-resistant, use for seawater or harsh environments

• PEX (Cross-linked Polyethylene): Flexible, easy to install, use for residential or where freeze protection needed
(PEX tolerates freezing better than rigid pipe)

3. Pipe Insulation:

• Insulate pipes to prevent heat loss (maintain coolant temperature) and prevent condensation (in humid
environments)

• Insulation thickness: 1" for residential, 1-2" for commercial, 2" for industrial

• Insulation material: Fiberglass (most common), mineral wool (higher temperature), elastomeric foam (flexible,
good for irregular shapes)

Phase 3: Cooling System Installation (Week 3-4)

Step 7: Radiator Installation

1. Radiator Mounting:

• Mount radiator on generator (if standard radiator-cooled) or on separate structure (if remote radiator)

• Provide adequate clearance around radiator (minimum 3 feet on air intake side, 5 feet on discharge side)

• Install vibration isolators between radiator and mounting structure (prevent vibration transmission)

2. Fan Installation:
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• Install fan blades (if separate from radiator) or verify fan is properly aligned (if direct-driven)

• Adjust fan belt tension (deflection = ½" per 12" span, typical)

• Install fan shroud (directs air through radiator core, improves cooling efficiency)

3. Radiator Plumbing:

• Connect radiator inlet and outlet to engine coolant connections (use flexible hose or pipe)

• Install shutoff valves (for maintenance, able to isolate radiator)

• Install drain valve (at lowest point, for draining coolant during maintenance)

• Install temperature sensor (at radiator outlet, monitor coolant temperature)

Step 8: Pump Installation

1. Pump Mounting:

• Install pump on concrete pad (if separate from engine) or on engine (if engine-driven pump)

• Provide clearance for maintenance (minimum 3 feet on all sides)

• Install vibration isolators (if separate pump)

2. Pump Piping:

• Install suction pipe (from expansion tank or radiator outlet to pump inlet)

• Size for velocity ≤ 5 ft/sec (prevent cavitation)

• Install eccentric reducer at pump inlet (flat on top, prevent air pocket)

• Install strainer (100 mesh) at pump inlet (prevent debris entry)

• Install discharge pipe (from pump outlet to engine inlet)

• Size for velocity ≤ 10 ft/sec

• Install check valve (prevent backflow when pump off)

• Install pressure gauge (at pump discharge, monitor pump operation)

3. Pump Alignment (if flexible coupling):

• Align pump shaft with motor shaft (tolerance ≤ 0.005" TIR)

• Use laser alignment (preferred) or straightedge (for small pumps)

Step 9: Expansion Tank Installation

The expansion tank accommodates coolant volume changes due to temperature changes and provides a location
for air separation.

1. Expansion Tank Sizing:

• Tank volume = 10-25% of total coolant system volume

• Example: Total coolant volume = 500 gallons (for 500 kW generator), expansion tank = 50-125 gallons

• Select standard tank size: 100 gallons (adequate)

2. Expansion Tank Installation:

• Install at highest point in cooling system (above engine and radiator)

• Connect to radiator outlet or pump suction (typically pump suction, maintains positive pressure at pump inlet,
prevents cavitation)

• Install air separator (if not integrated in expansion tank)

• Install pressure relief valve (set at 15 PSI, typical for diesel engines)
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• Install makeup water connection (with backflow preventer, for adding coolant)

Step 10: Coolant Filling and Bleeding

After installation, fill the system with coolant and bleed air.

