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1 PURPOSE 
This report documents the calculations used in support of piping and machinery system designs 
for the North Carolina D.O.T. Pedestrian Ferry. The subject vessel is a new design for a 92 ft 
long x 26 ft wide, catamaran type, fast passenger ferry, which will be owned and operated by the 
North Carolina Department of Transportation (NCDOT). 

The calculations relating to each specific system are presented in separate appendices. Each 
appendix provides the following information: 

• References used in preparing the calculations 
• Description of the system 
• Calculation procedures 
• Given and assumed parameters 
• Formulas and software used 
• Calculation results 

2 REGULATORY FRAMEWORK 
The Pedestrian Ferry is inspected by the US Coast Guard under the provisions of 46 CFR 
Subchapter T. The vessel structure and bilge system are designed in accordance with Lloyd's 
Register Rules and Regulations for the Classification of Special Service Craft, 2016. Therefore, 
all piping and mechanical system design shall comply with the respective requirements of these 
agencies. 
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Appendix A 
HVAC 
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 DESCRIPTION 1
This appendix documents the calculations used in designing the machinery ventilation and 
passenger and crew space HVAC systems.  These calculations establish minimum ventilation 
and cooling loads and identify appropriate duct sizes, trunk sizes, and fan and heat pump ratings.   

 PROCEDURE 2
Calculations are presented in the following sequence: 

• Passenger Space cooling loads and exhaust fan sizing 

• Pilothouse cooling load 

• Engine Room ventilation and supply fan sizing 

• Jet Room ventilation and exhaust fan sizing 

 GIVEN AND ASSUMED PARAMETERS 3

• The following environmental conditions were used to determine the HVAC loads: 

Environmental Condition 

Cooling Outside Air Dry Bulb Temperature (F) 88 
Cooling Outside Air Relative Humidity (%) 75 
Cooling Sea Water Temperature (F) 85 
Air Conditioned Spaces Temperature (F) 72 
Air Conditioned Spaces Humidity (%) 55 
Machinery Space Temperature (F) 115 
Heating Outside Air Temperature 40 
Heating Accommodations Indoor Air Temperature 68 
Heating Machinery Space Indoor Air Temperature 50 

 

• Passenger Space and Pilothouse will be served by mini-split heat pump units. Mini-split 

units will provide cooling and heating to each space. 

• Machinery Spaces will not be supplied with any auxiliary heating. 

• Compartment areas and volumes have been estimated based upon arrangements, [1]. 

• The outside air requirement for the Passenger Space was determined using ASHRAE 

62.1 Ventilation for Acceptable Indoor Air Quality, [2]. 

• Passenger Space window glass solar factor (GSF) was modified for geographic location, 

and an assumed window film per ASHRAE fundamentals in accordance with the RLF 

method of Chapter 17. 
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• The Engine Rooms will be provided with mechanical supply and natural exhaust. 

• The Jet Rooms will be provided with natural supply and mechanical exhaust. 

• All other below deck spaces are provided with natural supply and exhaust. 

• Engine Room ventilation is calculated assuming two propulsion engines, Caterpillar 

C18's rated for 800 HP at 2100 RPM and one generator, Northern Lights M40C3 rated 

for 40 kW. Heat rejection and air requirements at 100% MCR are tabulated below, [3] 

[4]. 

Engine Room Equipment Loads 

Propulsion Engine Heat Rejection (btu/min) 1815 
Propulsion Engine Consumption Air (cfm) 1856 
Generator Engine Cooling Air Required (cfm) 805 
Generator Engine Consumption Air (cfm) 114 

 

• Engine Room exhaust air is based upon supply air minus the consumption air of two 

engines running at 100% MCR. 

• Engine Room supply fans have variable frequency drive motors that determine speed 

based upon a positively pressurized engine room. 

 FORMULAS 4
(not used) 

 CALCULATIONS 5
5.1 Passenger Space Cooling Loads and Exhaust Fan Sizing 
Based upon the attached cooling load calculations, the estimated total cooling load for the 
Passenger Space is approximately 120,000 btu/hr or 10 tons of cooling. The passenger space will 
be served by four equally sized mini split heat units, each sized for 3.0 tons of cooling. This 
selection will provide margin and redundancy. 

The Passenger Space will be served by an exhaust fan located in the overhead at the aft end of 
the accommodations. At minimum this fan shall exhaust approximately 600 cfm of air at an 
estimated static pressure of 1.3 inches H2O. 

