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Generator Exhaust System Installation: Complete Design,
Material Selection, and Commissioning Manual

Introduction

The exhaust system is a critical component of any generator installation, responsible for safely removing
combustion gases from the engine and discharging them to the atmosphere. A properly designed exhaust system
prevents backpressure buildup (which reduces engine power and increases fuel consumption), minimizes noise
(exhaust noise can exceed 100 dBA at the engine outlet), prevents carbon monoxide intrusion into occupied
spaces, and ensures compliance with environmental regulations (emission limits, opacity). Improper exhaust
design can lead to generator derating, overheating, frequent shutdowns, and in extreme cases, personnel injury or
death from carbon monoxide poisoning.

This comprehensive guide covers exhaust system design and installation for generator sets ranging from small
residential units (7-24 kW) to large industrial power plants (1000-2500+ kW). We address exhaust piping materials
(carbon steel, stainless steel), insulation methods (fiberglass, mineral wool), support systems (hangers, expansion
loops), rain caps and spark arrestors, and acoustic silencers (reactive, absorptive). Whether you are designing a
simple exhaust system for a roof-mounted generator or a complex multi-unit exhaust manifold for a power plant,
this guide provides the methodology, calculations, and practical examples you need.

Exhaust system design is not merely connecting pipes. It requires understanding of fluid dynamics (backpressure,
flow velocity, pressure drop), acoustics (sound attenuation, resonant frequencies), thermal expansion (expansion
joints, flexible connectors), and corrosion mechanisms (condensation, acidic exhaust). A well-designed exhaust
system minimizes backpressure (≤ 3-5 inches Hg for naturally aspirated engines, ≤ 6-10 inches Hg for
turbocharged engines), maintains adequate exhaust velocity (1000-1500 FPM to prevent condensation), and
attenuates exhaust noise to acceptable levels (≤ 70 dBA at property line).

This guide is written for mechanical contractors, exhaust system installers, facility managers, and engineers who
need to design or oversee generator exhaust system installations. We cover NFPA 37 (Standard for the
Installation and Use of Stationary Combustion Engines and Gas Turbines), NFPA 30 (for diesel exhaust), EPA
emissions regulations (40 CFR Part 60 - NSPS for stationary engines), and manufacturer requirements. By
following this guide, you will ensure your generator exhaust system is safe, efficient, code-compliant, and durable.

---

Compatible Generator Brands and Exhaust Requirements

| Brand | Exhaust Flange Size (inches) | Backpressure Limit (inches Hg) | Exhaust Flow (CFM per kW) | Typical
Silencer Type | Exhaust Temp (°F) |

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

| Caterpillar (Diesel) | 3-12" (flexible) | 6-10 (turbo), 3-5 (NA) | 2-4 CFM/kW | Reactive (3-5 dB attenuation) |
800-1100 |

| Cummins (Diesel/Gas) | 3-10" | 6-10 (turbo), 3-5 (NA) | 2-4 CFM/kW | Reactive or Absorptive | 800-1100 (diesel),
1000-1200 (gas) |

| Kohler (Diesel/Gas) | 2-8" | 6-10 (turbo), 3-5 (NA) | 2-4 CFM/kW | Reactive (most common) | 800-1100 |

| MTU (High-Speed Diesel) | 6-16" | 6-10 (turbo) | 3-5 CFM/kW | Absorptive (high attenuation) | 900-1200 |

| Generac (Residential) | 2-4" | 3-5 (NA) | 1.5-3 CFM/kW | Reactive (compact) | 700-1000 |

| Perkins (Industrial) | 4-12" | 6-10 (turbo), 3-5 (NA) | 2-4 CFM/kW | Reactive or Absorptive | 800-1100 |
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---

Technical Specifications and Design Criteria

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

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

| Exhaust Pipe Material | Aluminized steel (schedule 40) | 304/316 stainless steel (schedule 10/40) | 304/316
stainless steel (schedule 10/40) |

| Pipe Wall Thickness | 0.065 inches (16 gauge) | 0.109 inches (12 gauge) for ≤ 6", 0.134 inches (10 gauge) for >
6" | 0.134-0.250 inches (10-¼" plate) |

| Insulation | 1" fiberglass (mastik) | 2" mineral wool (1000°F rating) | 2-4" mineral wool (1200°F rating) |

| Jacket Material | Aluminum (0.020" thick) | Aluminum or stainless steel (0.025" thick) | Stainless steel (0.030"
thick) |