1. Coolant Mixture:

• Use 50/50 ethylene glycol/water (for freeze protection to -34°F)

• Use 60/40 ethylene glycol/water (for freeze protection to -62°F, if in extremely cold climate)

• Use propylene glycol (instead of ethylene glycol) if environmental concern (propylene glycol is less toxic, -

2. Filling Procedure:

• Fill through expansion tank or radiator fill neck (with engine not running)

• Fill slowly (prevent air entrapment)

• Squeeze coolant hoses (expel air pockets)

• Continue filling until coolant level stabilizes (no more air bubbles)

3. Bleeding Procedure:

• Start engine (let idle for 5-10 minutes)

• Monitor coolant level (add coolant as needed)

• Check for air pockets (feel coolant hoses, should be hot and pressurized uniformly)

• Install radiator cap (pressure cap, 15 PSI typical)

• Verify coolant circulation (feel radiator hoses, upper hose should be hot, lower hose should be warm, indicates
thermostat open, coolant circulating)

Phase 4: Remote Radiator Installation (if applicable) (Week 5)

Step 11: Remote Radiator Design and Installation

Remote radiator systems are used when the generator cannot have a radiator mounted directly (space
constraints, noise concerns, heat rejection to indoors).

1. Remote Radiator Sizing:

• Size radiator for heat rejection (same as on-engine radiator)

• Size piping for coolant flow (2-3 GPM per kW)

• Size pump for head (pressure drop through piping + elevation difference + radiator pressure drop)

2. Piping Installation (Engine to Remote Radiator):

• Use heavy-wall reinforced hose (minimum 250 PSI rating) for flexible connections at engine and radiator

• Use rigid pipe (steel or stainless) for long runs (> 10 feet)

• Install with minimum 1:50 slope (prevent air pockets)

• Install expansion loops or flexible connectors (accommodate thermal expansion, building settlement)

• Insulate pipes (prevent heat loss,

3. Remote Radiator Location:

• Locate outdoors (preferably on roof or ground-mounted, away from building air intakes)

• Provide adequate airflow (intake and discharge not obstructed)

• Provide maintenance access (clearance for radiator cleaning, fan maintenance)
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• Provide freeze protection (heat tracing on pipes, if in cold climate, or drain system when not in use)

Step 12: Cooling Tower Integration (if applicable)

For very large generators (> 1000 kW) or where ambient temperature is high (cooling air temperature > 100°F), a
cooling tower may be used instead of a radiator.

1. Cooling Tower Sizing:

• Cooling tower capacity = Heat rejection (BTU/hr) ÷ (Entering Wet Bulb Temperature - Leaving Water
Temperature)

• Example: Heat rejection = 1,584,000 BTU/hr, entering wet bulb = 78°F, leaving water temperature = 95°F:

• Cooling tower capacity = 1,584,000 ÷ (78 - 95) = negative (

Correction: Cooling tower capacity is in tons of refrigeration (12,000 BTU/hr per ton). Correct formula:

• Cooling tower tons = Heat rejection (BTU/hr) ÷ 12,000

• Example: 1,584,000 ÷ 12,000 = 132 tons

• Select cooling tower with 132 tons capacity (at design wet bulb temperature)

2. Cooling Tower Installation:

• Install on roof or ground (outdoors, adequate airflow)

• Connect to generator cooling system via heat exchanger (generator coolant loop isolated from cooling tower
water loop)

• Install water treatment system (prevent scaling, corrosion in cooling tower)

• Install freeze protection (drain cooling tower, or heat trace, if in cold climate)

Phase 5: Commissioning and Testing (Week 6)

Step 13: Cooling System Pre-Start Checks

1. Coolant Level Check:

• Verify coolant level in expansion tank (at "FULL COLD" mark)

• Verify no leaks (visual inspection of all connections, use pressure test if suspected leak)

2. Pump Operation Check:

• Verify pump rotates freely (hand rotation, if possible)

• Verify pump motor rotation (for electrically driven pumps, jog motor, verify rotation direction matches arrow on
pump)

3. Fan Operation Check:

• Verify fan rotates freely (hand rotation)

• Verify fan motor rotation (for electrically driven fans, jog motor)

4. Thermostat Check:

• Verify thermostat operation (should be closed when engine is cold, open when engine reaches operating
temperature)

Step 14: Cooling System Functional Testing

1. Start Generator, Monitor Coolant Temperature:

• Start generator, let idle (verify coolant temperature rises gradually)
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• Verify thermostat opens (coolant temperature stabilizes at operating temperature, typically 180-210°F)