5.2 Pilothouse Cooling Load 
Based upon the attached cooling load calculations, the estimated total cooling load for the 
Pilothouse is approximately 36,000 btu/hr or 3.0 tons of cooling. The Pilothouse will be served 
by two equally sized mini split heat units, each sized for 2 tons of cooling. This selection will 
provide margin and redundancy. 
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5.3 Engine Room Ventilation and Supply Fan Sizing 
Based upon the attached calculations a ventilation rate of 10,400 cfm is required to provide 
cooling and combustion air to the Engine Rooms.  

One fan, providing 10,400 cfm, will supply air the each Engine Room. The calculated static 
pressure is 0.7 inches H2O.  

5.4 Jet Room Ventilation and Exhaust Fan Sizing 
Based upon the attached calculations a minimum ventilation rate of 157 cfm is required to 
provide 10 air changes per hour in the Jet Rooms.  

One fan, providing 200 cfm, will supply air the each Jet Room. The calculated static pressure is 
1.5 inches H2O.  

 

REFERENCES 

 

[1]  Elliott Bay Design Group, "Profiles and Arrangements," 16109-003-101 , Seattle, WA. 

[2]  ASHRAE, "Standard 62.1-2010 Ventilaton for Acceptable Indoor Air Quality," 2010. 

[3]  Caterpillar, "Performance Data [EM0270]," 11/10/2016. 

[4]  Mitsubishi, "ISM Toyota Mistubishi Marine Genset Specs," 2/2016. 
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Deck Area: 940 ft2 7050 ft3

Height: 7.5 ft
Lighting Load Calculation

qs (btuh) qt (btuh)
6,580 6,580

Lighting Totals: 6,580 6,580
Equipment Load Calcultion
Description qs (btuh) qs (btuh) ql (btuh) qt (btuh)

6,500
14,626

Equipment Totals: 0 0 0
Personnel Load Calcultion
Description Gender qs (btuh) qs (btuh) ql (btuh) qt (btuh)
SEATED AT REST male 240
SEATED AT REST mixed 210 21,000 14,000 35,000

Personnel Totals: 21000 14000 35000
Ventilation  Requirements
Type Rate Qty OA (cfm) EX (cfm)

People Outdoor Air Rate 5 100 people 500
Area Outdoor Air Rate 0.06 940 ft3 56

556
Heating Outside Air Temp 40 oF Cooling Outside Air Temp 88 oF

Heating Inside Air Temp 68 oF Cooling Design Temp: 72 oF
Heating and Cooling Load Calculation
Description Load 

Key
Insul 
Type

Area (ft2) T 
(°F)

ΔT U  or 
GSF

qw (btuh) T (°F) ΔT U  or 
GSF

qs (btuh) ql (btuh) qt (btuh)

Exterior - Weather (Solar) Over 090-D1 ☼↓ 812.0 40 28 0.238 5,411 123 51 0.274 11,347 11,347
Pilot House Over 090-D4 I↓I 175.0 68 0 0.219 72 0 0.243
Void Space Belw 090-U4 I↑I 620.0 40 28 0.260 4,514 88 16 0.282 2,797 2,797
Exterior - Weather Belw 090-U2 W↑I 320.0 40 28 0.293 2,625 88 16 0.278 1,423 1,423
Exterior - Weather (Solar) Fwd 090-H1 ☼↔ 148.0 40 28 0.259 1,073 108 36 0.287 1,529 1,529
Exterior - Weather Fwd 090-H2 W↔I 148.0 40 28 0.259 1,073 88 16 0.260 616 616
Exterior - Windows (Shaded) Fwd 001-H2 W↔I 37.0 40 28 1.130 1,171 88 16 1.130 669 669
Exterior - Windows (Solar) Fwd 001-H1 ☼↔ 37.0 40 28 1.130 1,171 108 36 75 2,775 2,775
Exterior - Weather Aft 090-H2 W↔I 234.0 40 28 0.259 1,697 88 16 0.260 973 973
Exterior - Weather (Solar) Port 090-H1 ☼↔ 217.0 40 28 0.259 1,574 108 36 0.287 2,242 2,242
Exterior - Windows (Solar) Port 001-H1 ☼↔ 90.0 40 28 1.130 2,848 108 36 75 6,750 6,750
Exterior - Windows (Shaded) Stbd 001-H2 W↔I 90.0 40 28 1.130 2,848 88 16 1.130 1,627 1,627
Exterior - Weather Stbd 090-H2 W↔I 217.0 40 28 0.259 1,574 88 16 0.260 903 903