| Support Spacing | Every 10 feet | Every 10 feet | Every 8 feet (larger pipes) |

| Expansion Joint | Flex section at engine (12-18" long) | Flexible bellows (stainless steel) | Flexible bellows
(stainless steel, fire-safe) |

| Exhaust Velocity | 1000-1500 FPM | 1500-2000 FPM | 2000-2500 FPM |

| Backpressure (maximum) | 3-5 inches Hg (NA), 6-10 inches Hg (turbo) | Same as residential | Same as
residential |

| Rain Cap | Yes (aluminum or stainless) | Yes (stainless steel) | Yes (stainless steel, with spark arrestor) |

| Spark Arrestor | Required if < 10 feet from combustible (NFPA 37) | Required if exhaust directed at combustible |
Required for all installations (local fire code) |

| Acoustic Silencer | Required (≤ 70 dBA at property line) | Required (≤ 75 dBA at property line) | Required (≤ 85
dBA at property line) |

| Seismic Restraints | Not required (lightweight system) | Required (ASCE 7, seismic zones) | Required (ASCE 7,
all zones for critical facilities) |

---

Step-by-Step Exhaust System Installation Procedure

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

Step 1: Exhaust Flow Calculation

Exhaust flow is the volume of combustion gases exiting the engine. This determines pipe size and silencer
capacity.

1. Diesel Engines:

• Exhaust flow = Fuel consumption × Air-fuel ratio × Exhaust gas ratio

• Fuel consumption = Generator kW × 0.07 gal/kW-hr (typical)

• Air-fuel ratio = 20:1 (mass basis, diesel)

• Exhaust gas ratio = 21:1 (mass basis, exhaust gas / fuel)

• Example: 500 kW diesel generator:
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• Fuel consumption = 500 × 0.07 = 35 gal/hr = 233 lb/hr (8.34 lb/gal × 0.85 density)

• Air mass = 233 × 20 = 4,660 lb/hr

• Exhaust mass = 233 × 21 = 4,893 lb/hr

• Exhaust volume (at 1000°F, 14.7 PSI) = (4,893 / 0.075) × (1460/520) × (14.7/14.7) = 183,000 ft³/hr = 3,050 CFM

• Rule of thumb: 2-4 CFM per kW (diesel), 3-5 CFM per kW (natural gas)

2. Natural Gas Engines:

• Exhaust flow = (Fuel consumption × 10.5) + (Combustion air × 1.05) (approximate)

• Example: 500 kW natural gas generator, heat rate 7,500 BTU/kW-hr:

• Fuel consumption = 500 × 7,500 / 1,000 = 3,750 ft³/hr

• Air consumption = 3,750 × 9.5 = 35,625 ft³/hr

• Exhaust flow = (3,750 × 10.5) + (35,625 × 1.05) = 39,375 + 37,406 = 76,781 ft³/hr = 1,280 CFM

• Rule of thumb: 2-3 CFM per kW (natural gas, lower than diesel due to higher air-fuel ratio)

Step 2: Exhaust Pipe Sizing

Pipe size is determined by exhaust flow and allowable velocity (or backpressure).

1. Velocity Method (Most Common):

• Minimum velocity: 1000 FPM (prevent condensation, deposits)

• Maximum velocity: 2500 FPM (limit noise, erosion)

• Optimal velocity: 1500-2000 FPM

• Pipe area = Exhaust flow (CFM) ÷ Velocity (FPM)

• Example: 3,050 CFM, 1500 FPM:

• Area = 3,050 ÷ 1500 = 2.03 ft² = 292 in²

• Pipe diameter = √(292 / 0.785) = √372 = 19.3 inches

• Select 20" diameter pipe (or 18" if backpressure analysis shows acceptable)

2. Backpressure Method:

• Calculate backpressure for candidate pipe sizes (use Darcy-Weisbach equation or manufacturer software)

• Select smallest pipe size that keeps backpressure below engine limit

• For 500 kW diesel, backpressure limit = 10 inches Hg (turbocharged)

• Calculate backpressure for 18" pipe, 20" pipe, select based on cost and space constraints

Step 3: Backpressure Calculation

Excess backpressure reduces engine power, increases fuel consumption, and increases exhaust temperature.