• Verify radiator fan starts (if temperature-controlled fan, should start when coolant temperature exceeds setpoint)

2. Check Coolant Circulation:

• Feel radiator hoses (upper hose hot, lower hose warm, indicates circulation)

• Verify radiator hot (indicates heat transfer from coolant to air)

3. Check for Leaks:

• Inspect all connections (look for coolant drips)

• Pressure test system (use radiator pressure tester, pump to 15 PSI, hold for 15 minutes, no drop)

4. Load Test:

• Apply load to generator (25%, 50%, 75%, 100%)

• Monitor coolant temperature (should stabilize at operating temperature, not exceed 210°F)

• If coolant temperature too high, check:

• Radiator airflow (obstructed, fan not running)

• Coolant level (low, air pocket)

• Thermostat (stuck closed)

• Pump (not circulating coolant)

Step 15: Documentation and Training

1. As-Built Drawings:

• Update drawings to reflect field changes (piping routing, component locations)

• Provide isometric drawing of cooling system (all components, elevations)

• Provide component data sheets (radiator, fan, pump, expansion tank)

2. Operation and Maintenance Manual:

• Provide cooling system O&M; manual (radiator, fan, pump)

• Provide maintenance schedule:

• Monthly: Check coolant level, inspect for leaks

• Quarterly: Test coolant concentration (refractometer, verify freeze protection adequate)

• Annually: Flush cooling system (remove scale, corrosion), replace coolant (if contaminated)

• Every 3-5 years: Overhaul pump (replace bearings, seals), clean radiator (pressure wash, remove debris from
core)

3. Training:

• Train facility staff on:

• Cooling system operation (normal temperatures, what to monitor)

• Maintenance procedures (check coolant, test concentration, flush system)

• Troubleshooting (overheating, low coolant, pump noise)

---

Download PDF Section
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The complete Generator Cooling System Installation PDF is available for free download. This comprehensive
manual includes all cooling system design calculations, radiator sizing charts, pump curves, and commissioning
checklists.

File Details:

• Format: PDF (Portable Document Format)

• Size: 21.6 MB

• Pages: 162 pages

• Language: English

• Compatibility: Windows, macOS, Linux, iOS, Android

Download Link: [Generator-Cooling-System-Installation-Guide-Complete-Manual.pdf]()

What's Included in the PDF:

1. Cooling system design flowchart

2. Heat rejection calculation spreadsheet (Excel)

3. Radiator sizing calculator

4. Pump sizing spreadsheet (head calculation)

5. Cooling system piping design guide

6. Expansion tank sizing calculator

7. Cooling system commissioning checklist

8. Maintenance log templates

9. Troubleshooting guide (overheating, low coolant, pump cavitation)

10. Freeze protection guide (glycol mixture calculator)

---

Frequently Asked Questions (FAQs)

1. What size radiator do I need for a 500 kW generator?

For a 500 kW diesel generator:

• Heat rejection ≈ 1,584,000 BTU/hr (from Step 1)

• Required airflow ≈ 73,333 CFM (at 20°F rise, 100°F ambient)

• Radiator core area ≈ 97.8 ft² (at 750 FPM air velocity)

• Select radiator with core size approximately 10 ft × 10 ft = 100 ft² (adequate)

Verify with radiator manufacturer (provide generator heat rejection, ambient temperature, altitude). They will select
appropriate radiator model.

2. Can I use water only (no glycol) in the cooling system?

Only if:
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1. Ambient temperature never drops below freezing (32°F)

2. Corrosion protection added (water corrodes engine and radiator, use corrosion inhibitor)

3. Not required by code (some jurisdictions require freeze protection, even if ambient temperature rarely freezes)

Best practice: Use 50/50 ethylene glycol/water mixture (provides freeze protection to -34°F, corrosion protection,
and raises coolant boiling point). Propylene glycol is less toxic (preferred if environmental concern).