   
LIGHTS Lght    6,580 6,580
EQUIPMENT Eqpt    
PERSONNEL Pers    21,000 14,000 35,000
Ventilation OA   88 16  9,258 35,208 44,466

Space Totals: 27,578 Totals: 70,490 49,208 119,698

Heating Cooling Season

Public Assembly cfm/person
Public Assembly cfm/sq ft

1-P2 140 100

Description Unit

Type ql (btuh) Count
1-P1 160 0

Coffee Maker (commercial) 2,000 0 1
Electric motor,  (5 HP x 2545 / .87)  0 0.5

ql (btuh) Qty Use Factor

Description Area (ft2) LC, (Btu/hr/ft2)

Type of Lighting 940 7

Passenger Space Volume:
Space No:
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Passenger Space Exhaust Fan Total Pressure Calculation
Input Variables

Supply Air Temperature (TIN) = 88 °F
Humidity Ratio 0.0217 lb/lb dry air

Air In Specific Volume (rIN) = 14.29 ft³ / lb dry air
Supply air specific weight 0.070 lb/cu ft

Supply air viscosity 3.89E-07 lb-s/sq ft2

Supply air density 0.0022 slugs/cu ft

Max Temperature (TOUT) = 90.0 °F
Air out Specific Volume (rOUT) = 14.34 ft³ / lb dry air

Exhaust air specific weight 0.070 lb/cu ft
Exhaust air viscosity 4.02E-07 lb-s/sq ft2

Exhaust air density 0.0022 slugs/cu ft  

Description height width h/w eqiv hyd diam area length qty q v Re f K hL

(in) (in) dia (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Supply Ducting
Inlet Grill, 45 deg taper 6 6 - - 6.00 0.20 1 200 1019 4.74E+04 0.024 0.100 0.45
Elbow, R/D = 1.5 - - 6.00 0.20 1 200 1019 4.74E+04 0.024 0.330 1.48
Round Ducting - - 6.00 0.20 12 1 200 1019 4.74E+04 0.024 0.586 2.62

Tee, branch - - 4.00 0.09 1 100 1146 3.55E+04 0.027 0.500 2.83
Duct - - 4.00 0.09 8 1 100 1146 3.55E+04 0.027 0.638 3.61
Diffuser, L/D = 3 10 10 10.00 0.55 1 100 183 1.42E+04 0.030 0.200 0.03

Tee, branch 4.00 0.09 1 100 1146 3.55E+04 0.000 0.500 2.83
Round Ducting 4.00 0.09 4 1 100 1146 3.55E+04 0.027 0.319 1.81
Elbow 4.00 0.09 1 100 1146 3.55E+04 0.027 0.330 1.87
Diffuser, L/D = 3 10.00 0.55 1 100 183 1.42E+04 0.030 0.200 0.03

Segment total pressure 17.56

Description height width h/w hyd diam area length qty q v Re f K hL

(in) (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Exhaust Vent
Exhaust Grill, 45 deg Taper, 50% open 12.00 12.00 1.00 - 12.00 0.50 1 400 800 7.19E+04 0.021 0.100 0.28
Damper, D/Do = .9, 50 Deg 8.00 0.35 1 400 1146 6.87E+04 0.022 9.600 54.37
Ducting 8.00 0.35 12 1 400 1146 6.87E+04 0.022 0.404 2.29

Wye, Converging, 45 deg, main 6.00 0.20 1 500 2546 1.14E+05 0.022 0.130 3.64
Duct 6.00 0.20 8 1 500 2546 1.14E+05 0.022 0.352 9.84

Wye, Converging, 45 deg, main 6.00 0.20 1 600 3056 1.37E+05 0.022 0.130 5.24
Duct 6.00 0.20 4 1 600 3056 1.37E+05 0.022 0.173 6.97
Fan 6.00 0.20 1 600 3056 1.37E+05 0.022 0.000 0.00
Louver 10.00 10.00 10.00 0.52 1 600 1152 8.63E+04 0.021 3.600 20.61

Segment total pressure 103.23

FT in H2O
17.56 0.236

 103.23 1.389
120.79 1.626
138.90 1.869

6.00
0.20
600

3056
0.5411

1.328

Fan Dia (in)

supply air total pressure
exhaust air total pressure

Total 
15% design margin

Exhaust Fan Static Pressure

Fan area (ft2)
flowrate (cfm)
velocity (fpm)

fan velocity pressure
Static Pressure for fan selection (in H20)
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Deck Area: 175 ft2 1225 ft3