1. Backpressure Formula (Simplified):

• ∆P = (f × L × V²) / (2 × g × D) (inches WC)

• Where: f = friction factor (0.02 for turbulent flow in smooth pipe), L = pipe length (feet), V = velocity (FPM), g =
gravitational constant (32.2 ft/s²), D = pipe diameter (feet)

• Convert to inches Hg: 1 inch WC = 0.0736 inches Hg

• Example: 100 feet of 18" pipe, 2000 FPM:

• ∆P = (0.02 × 100 × 2000²) / (2 × 32.2 × 1.5) = 1,655,280 / 96.6 = 17,140 inches WC = 1,261 inches Hg (clearly
wrong, use proper formula or software)
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• Use manufacturer software or AMCA calculation sheets (proper backpressure calculation is complex, involves
compressible flow, temperature effects, friction factors for rough pipes)

2. Rule of Thumb:

• Each elbow adds 5-10 equivalent feet of straight pipe (pressure drop)

• Each silencer adds 10-20 equivalent feet

• Keep total equivalent length < 50-75 feet (for small generators), < 100-150 feet (for large generators)

• If equivalent length too long, increase pipe size (reduce velocity, reduce friction loss)

Phase 2: Material Selection and Procurement (Week 2)

Step 4: Exhaust Pipe Material Selection

Exhaust pipes must withstand high temperature (800-1200°F), corrosive condensate (acidic, from combustion),
and vibration.

1. Carbon Steel (Black Iron or ASTM A53):

• Least expensive, adequate for low-temperature applications (< 800°F)

• Prone to corrosion (condensate, external rust)

• Use for residential generators, short runs (< 20 feet)

2. Aluminized Steel (ASTM A463):

• Carbon steel with aluminum-silicon coating (corrosion-resistant)

• Good for moderate-temperature applications (800-1000°F)

• Use for commercial generators, medium runs (20-50 feet)

3. Stainless Steel (304 or 316):

• Most corrosion-resistant, withstands high temperature (1200°F+)

• Most expensive, but longest life (20+ years)

• Use for industrial generators, long runs (> 50 feet), coastal environments (salt air)

• 304 stainless: Adequate for most applications

• 316 stainless: Better corrosion resistance (molybdenum added), use for marine, chemical plants

4. Pipe Schedule:

• Schedule 10: Thin wall (0.065-0.109 inches), lighter, less expensive, adequate for low-pressure exhaust (< 15
inches WC)

• Schedule 40: Thick wall (0.109-0.237 inches), heavier, more durable, use for high-pressure exhaust (> 15 inches
WC) or where physical protection needed

Step 5: Insulation and Jacket Selection

Insulation reduces heat loss (maintain exhaust temperature above dew point, prevent condensation), reduces
surface temperature (prevent burns), and attenuates noise.

1. Insulation Material:

• Fiberglass: Least expensive, adequate for < 1000°F, use for residential/commercial

• Mineral Wool: Higher temperature rating (1200°F), more durable, use for industrial

• Ceramic Fiber: Highest temperature rating (2000°F), most expensive, use for high-performance engines (MTU,
Caterpillar 3500 series)
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2. Insulation Thickness:

• Residential: 1 inch (adequate for freeze protection, minor burn protection)

• Commercial: 2 inches (better energy efficiency, surface temperature < 140°F)

• Industrial: 2-4 inches (required for personnel protection, energy efficiency)

3. Jacket (Outer Cover):

• Aluminum: Least expensive, adequate for dry locations, use for indoor or protected outdoor

• Stainless Steel: More durable, corrosion-resistant, use for outdoor, coastal, or harsh environments

• PVC (Vinyl): Not recommended (melts at low temperature, < 200°F)

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

Step 6: Exhaust Piping Installation

Proper installation minimizes backpressure, prevents leaks, and allows for thermal expansion.

1. Pipe Routing:

• Minimize elbows (each elbow adds 5-10 equivalent feet of straight pipe, increases backpressure)

• Provide minimum 3 diameters straight pipe from engine outlet before first elbow (allow flow to develop, reduce
turbulence)

• Slope horizontal runs 1:50 toward exterior (drain condensate, prevent from flowing back to engine)

• Terminate exhaust:

• Minimum 10 feet from building openings (windows, doors, fresh air intakes)

• Minimum 3 feet above grade or roofline (prevent reingestion)

• Away from prevailing wind direction (prevent recirculation)

2. Pipe Support:

• Support pipe independently of engine (not hanging from engine exhaust flange)

• Support spacing: Every 10 feet for ≤ 6" pipe, every 8 feet for > 6" pipe

• Use adjustable hangers (allow for vertical adjustment, level pipe)

• Use roller hangers or slotted holes (allow for axial movement, thermal expansion)

3. Pipe Connections:

• Welded: Most secure, leak-proof, but not adjustable (use for permanent installations, where pipe route is final)

• Flanged: Allows disassembly (for maintenance, silencer replacement), use flanged joints at silencer, at changes
in direction

• Clamped (Band Clamps): Least expensive, allows some adjustment, use for small generators (< 100 kW), where
frequent disassembly not required

• Gasketed: Use high-temperature gaskets (graphite, spiral wound), do NOT use rubber gaskets (melts at low
temperature)

Step 7: Flexible Connector Installation

A flexible connector (flex section) between the engine exhaust flange and the rigid exhaust piping is critical to
prevent vibration transmission and allow for misalignment.