3. What causes a generator to overheat?

Common causes:

1. Low coolant level: Leak in system, or evaporation (if water only, no glycol)

2. Thermostat stuck closed: Coolant cannot circulate to radiator

3. Radiator clogged: Debris on radiator core (dirt, leaves), or internal scaling (hard water)

4. Fan not running: Fan motor failed, or fan belt broken

5. Pump failed: Pump impeller corroded, or pump seal leaked (low coolant)

6. High ambient temperature: Cooling air temperature > 100°F (radiator cannot reject heat adequately)

7. High altitude: Air density lower (radiator fan moves less air, less cooling)

Check coolant level first (most common cause). If low, find and repair leak, refill coolant. If coolant level adequate,
check thermostat, fan, pump, radiator.

4. How do I size the expansion tank for a generator cooling system?

Expansion tank size = 10-25% of total coolant system volume.

• Example: 500 kW generator, total coolant volume = 500 gallons (engine + radiator + piping)

• Expansion tank = 50-125 gallons

• Select standard tank size: 100 gallons (adequate)

Verify with manufacturer (some provide expansion tank sizing based on system pressure, coolant mixture).

5. What is the difference between a belt-driven and direct-driven radiator fan?

Belt-Driven Fan: Fan driven by belts from engine crankshaft. Advantages: Fan speed adjustable (change pulley
ratio), fan can be located away from engine (flexible installation). Disadvantages: Belt maintenance (tension
adjustment, replacement), less efficient (belt slip).

Direct-Driven Fan: Fan mounted directly on engine crankshaft or motor shaft. Advantages: Simple, efficient (no
belt losses), less maintenance. Disadvantages: Fan speed fixed to engine speed (cannot adjust for varying
cooling requirements), fan must be close to engine (space constraint).

For most generators, direct-driven fan is adequate (engine speed controlled by governor, fan speed varies with
load). Belt-driven fan is used when cooling requirements vary significantly (e.g., tropical climates, where fan speed
must be higher at low engine speed).

6. Can I use a remote radiator with a generator?
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Yes,

1. Piping length: Keep piping length < 50 feet (each way) to minimize pressure drop and heat loss

2. Piping insulation: Insulate pipes (prevent heat loss,

3. Expansion loops: Provide expansion loops or flexible connectors (accommodate thermal expansion, building
settlement)

4. Freeze protection: If in cold climate, drain system when not in use, or use heat trace (remote radiator and piping
vulnerable to freezing)

5. Maintenance access: Provide access to remote radiator (for cleaning, fan maintenance)

Remote radiators are more expensive (additional pump, piping, installation)

7. How do I prevent cavitation in the cooling pump?

Cavitation occurs when pump inlet pressure drops below coolant vapor pressure (coolant boils, forms vapor
bubbles, which collapse violently, damaging pump impeller). Prevention:

1. Maintain positive pressure at pump inlet: Install expansion tank above pump (maintains positive head pressure)

2. Size suction pipe adequately: Velocity ≤ 5 ft/sec (prevent friction loss, pressure drop)

3. Install eccentric reducer at pump inlet: Flat on top (prevent air pocket)

4. Prime pump before starting: Fill system with coolant, bleed air (pump must not run dry)

5. Verify coolant temperature not too high: If coolant temperature near boiling (212°F at atmospheric pressure),
lower coolant temperature (check thermostat, radiator) or increase system pressure (higher pressure cap, raises
boiling point).

8. What maintenance does a generator cooling system require?

Maintenance tasks:

1. Monthly: Check coolant level (expansion tank), inspect for leaks (visual inspection)

2. Quarterly: Test coolant concentration (refractometer, verify freeze protection adequate), inspect fan belt tension
(if belt-driven)

3. Annually: Flush cooling system (remove scale, corrosion), replace coolant (if contaminated), clean radiator core
(pressure wash, remove debris)

4. Every 3-5 years: Overhaul water pump (replace bearings, seals), replace radiator hoses (rubber degrades over
time), replace thermostat (if not operating properly)

Keep maintenance log (required for warranty, code compliance).