Height: 7 ft
Lighting Load Calculation

qs (btuh) qt (btuh)
1,225 1,225

Lighting Totals: 1,225 1,225
Equipment Load Calcultion
Description qs (btuh) qs (btuh) ql (btuh) qt (btuh)

14,626 7,313 7,313

Equipment Totals: 7313 0 7313
Personnel Load Calcultion
Description Gender qs (btuh) qs (btuh) ql (btuh) qt (btuh)
SEATED AT REST male 240 720 480 1,200
SEATED AT REST mixed 210

Personnel Totals: 720 480 1200
Ventilation  Requirements
Type Rate Qty OA (cfm) EX (cfm)

By Occupancy 15 3 people 45
Rate of Change 1 1225 ft3 20

Sanitary Fixtures 50 0 fixture
45

40 oF Cooling Outside Air Temp 88 oF
68 oF Cooling Design Temp: 72 oF

Heating and Cooling Load Calculation
Description Load 

Key
Insul 
Type

Area (ft2) T 
(°F)

ΔT U  or 
GSF

qw (btuh) T (°F) ΔT U  or 
GSF

qs (btuh) ql (btuh) qt (btuh)

Pilot House Top Over 090-D1 ☼↓ 150.0 40 28 0.238 1,000 123 51 0.274 2,096 2,096
Passenger Space Belw 090-U4 I↑I 155.0 68 0 0.260 72 0 0.282
Exterior - Weather (Solar) Fwd 090-H1 ☼↔ 104.0 40 28 0.259 754 108 36 0.287 1,075 1,075
Exterior - Weather Fwd 090-H2 W↔I 0.0 40 28 0.259 88 16 0.260
Exterior - Windows (Solar) Fwd 001-H1 ☼↔ 92.0 40 28 1.130 2,911 108 36 160 14,720 14,720
Exterior - Windows (Shaded) Aft 001-H2 W↔I 24.0 40 28 1.130 759 88 16 1.130 434 434
Exterior - Weather Aft 090-H2 W↔I 72.0 40 28 0.259 522 88 16 0.260 300 300
Exterior - Weather (Solar) Port 090-H1 ☼↔ 28.0 40 28 0.259 203 108 36 0.287 289 289
Exterior - Weather Port 090-H2 W↔I 28.0 40 28 0.259 203 88 16 0.260 116 116
Exterior - Windows (Solar) Port 001-H1 ☼↔ 16.5 40 28 1.130 522 108 36 160 2,640 2,640
Exterior - Windows (Shaded) Port 001-H2 W↔I 16.5 40 28 1.130 522 88 16 1.130 298 298
Exterior - Windows (Shaded) Stbd 001-H2 W↔I 33.0 40 28 1.130 1,044 88 16 1.130 597 597
Exterior - Weather Stbd 090-H2 W↔I 56.0 40 28 0.259 406 88 16 0.260 233 233

   
LIGHTS Lght    1,225 1,225
EQUIPMENT Eqpt    7,313 7,313
PERSONNEL Pers    720 480 1,200
Ventilation OA   88 16  749 2,848 3,596

Space Totals: 8,847 Totals: 32,805 3,328 36,132

Heating Outside Air Temp
Heating Inside Air Temp

Cooling SeasonHeating

Pilothouse
Space No:

Volume:

Description
LED lighting
 

175
Area (ft2)

7
LC, (Btu/hr/ft2)

Description
Low Occupancy

Type
1-P1
1-P2

160
140

Use Factor

Count
3
0

ql (btuh)

AC, Pilot House
cfm/person
ach
cfm/fixture

ql (btuh)
0.5

Unit

Misc Electronics,  (5 HP x 2545 / .87) 
Qty
1
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Main engines Heat Rejection, qe = 1,815.00 btu/min
Main engines Consumption Air, Qe = 1,856.20 cfm
Number of Engines Operating, Ne = 2.00

Generator Cooling Air, Vg  = 805.00 cfm
Generator Consumption Air, Qg = 114.00 cfm

Number of Engines Operating, Ng = 1.00

 Summer Air In Temperature (TIN) = 88.00 °F
Humidity Ratio 0.022 lb/lb dry air

Air In Enthalpy (hIN) = 45.03 Btu / lb
Air In Specific Volume (rIN) = 14.29 ft³ / lb dry air