1. Flex Connector Type:
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• Braided Stainless Steel: Most common, good for reciprocating engines (absorbs vibration, allows angular
misalignment)

• Bellows (Expansion Joint): For large pipes (> 8"), bellows type flexible connector (allows axial, lateral, angular
movement)

• Interlocked: For small generators (< 50 kW), interlocked flexible connector (less expensive, adequate for low
temperature < 800°F)

2. Flex Connector Sizing:

• Length: 12-18 inches (minimum 3× pipe diameter, allows for movement)

• Diameter: Same as exhaust flange (or one size larger, if engine manufacturer allows)

• Material: 304 or 316 stainless steel (corrosion-resistant, high-temperature)

3. Flex Connector Installation:

• Install as close to engine as possible (first component in exhaust system)

• Do NOT use flex section to compensate for misalignment > 1/4" (correct piping, not flex section)

• Support exhaust piping on both sides of flex section (flex should not support pipe weight)

• Verify flex section is not twisted (installed in straight line, not torqued)

Step 8: Silencer (Muffler) Installation

The silencer attenuates exhaust noise to acceptable levels (≤ 70-85 dBA at property line, depending on zoning).

1. Silencer Type Selection:

• Reactive (Chamber) Silencer: Uses expansion chambers, resonators to attenuate low-frequency noise (most
common for generators, good for 15-25 dBA attenuation)

• Absorptive (Parallel Baffle) Silencer: Uses fiberglass or mineral wool packing to attenuate high-frequency noise
(good for natural gas engines, which have higher frequency noise)

• Combination (Reactive + Absorptive): Best attenuation (25-40 dBA), used for noise-sensitive installations
(hospitals, residential)

2. Silencer Sizing:

• Select silencer rated for exhaust flow (CFM) and backpressure (inches Hg)

• Example: 3,050 CFM exhaust flow, 10 inches Hg backpressure limit

• Select silencer with 3,050 CFM capacity and < 2 inches Hg pressure drop (leaves 8 inches Hg for piping)

3. Silencer Installation:

• Install as close to engine as possible (attenuate noise at source)

• Provide access for maintenance (silencer packing degrades over time, may need replacement every 5-10 years)

• Support silencer independently (not hanging from engine or exhaust pipe)

• Install drain cock (condensate collects in silencer, must be drained periodically)

Step 9: Rain Cap and Spark Arrestor Installation

The rain cap prevents rain and debris from entering the exhaust pipe when the generator is off. The spark arrestor
prevents hot carbon particles from exiting the exhaust (fire hazard).

1. Rain Cap Selection:

• Gravity (Counterweighted): Most common, opens with exhaust flow, closes when off (prevent rain entry)

• Spring-Loaded: For vertical discharge, spring holds cap closed, exhaust pressure opens (better for low flow,
prevent cap from rattling)
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• Material: Aluminum (residential), stainless steel (commercial/industrial)

2. Spark Arrestor Selection:

• Mesh Type: Stainless steel mesh (1/8" openings), traps carbon particles (required by NFPA 37 for exhaust
directed at combustible material)

• Cyclonic Type: Centrifugal force separates carbon particles (more effective, less restrictive than mesh, use for
large generators > 500 kW)

3. Installation:

• Install at exhaust termination (last component before discharge)

• Provide access for cleaning (mesh type spark arrestor clogs with soot, must be cleaned periodically)

• Verify spark arrestor does not add excessive backpressure (≤ 1 inch Hg additional)

Phase 4: Thermal Expansion and Seismic Restraints (Week 5)

Step 10: Thermal Expansion Design

Exhaust pipes expand significantly when heated (800-1200°F). Uncontrolled expansion can buckle pipes, damage
engine exhaust flange, or break supports.