9. Can I use seawater for cooling a generator?

Yes,

1. Use titanium or stainless steel heat exchanger: Seawater corrodes copper, aluminum (use materials compatible
with seawater)

2. Install seawater strainer: Prevent debris from entering heat exchanger

3. Install zinc anodes: Sacrificial anodes (prevent galvanic corrosion)

4. Flush with fresh water after use: Seawater leaves salt deposits (corrosive), flush with fresh water after each use
(if generator used intermittently)
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For standby generators (used infrequently), fresh water cooling is preferred (seawater cooling requires more
maintenance).

10. What is a heat exchanger, and when do I use one?

A heat exchanger transfers heat from the generator coolant loop to a separate cooling water loop (seawater,
cooling tower water). Used when:

1. Seawater cooling: Generator coolant loop isolated from seawater (prevent corrosion, fouling)

2. Cooling tower cooling: Generator coolant loop isolated from cooling tower water (prevent scaling, biological
growth)

3. Remote radiator with separate cooling loop: Generator coolant loop isolated from remote radiator loop (flexibility
in piping materials, freeze protection)

Heat exchanger type:

• Shell and Tube: Most common, robust, easy to maintain

• Plate Type: More compact, higher heat transfer efficiency,

Select heat exchanger size based on heat rejection (BTU/hr), coolant flow rates, and temperature differences.

11. How do I test the cooling system pressure cap?

The pressure cap maintains system pressure (raises coolant boiling point, prevents cavitation). Test procedure:

1. Use radiator pressure tester: Pump air into system through radiator cap (or expansion tank cap)

2. Verify cap releases at specified pressure: Typically 15 PSI (cap has spring-loaded valve, should release at 15
PSI)

3. If cap does not hold pressure: Replace cap (inexpensive, critical for proper cooling system operation)

Test cap annually (spring weakens over time, cap fails to maintain pressure).

12. What is the purpose of a coolant filter?

A coolant filter removes contaminants (rust, scale, debris) from coolant, and adds supplemental coolant additives
(SCAs) to maintain corrosion protection. Used for:

1. Large generators (> 500 kW) with high coolant volume (filter extends coolant life)

2. Dirty environments (construction sites, mines, where debris can enter cooling system)

3. Seawater cooling (filter prevents debris from clogging heat exchanger)

Install coolant filter in bypass loop (does not restrict coolant flow, filters gradually). Replace filter annually (or per
manufacturer recommendation).

13. Can I paint the radiator?

No. Paint insulates radiator core (reduces heat transfer, overheats engine). If radiator painted (e.g., during building
painting), clean paint off core (use solvent, careful not to damage fins). Radiator should be bare metal (aluminum
or copper) for maximum heat transfer.
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Exception: Radiator shroud, frame, or tank can be painted (not the core). Use high-temperature paint (rated for
200°F+).

14. What causes coolant to turn brown or black?

Coolant discoloration indicates contamination:

1. Brown coolant: Rust (iron in engine or radiator corroding), or oil (leak from engine oil cooler)

2. Black coolant: Soot (leak from exhaust gas cooler, or combustion gas entering cooling system due to head
gasket failure)

3. Milky coolant: Oil (emulsified, indicates head gasket failure or oil cooler leak)

If coolant discolored, flush system immediately (contaminated coolant causes corrosion, scaling). Find and repair
source of contamination (pressure test cooling system, test for combustion gas in coolant).

15. How do I dispose of old coolant?

Old coolant (ethylene glycol, propylene glycol) is hazardous waste (toxic, flammable). Do NOT pour down drain,
on ground, or in trash.

Disposal options:

1. Recycle: Take to recycling center (many auto parts stores accept used coolant for recycling)

2. Hazardous waste disposal: If coolant contaminated with oil, fuel, or debris, dispose as hazardous waste (call
licensed hazardous waste disposal contractor)

Document disposal (manifest, receipt) for environmental compliance.

---

Related Downloads

Ensure complete cooling system integration with these additional resources:

1. [Generator Installation Guide PDF]() - Comprehensive installation manual covering all aspects of generator
setup, including cooling system integration.