Max Temperature (TOUT) = 115.00 °F
Air Out Enthalpy (hOUT) = 51.77 Btu / lb

Air out Specific Volume (rOUT) = 14.99 ft³ / lb dry air

Volume of Space (V) = 1,900 ft³
Minutes per air change (MA) = 10.00 min

Total Heat Rejection (Qe) = 3630 Btu / min
D Enthalpy (Dh) = 6.74 Btu / lb Dh= hOUT - hIN

Required CFM (Heat Load) = 8500 cfm CFM = (Qe / Dh x rIN) + Vg

cooling  air  (V)= 8,500 cfm (maximum of required airflows)
inlet air specific volume = 14.29 ft3/lb

exhaust air specific volume = 14.99 ft3/lb
expansion  = 4.93%
exhaust air = 8,919     cfm CFM = V / rIN * rOUT

cooling  air = 8,500 cfm (maximum of required airflows)
consumption air = 3,826     cfm
 total intake air = 10,413 cfm (50% combustion air from cooling air)

total exhaust air  = 6,701 cfm

Engine Room Ventilation

The minimum required airflow to the Engine Room is calculated based on  i) airflow necessary to dissipate heat 
given off by running equipment, and ii) minimum airflow of 6 air change per hour into the space.

Approach

Equipment Loads

Inlet Air Conditions

Exhaust Air Conditions

Other Givens

Calculated Airflow based on Total Heat Loads

Calculated Exhaust Airflow

Results
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Engine Room Total Pressure Calculation
Input Variables

Supply Air Temperature (TIN) = 88 °F
Humidity Ratio 0.0217 lb/lb dry air

Air In Specific Volume (rIN) = 14.29 ft³ / lb dry air
Supply air specific weight 0.070 lb/cu ft

Supply air viscosity 3.89E-07 lb-s/sq ft2

Supply air density 0.0022 slugs/cu ft

Max Temperature (TOUT) = 115.0 °F
Air out Specific Volume (rOUT) = 14.99 ft³ / lb dry air

Exhaust air specific weight 0.067 lb/cu ft
Exhaust air viscosity 4.02E-07 lb-s/sq ft2

Exhaust air density 0.0021 slugs/cu ft  

Supply air flow rate 10400 cfm
Exhaust air flow rate 6600 ft/min

Description height width h/w eqiv hyd diam area length qty q v Re f K hL

(in) (in) dia (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Supply Ducting
Inlet Demister 40 30 1.33 36.75 34.29 8.33 1 10400 1248 3.32E+05 0.016 5.500 36.95
Round Fabricated Fire Damper - - 30.00 4.91 1 10400 2119 4.93E+05 0.015 0.100 1.94
Fan - - 24.00 3.14 1 10400 3310 6.16E+05 0.016 0.000 0.00
Flexible Duct / Round Duct - - 32.00 5.59 0.50 1 10400 1862 4.62E+05 0.015 0.003 0.04
Discharge Aft to Gen, R/D = 1.5, 45 deg - - 32.00 5.59 1 10400 1862 4.62E+05 0.015 1.200 17.95
Screen (wire mesh) - - 32.00 5.59 1 10400 1862 4.62E+05 0.015 0.500 7.48

Segment total pressure 64.35

Description height width h/w hyd diam area length qty q v Re f K hL

(in) (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Exhaust Vent
Damper 27.00 20.00 1.35 22.98 3.75 1 6600 1760 2.90E+05 0.017 0.370 4.94
Inlet 27.00 20.00 1.35 22.98 3.75 1 6600 1760 2.90E+05 0.017 0.500 6.68
Rectangular ducting 40.00 28.00 1.43 - 32.94 7.78 10 1 6600 849 2.00E+05 0.017 0.062 0.19
Exhaust Louver with insect screen 42 42 1.00 - 42.00 9.19 1 6600 718 2.16E+05 0.016 3.600 8.01

Segment total pressure 19.83

FT in H2O
64.35 0.866
19.83 0.267
84.18 1.133
96.81 1.303

24.00
3.14

10400
3310

0.6074
0.696

supply air total pressure
exhaust air total pressure

Total 

flowrate (cfm)
velocity (fpm)

fan velocity pressure
Static Pressure for fan selection (in H20)

15% design margin

Supply Fan Static Pressure
Fan Dia (in)

Fan area (ft2)
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 Summer Air In Temperature (TIN) = 88.00 °F
Humidity Ratio 0.022 lb/lb dry air