1. Expansion Calculation:

• ∆L = α × L × ∆T

• Where: α = coefficient of thermal expansion (6.5 × 10■■ in/in/°F for steel), L = pipe length (inches), ∆T =
temperature change (°F)

• Example: 50 feet of steel pipe, heated from 70°F to 1000°F:

• ∆L = 6.5 × 10■■ × (50 × 12) × (1000 - 70) = 6.5 × 10■■ × 600 × 930 = 3.63 inches

• Provide expansion loop or expansion joint to accommodate this movement

2. Expansion Loop Design:

• U-shaped loop (preferred, absorbs expansion in all directions)

• Offset (L-shaped) loop (if space constrained)

• Expansion loop dimensions: Minimum 3× pipe diameter offset, 6× pipe diameter leg length

3. Expansion Joint (Flexible Connector):

• Already installed at engine (Step 7), but may need additional expansion joints for long runs (> 50 feet)

• Install expansion joint at changes in direction (elbows), not in straight runs (can cause instability)

Step 11: Seismic Restraint Installation

In seismic zones (ASCE 7, Seismic Design Category C, D, E, or F), exhaust systems must be braced to prevent
collapse during earthquake.

1. Seismic Bracing:

• Install seismic braces (steel angles or struts) at each support point

• Braces must resist both horizontal and vertical seismic forces

• Calculate seismic force: F_p = 0.4 × a_p × S_DS × W_p (per ASCE 7, Chapter 13)

• Where: a_p = component amplification factor (typically 1.0 for exhaust pipes), S_DS = spectral acceleration,
W_p = component weight

2. Flexible Connections at Seismic Gaps:
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• If exhaust pipe crosses a seismic joint (building expansion joint), install flexible connector (bellows type) to
accommodate building movement

3. Clearance at Ceiling/Floor Penetrations:

• Provide minimum 6" clearance around pipe at ceiling/floor penetrations (allow for building movement during
earthquake)

• Seal penetrations with fire-rated caulk (intumescent, expands with heat, maintains fire rating)

Phase 5: Commissioning and Testing (Week 6)

Step 12: Exhaust System Pre-Start Checks

1. Visual Inspection:

• Verify all pipes aligned, supported, not contacting building structure (vibration transmission)

• Verify all connections tight (no leaks, use soap test or combustion gas detector)

• Verify rain cap moves freely (opens with slight pressure, closes with gravity)

• Verify spark arrestor clean (no soot buildup)

2. Backpressure Measurement (if possible):

• Install pressure tap at engine exhaust flange (before turbocharger, if equipped)

• Measure backpressure at no-load, half-load, full-load (compare to manufacturer limit)

• If backpressure too high, check for restrictions (silencer, spark arrestor, piping diameter too small)

Step 13: Exhaust System Functional Testing

1. Start Generator, Observe Exhaust:

• Verify exhaust flow (feel air movement at termination, or use tissue paper to verify flow)

• Verify no leaks (soap test all connections, or use combustion gas detector)

• Verify rain cap opens fully (should be fully open at half-load, not rattling)

2. Measure Exhaust Temperature:

• Measure at exhaust flange (infrared thermometer or thermocouple)

• Compare to manufacturer specification (typically 800-1100°F for diesel, 1000-1200°F for natural gas)

• If temperature too high, suspect restricted exhaust (backpressure high, check silencer, spark arrestor)

3. Measure Noise Level:

• Measure at property line (dBA meter)

• Verify ≤ 70-85 dBA (depending on zoning, time of day)

• If noise too high, add silencer (additional attenuation), or extend exhaust stack (raise termination higher,
attenuate ground-level noise)

Step 14: Documentation and Training

1. As-Built Drawings:

• Update drawings to reflect field changes (pipe routing, support locations)

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

• Provide material list (pipe, insulation, silencer, rain cap, spark arrestor)
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2. Operation and Maintenance Manual:

• Provide exhaust system O&M; manual (silencer, rain cap, spark arrestor)

• Provide maintenance schedule:

• Monthly: Inspect for leaks, verify rain cap operation

• Quarterly: Clean spark arrestor (if mesh type), drain silencer (condensate)

• Annually: Inspect insulation (repair if damaged), measure backpressure (verify not increased)

• Every 5 years: Replace silencer packing (if absorptive type), replace flex section (if degraded)

3. Training:

• Train facility staff on:

• Exhaust system operation (normal, what to look for: leaks, excessive noise)

• Maintenance procedures (clean spark arrestor, drain silencer)

• Emergency procedures (what to do if exhaust leak detected: shutdown generator, evacuate area, call service)

---

Download PDF Section

The complete Generator Exhaust System Installation PDF is available for free download. This comprehensive
manual includes all exhaust system design calculations, pipe sizing charts, silencer selection guides, and
commissioning checklists.