2. [Generator Foundation Design Guide PDF]() - Foundation design manual, including cooling system pump
foundation requirements.

3. [Generator Room Ventilation Design PDF]() - Ventilation design guide, including heat rejection from cooling
system to generator room air.

4. [Generator Fuel System Installation Guide PDF]() - Fuel system design, including fuel cooler (if generator has
fuel cooler for hot climates, part of cooling system).

5. [Generator Electrical Installation Guide PDF]() - Electrical integration guide, including cooling fan motor wiring,
temperature sensor wiring.

6. [Generator Exhaust System Installation PDF]() - Exhaust system design, including separation distance from
cooling system components (high exhaust temperature can overheat cooling system components).
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7. [ATS Installation Guide PDF]() - Automatic transfer switch installation, including cooling system interlocks
(cooling fan should run when generator is running, interlocked with ATS).

8. [Containerized Generator Installation PDF]() - Containerized generator installation, including integrated cooling
system in container (radiator at one end, exhaust at other end).

9. [Soundproof Enclosure Installation Guide PDF]() - Acoustic enclosure installation, including cooling system
airflow (enclosure must allow adequate airflow for radiator, prevent overheating).

10. [Generator Commissioning Checklist PDF]() - Commissioning checklist that includes cooling system testing
and verification procedures.

11. [Anect 90.1 Cooling System Energy Calculator (Excel)]() - Spreadsheet for calculating cooling fan energy
consumption and verifying compliance with energy standards.

12. [Coolant Selection Guide PDF]() - Guide to selecting appropriate coolant type and mixture for generator
applications, including freeze protection chart.

13. [Pump Curve Interpretation Guide PDF]() - Guide to reading pump curves (head vs. flow, efficiency, NPSH),
for selecting and verifying pump operation.

14. [Cooling System Flush Procedure PDF]() - Procedure for flushing generator cooling system (remove scale,
corrosion, contaminants), including chemical flush recommendations.

15. [Remote Radiator System Design Spreadsheet]() - Excel spreadsheet for designing remote radiator systems,
including pump sizing, pipe sizing, and expansion tank sizing.

---

Conclusion

Generator cooling system installation is a critical discipline that directly impacts generator reliability, performance,
and service life. A properly designed and installed cooling system maintains optimal engine temperature, prevents
overheating, and ensures reliable operation under all ambient conditions. This guide has provided you with the
methodology, calculations, and practical examples needed to install cooling systems for generators of all sizes.

Remember that cooling system installation is not a DIY project. It requires knowledge of heat transfer, fluid
mechanics, and engine manufacturer requirements. Always engage a qualified mechanical contractor and have
the installation permitted and inspected by the local Authority Having Jurisdiction (AHJ). The cost of professional
installation is insignificant compared to the cost of generator damage due to overheating.

Key takeaways from this guide:

1. Calculate heat rejection. Use 8,000-12,000 BTU/hr per kW (diesel), verify with engine manufacturer.

2. Size radiator adequately. Provide adequate core area (0.5-1.5 sq ft per kW), verify airflow (300-700 CFM per
kW).

3. Size pump for flow and head. Coolant flow = 2-3 GPM per kW, pump head = pressure drop through system +
elevation difference.

4. Install expansion tank. Accommodates coolant expansion, provides positive pressure at pump inlet (prevents
cavitation).

5. Use proper coolant mixture. 50/50 ethylene glycol/water (freeze protection, corrosion protection).

6. Insulate pipes (if remote radiator). Prevent heat loss,



HUAQUAN POWER Generator Resource Center

www.huaquanpower.com | huaquan@huaquanpower.com Page 17

7. Test after installation. Check coolant level, bleed air, verify circulation, test under load (verify coolant
temperature stable).

8. Maintain the system. Regular maintenance (check coolant, test concentration, flush system) is essential for
reliable operation.

By following the procedures outlined in this guide and adhering to applicable codes and standards, you can install
a generator cooling system that provides decades of reliable service. Invest the time and effort in proper design
and installation—your generator will reward you with uninterrupted power when you need it most.

---
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