Air In Enthalpy (hIN) = 45.03 Btu / lb
Air In Specific Volume (rIN) = 14.29 ft³ / lb dry air

Max Temperature (TOUT) = 90.00 °F
Air Out Enthalpy (hOUT) = 45.53 Btu / lb

Air out Specific Volume (rOUT) = 14.34 ft³ / lb dry air

Volume of Space (V) = 940 ft³
Minutes per air change (MA) = 6.00 min 10 ACH

Volume of Space (V) = 940 ft³
Air exchanges / min  (AC)= 6 min/AC

Required CFM(Air Exchange) = 157 cfm

Jet Room Ventilation

The minimum required airflow to the Jet Room is calculated based on minimum airflow of 10 air change per hour.

CFM = V/MA

Approach

Inlet Air Conditions

Exhaust Air Conditions

Other Givens

Calculated Airflow based on minimum air exchanges:
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Jet Room Total Pressure Calculation
Input Variables

Supply Air Temperature (TIN) = 88 °F
Humidity Ratio 0.0217 lb/lb dry air

Air In Specific Volume (rIN) = 14.29 ft³ / lb dry air
Supply air specific weight 0.070 lb/cu ft

Supply air viscosity 3.89E-07 lb-s/sq ft2

Supply air density 0.0022 slugs/cu ft

Max Temperature (TOUT) = 90.0 °F
Air out Specific Volume (rOUT) = 14.34 ft³ / lb dry air

Exhaust air specific weight 0.070 lb/cu ft
Exhaust air viscosity 4.02E-07 lb-s/sq ft2

Exhaust air density 0.0022 slugs/cu ft  

Supply air flow rate 200 cfm
Exhaust air flow rate 200 ft/min

Description height width h/w eqiv hyd diam area length qty q v Re f K hL

(in) (in) dia (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Exhaust Ducting
Gooseneck inlet with screen - - 4.03 0.09 1 200 2258 7.05E+04 0.024 1.400 30.78
4" Sch 40 pipe - - 4.03 0.09 5 1 200 2258 7.05E+04 0.024 0.364 8.01
Fan - - 4.00 0.09 1 200 2292 7.11E+04 0.024 0.000 0.00
Sudden Expansion, fan outlet - - 4.03 0.09 1 200 2258 7.05E+04 0.024 0.510 11.21
Screen - - 4.03 0.09 1 200 2258 7.05E+04 0.024 0.240 5.28

Segment total pressure 55.29

Description height width h/w hyd diam area length qty q v Re f K hL

(in) (in) (in) (sq ft) (ft) (cfm) (ft/min) (ft)
Supply Vent
Inlet - Projecting - - 4.03 0.09 1 200 2258 6.82E+04 0.025 0.550 12.09
4" Sch 40 pipe - - 4.03 0.09 5 1 200 2258 6.82E+04 0.025 0.366 8.04
Gooseneck outlet with screen - - 4.03 0.09 1 200 2258 6.82E+04 0.025 2.000 43.98

Segment total pressure 64.11

FT in H2O
55.29 0.744
64.11 0.863
119.40 1.607
137.31 1.848

4.00
0.09
200

2292
0.3043

1.544
fan velocity pressure

Static Pressure for fan selection (in H20)

15% design margin

Supply Fan Static Pressure
Fan Dia (in)

Fan area (ft2)

exhaust air total pressure
supply air total pressure

Total 

flowrate (cfm)
velocity (fpm)
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 DESCRIPTION 1

This appendix documents the first principles calculations used in designing the fuel oil system.  

These calculations are used to identify steady state frictional losses throughout the piping system 

and to validate system design.  

 PROCEDURE 2

Calculations are presented in the following sequence: 

 Pipe size calculations 

 Engine fuel pump suction pressure calculations 

Frictional losses through the piping system are calculated by constructing a model using PIPE-

FLO Professional software with the Darcy Weisbach method applied. 

 GIVEN AND ASSUMED PARAMETERS 3

 Maximum fuel flow rate to each main engine is 3.53 gpm, from [1]. 

 Maximum fuel flow rate to each generator is 0.16 gpm, from [2]. 

 Piping system lengths, routing, fittings, etc. are estimated based on the Profiles and 

Arrangements, and Fuel Oil Diagram [3] [4]. 

 Listed main engine fuel system design constraints [1]: 

Table 1: Main Engine Fuel System Design Constraints 

Engine  Maximum 

Allowable supply line restriction to main engine  4.37 psi 

Allowable return line restriction to main engine 3.93 psi 

 

 Pressure drop across the Racor 791000MAVM triplex fuel filter for a flowrate of 3.53 

gpm is 1 psi, from [5]. 