File Details:

• Format: PDF (Portable Document Format)

• Size: 24.8 MB

• Pages: 176 pages

• Language: English

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

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

What's Included in the PDF:

1. Exhaust system design flowchart

2. Exhaust flow calculation spreadsheet (Excel)

3. Pipe sizing chart (velocity vs. diameter)

4. Backpressure calculation spreadsheet

5. Silencer selection guide (attenuation curves)

6. Thermal expansion calculation spreadsheet

7. Seismic restraint design examples (ASCE 7)

8. Exhaust system commissioning checklist

9. Maintenance log templates

10. Troubleshooting guide (excessive backpressure, noise, leaks)

---
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Frequently Asked Questions (FAQs)

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

For a 500 kW diesel generator:

• Exhaust flow ≈ 3,050 CFM (from calculation in Step 1)

• Optimal velocity = 1500-2000 FPM

• Required area = 3,050 ÷ 1500 = 2.03 ft² = 292 in²

• Pipe diameter = √(292 / 0.785) = 19.3 inches

• Select 20" diameter pipe (schedule 10 or 40, stainless steel)

Verify backpressure with manufacturer (should be ≤ 10 inches Hg for turbocharged engine). If backpressure too
high, increase pipe size to 24" (if space allows).

2. Can I use the same exhaust pipe for diesel and natural gas generators?

Yes, but:

1. Natural gas exhaust is cleaner (no soot, no sulfur) but higher temperature (1000-1200°F vs. 800-1100°F for
diesel)

2. May need higher temperature insulation (mineral wool vs. fiberglass)

3. May need different silencer (absorptive vs. reactive, natural gas engines have higher frequency noise)

4. Verify pipe material compatible (stainless steel for both, but 316 stainless preferred for natural gas due to higher
temperature)

3. What causes excessive backpressure in exhaust system?

Common causes:

1. Undersized pipe: Diameter too small for exhaust flow (velocity too high, friction loss high)

2. Too many elbows: Each elbow adds equivalent length (5-10 feet), increases backpressure

3. Clogged silencer: Packing degraded, soot buildup (increase restriction)

4. Clogged spark arrestor: Mesh type spark arrestor clogged with carbon particles (clean or replace)

5. Condensate blockage: Horizontal runs not sloped, condensate collects, restricts flow (verify slope 1:50 toward
exterior)

Measure backpressure at engine exhaust flange (should be ≤ manufacturer limit). If high, inspect system
(disassemble, check for restrictions).

4. How do I prevent exhaust condensation in the pipe?

Condensation occurs when exhaust temperature drops below dew point (acidic, corrosive). Prevention:

1. Insulate exhaust pipe: Maintain exhaust temperature above dew point (insulation thickness 1-2" for commercial,
2-4" for industrial)
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2. Slope horizontal runs: 1:50 toward exterior (drain condensate to outdoors, prevent from flowing back to engine)

3. Install condensate drain: At low points in exhaust system (drain cock or automatic drain)

4. Use stainless steel: More corrosion-resistant than carbon steel (condensate is acidic, pH 3-5)

5. Can I terminate exhaust under a canopy or roof overhang?

No. NFPA 37 prohibits exhaust termination under eaves, canopies, or other overhangs (hot exhaust can ignite
combustible material, or recirculate back to building). Terminate exhaust:

1. Minimum 10 feet from building openings (windows, doors, fresh air intakes)

2. Minimum 3 feet above grade or roofline

3. Away from prevailing wind direction (prevent recirculation)

4. If roof-mounted, extend stack 3-5 feet above roofline (prevent exhaust from entering attic or soffit vents)

6. What is the difference between a reactive and absorptive silencer?

Reactive Silencer: Uses expansion chambers, resonators to attenuate noise (low-frequency, < 500 Hz). Most
common for diesel generators (diesel exhaust noise is low-frequency, "rumble"). Attenuation: 15-25 dBA. Less
restrictive (lower backpressure) than absorptive.

Absorptive Silencer: Uses fiberglass or mineral wool packing to attenuate noise (high-frequency, > 500 Hz). Better
for natural gas engines (higher frequency noise, "hiss"). Attenuation: 20-30 dBA. More restrictive (higher
backpressure) than reactive.

Combination Silencer: Both reactive and absorptive (best attenuation, 25-40 dBA). Used for noise-sensitive
installations.

7. How do I calculate the number of elbows allowed in an exhaust system?

Each elbow adds equivalent length (pressure drop). Limit total equivalent length to keep backpressure below
engine limit.

• Rule of thumb: Maximum 3-4 elbows in entire system (for small generators < 500 kW)

• If more elbows needed (complex routing), increase pipe size (reduce velocity, reduce friction loss)

• Verify backpressure with manufacturer software (or request submittal from exhaust system supplier)

8. What is a spark arrestor, and do I need one?

A spark arrestor prevents hot carbon particles (soot) from exiting the exhaust (fire hazard, can ignite dry grass,
leaves, or combustible roofing material). Required:

1. By NFPA 37: If exhaust directed at combustible material (wood shingle roof, dry vegetation)

2. By local fire code: Most jurisdictions require spark arrestor for all generator installations (residential,
commercial)

3. For wildland-urban interface (WUI): Required (high fire risk area, California, Colorado, etc.)

Select mesh type (stainless steel, 1/8" openings) or cyclonic type (for large generators). Clean periodically (soot
buildup restricts flow).
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9. How do I support a large exhaust pipe (> 12" diameter)?

Large exhaust pipes are heavy (100-200 lbs/foot for 24" pipe, schedule 40). Support requirements:

1. Support spacing: Every 8 feet (for > 12" pipe)

2. Support type: Roller hangers (allow axial movement, thermal expansion), or slotted holes in hanger rods (allow
movement)

3. Independent support: Do NOT hang pipe from ceiling deck (vibration transmission, ceiling damage). Use
trapeze hangers (Unistrut frame, supported from building structure)

4. Seismic bracing: In seismic zones, brace pipe in both directions (horizontal and vertical)

10. Can I use flexible exhaust hose (like clothes dryer vent) for a generator?

No. Flexible exhaust hose (plastic or foil) is not rated for high temperature (melts at < 200°F, exhaust is
800-1200°F). Use only:

1. Braided stainless steel flexible connector: At engine exhaust flange (absorbs vibration, allows misalignment)

2. Metal pipe (steel or stainless): For all other exhaust piping (rigid, leak-proof, high-temperature)

Flexible exhaust hose is a fire hazard and will fail quickly (days to weeks) in generator exhaust service.

11. What causes exhaust pipe to rattle or vibrate?

Common causes:

1. Inadequate support: Pipe not supported properly (hangs from ceiling, sags over time)

2. Rain cap rattling: Gravity-type rain cap rattles in wind or at low exhaust flow (replace with spring-loaded type)

3. Resonance: Exhaust flow excites acoustic resonance in pipe (add silencer, or change pipe length/diameter)

4. Engine misfire: Uneven exhaust pulses (check engine, may need tune-up)

Inspect supports, verify rain cap operation, measure exhaust pressure pulses (should be even, not erratic).

12. How do I dispose of old exhaust insulation?

Exhaust insulation (fiberglass, mineral wool) may contain asbestos (if installed before 1980) or may be
contaminated with exhaust soot (hazardous). Disposal:

1. Test for asbestos: If installed before 1980, have sample tested (asbestos abatement required if positive)

2. If no asbestos: Dispose as construction debris (landfill)

3. If contaminated with oil/soot: Dispose as hazardous waste (check local regulations)

Wear PPE (respirator, gloves) when removing old insulation (fiberglass irritates skin, lungs).

13. Can I paint the exhaust pipe?

Yes,

1. High-temperature paint: Use stove paint or high-temp enamel (rated for 1200°F)

2. Do NOT paint flexible connector: Paint cracks with thermal cycling (flex connector must remain flexible)
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3. Do NOT paint inside of pipe: Paint burns off, creates toxic fumes, restricts flow (carbon buildup)

Paint exterior of pipe (above insulation jacket) to match building exterior (aesthetic). Use spray paint (even coat,
no drips).

14. What is the purpose of a diverter valve in exhaust system?

A diverter valve (or bypass valve) allows exhaust to be directed to different termination points (e.g., winter vs.
summer operation). Used for:

1. Winter operation: Direct exhaust downward (prevent snow/ice buildup on roof)

2. Summer operation: Direct exhaust upward (better dispersion)

3. Maintenance: Bypass silencer (if silencer needs repair, valve directs exhaust through bypass pipe)

Not common for most installations (adds complexity, cost). Consider only if exhaust termination is problematic
(recirculation, noise complaints).