 Pressure drop across the Racor 1000MAM fuel filter is for a flowrate of .016 gpm is 0.03 

psi, from [6]. 

 Tank and engine elevations were estimated from [3],all elevations are in reference to the 

vessel's baseline: 

Table2: Elevations 

Elevation Point Elevation 

Fuel tank low fuel level  3.5 feet 

Fuel tank high fuel level  7.5 feet 

Main Engine fuel inlet 4 feet 

Main Engine  fuel outlet 5.8 feet 

Generator fuel inlet 4.25 feet 

Generator fuel outlet 4.8 feet 
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 FORMULAS 4

(not used) 

 CALCULATIONS 5

5.1 Pipe Size Calculations 

Pipe sizes are based on the nominal velocity limits found in Marine Engineering, Chapter 20, 

Table 3, [7].  The following table shows the flow rates of fuel occurring in the system, and the 

resulting pipe/tube sizes.  

Table 3: Fuel Oil System Pipe Sizes and Velocities 

 

5.2 Engine Fuel Suction Pressure Calculations 

The main engines are supplied with fuel pumps used to draw fuel from fuel tanks.  The attached 

system model confirms that the piping systems are compatible with the engines' fuel supply 

allowable line restriction requirements.  As listed above, the maximum fuel line restriction is 

4.37 psi.  The attached model shows the calculated pressure loss to be 1.95 psi. 

Due to the very low fuel flow rate of the generators compared to the fuel filter and tubing size, 

the calculated pressure loss for the generator fuel suction is 0.85 psi. 

5.3 Engine Fuel Return Pressure Calculations 

The attached model of the fuel system's return piping confirms that the backpressure at the main 

engines does not exceed the listed maximum value of 3.93psi.  The return line restriction at the 

main engines was found to be 1.35 psi. 

The generators fuel return line restriction was found to be 1.5 psi as shown in the attached 

model. 

 

 

Flow Rate Pipe/Tube Size ID V

gpm (NPS/0.065 Wall) in Nominal Limit ft/s

Fill Rate 50 2" Sch 80 1.940 6.96 12.00 5.29

Supply Main (2 me, 1 gen) 7.22 1.5" Tube 1.370 2.34 7.00 1.53

Return main (2 me, 1 gen) 7.22 1.5" Tube 1.370 5.85 12.00 1.53

Main Engine - Supply 3.53 1" Tube 0.870 1.87 7.00 1.86

Generator - Supply 0.16 0.5" Tube 0.370 1.22 7.00 0.46

Main Engine - Return 3.53 1" Tube 0.870 4.66 12.00 1.86

Generator - Return 0.16 0.5" Tube 0.370 3.04 12.00 0.46

Pipe Segment
Design Velocity (ft/s)
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 REFERENCES 6

 

[1]  Caterpillar, "C18 Systems Data," EM0270, 12/19/2016. 

[2]  Northern Lights, "ISM Toyota Mitsubishi Marine Genset Specs; Model M944T3," Feb 2016. 

[3]  Elliott Bay Design Group, "NCDOT Pedestrian Ferry: Profiles and Arrangements," 16109-

003-101-1, Seattle, WA. 

[4]  Elliott Bay Design Group, "NCDOT Pedestrian Ferry: Fuel Oil Diagram," 16109-003-261-1, 

Seattle, WA. 

[5]  Parker Racor, "Racor Products Catolog: Marine Fuel Filtration Products: 79/1000MAV". 

[6]  Parker Racor, "Racor Products Catolog:Marine Fuel Filtration Products: 1000MA". 

[7]  R. L. Harrington, Marine Engineering, Jersey City, NJ: SNAME, 1992.  
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 DESCRIPTION 1

This appendix documents the calculations used in designing the seawater cooling system.  These 

calculations establish minimum sea chest area and seawater suction pipe sizes. Estimated losses 

through the system piping are not calculated as the system heat exchangers are supplied by the 

engine manufacturers and all cooling lines discharge into wet exhaust systems designed and 

provided by others.   

 PROCEDURE 2

Calculations are presented in the following sequence: 

 Seawater pipe nominal velocity calculation 

 Sea chest cross sectional area 

Initial pipe sizes are based on the nominal velocity limits found in [1], Chapter 20, Table 3. 