15. How do I verify exhaust system compliance with emission regulations?

Emission regulations (EPA 40 CFR Part 60, CARB in California) limit NOx, PM, CO, HC emissions from
generators. Compliance:

1. Verify engine certification: Generator should be shipped with EPA certification label (Tier 1, 2, 3, 4i, 4f)

2. If non-compliant: Retrofit with emission control device (DOC - diesel oxidation catalyst, DPF - diesel particulate
filter, SCR - selective catalytic reduction)

3. Periodic testing: Some jurisdictions require periodic emission testing (opacity test, NOx test)

4. Recordkeeping: Keep records of maintenance, emission tests (required for compliance)

Consult engine manufacturer, EPA, or local air quality management district for specific requirements.

---

Related Downloads

Ensure complete exhaust system integration with these additional resources:

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

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

3. [Generator Room Ventilation Design PDF]() - Ventilation design guide, including separation distance between
exhaust termination and ventilation intake.

4. [Generator Fuel System Installation Guide PDF]() - Fuel system design, including separation distance from
exhaust (prevent radiant heat ignition of fuel vapors).

5. [Generator Electrical Installation Guide PDF]() - Electrical integration guide, including exhaust temperature
sensor wiring (if generator has exhaust temperature shutdown).



HUAQUAN POWER Generator Resource Center

www.huaquanpower.com | huaquan@huaquanpower.com Page 15

6. [Generator Cooling System Installation PDF]() - Cooling system design, including separation distance from
exhaust (prevent overheating of cooling system components).

7. [ATS Installation Guide PDF]() - Automatic transfer switch installation, including separation distance from
exhaust (high temperature, not a fire hazard for ATS).

8. [Containerized Generator Installation PDF]() - Containerized generator installation, including integrated exhaust
system in container (spark arrestor, rain cap at container roof).

9. [Soundproof Enclosure Installation Guide PDF]() - Acoustic enclosure installation, including exhaust system
acoustic treatment (attenuate exhaust noise transmitting through enclosure).

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

11. [NFPA 37 Exhaust System Compliance Checklist PDF]() - Checklist for verifying exhaust system compliance
with NFPA 37 (Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines).

12. [Exhaust Silencer Selection Guide PDF]() - Guide to selecting appropriate silencer type and size for generator
applications, including attenuation curves.

13. [Thermal Expansion Calculation Spreadsheet]() - Excel spreadsheet for calculating thermal expansion of
exhaust pipes and designing expansion loops.

14. [Exhaust System Backpressure Test Procedure PDF]() - Procedure for measuring exhaust backpressure at
engine flange, including interpretation of results.

15. [EPA Emission Compliance Guide for Generators PDF]() - Guide to EPA emission regulations for stationary
generators, including Tier ratings, testing requirements, and retrofit options.

---

Conclusion

Generator exhaust system installation is a specialized discipline that requires knowledge of fluid dynamics,
acoustics, thermal expansion, and fire safety. A properly designed and installed exhaust system ensures
adequate engine performance (low backpressure), acceptable noise levels, safe removal of combustion gases,
and compliance with codes and regulations. This guide has provided you with the methodology, calculations, and
practical examples needed to install exhaust systems for generators of all sizes.

Remember that exhaust system installation is not a DIY project. It requires knowledge of NFPA 37, local fire
codes, and proper exhaust design principles. 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 risks of improper installation: engine damage (excessive
backpressure), fire (hot exhaust near combustibles), carbon monoxide poisoning (exhaust leak in enclosed
space), and code violations.

Key takeaways from this guide:

1. Calculate exhaust flow. Use 2-4 CFM per kW (diesel), 2-3 CFM per kW (natural gas). Verify with manufacturer
data.

2. Size pipe for velocity. Optimal velocity = 1500-2000 FPM. Avoid < 1000 FPM (condensation) and > 2500 FPM
(noise, erosion).
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3. Minimize backpressure. Keep total equivalent length < 50-75 feet (small generators), < 100-150 feet (large
generators). Verify backpressure ≤ manufacturer limit.

4. Install flexible connector at engine. Absorbs vibration, allows for misalignment, prevents exhaust system
damage.

5. Insulate exhaust pipe. Prevent condensation, reduce surface temperature (personnel protection), attenuate
noise.

6. Install rain cap and spark arrestor. Prevent rain entry, prevent fire hazard.

7. Support pipe properly. Independent supports, allow for thermal expansion, seismic bracing (if required).

8. Test after installation. Measure backpressure, verify no leaks, measure noise level at property line.

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

---
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