 GIVEN AND ASSUMED PARAMETERS 3

 Seawater system is to be constructed of sch 40 aluminum pipe. 

 System pipe lengths, routing and fittings are estimated based on the Profiles and 

Arrangements, [2].  

 Total area of pipes connected to an individual sea chest is 7.393 square inches based upon 

one 3 inch sch 40 suction pipe. 

 FORMULAS 4

(not used) 

 CALCULATIONS 5

5.1 Pipe Nominal Velocity Calculation 

Pipe sizes are based on the nominal velocity limits found in [1].  Table 1 shows the flows 

occurring in all branches of the system, and the resulting pipe sizes: 

Table 1: Nominal Pipe Velocities 

 
 

 

Pipe Segment Flow Rate Pipe Size ID V

gpm (NPS) in Nominal Limit ft/s

Main Engine 100 3" Sch 40 3.068 5.25 15.00 4.23

Generator 11.3 1" Sch 40 1.049 3.07 15.00 4.09

Fire Pump 50 2" Sch 40 2.067 4.31 15.00 4.66

Main Engine & Generator 111.3 3" Sch 40 3.068 5.25 15.00 4.70

Jet Oil Cooler 4 1" Hose 1.000 5.00 15.00 1.59

Design Velocity (ft/s)
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5.2 Sea Chest Cross Sectional Area 

From the calculations below, the minimum cross sectional area for the sea chest is 51.6 square 

inches.   

 

 

REFERENCES 

 

[1]  R. L. Harrington, Marine Engineering, Jersey City, NJ: SNAME, 1992.  

[2]  Elliott Bay Design Group, "Profiles and Arrangements," 16109-003-101 , Seattle, WA. 

 

 

 

INPUTS

Units Used: US

A p  = 7.39 in2 Total area of pipes taking suction from sea chest

% fa  = 50% Strainer percent free (clear) area

Rmin= 1.5

R= 3 Chosen clear area ratio, not less than Rmin.

CALCULATION OF SEA CHEST CROSS SECTIONAL AREA

A sc  = Ap*R / %fa Sea chest cross sectional area

A sc  = 44.36 in2 Sea chest cross sectional area

ABS Required strainer clear area to suction area 

ratio.
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 DESCRIPTION 1

This appendix documents the calculations used in designing the fire main system.  These 

calculations establish required pump capacity and quantity in accordance with regulatory 

requirements.  Estimated losses through the system piping are calculated to establish the total 

dynamic head (TDH) of the fire pump.   

 PROCEDURE 2

Calculations are presented in the following sequence: 

 Fire main pipe nominal velocity calculation 

 Fire pump total dynamic head (TDH) 

Minimum fire pump capacity is based upon the requirements found in [1].  

Initial pipe sizes are based on the nominal velocity limits found in [2], Chapter 20, Table 3. 

Frictional losses through the piping system are calculated by constructing a model using PIPE-

FLO Professional software. 

 GIVEN AND ASSUMED PARAMETERS 3

 Fire main system is to be constructed of sch 40 aluminum piping. 

 System pipe lengths, routing and fittings are estimated based on the Profiles and 

Arrangements, [3].  

 In accordance with [1], the fire pump is required to produce 50 gpm with a 60 psig 

discharge pressure at the outlet of the pump.  

 System will be equipped with 1-1/2" UL listed fire hoses and USCG approved nozzles. 

 FORMULAS 4

(not used) 

 CALCULATIONS 5

5.1 Pipe Nominal Velocity Calculation 

Pipe sizes are based on the nominal velocity limits found in [2].  Table 1 shows the flows 

occurring in all branches of the system, and the resulting pipe sizes: 
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Table 1: Nominal Pipe Velocities 

 
 

5.2 Fire Pump TDH and NPSH Calculation 

From the attached PIPE-FLO model, the fire pump is required to produce about 150 feet TDH at 

the required flow rate of 51 gpm.   

REFERENCES 

 

[1]  USCG, "46 CFR, Chapter I, Subchapter T, Part 181 Fire Protection Equipment," 12/8/2016. 

[2]  R. L. Harrington, Marine Engineering, Jersey City, NJ: SNAME, 1992.  

[3]  Elliott Bay Design Group, "Profiles and Arrangements," 16109-003-101 , Seattle, WA. 

 

Flow Rate Pipe Size ID V

gpm (NPS) in Nominal Limit ft/s

Firemain Suction 50 2" Sch 40 2.067 4.31 15.00 4.66

Firemain Discharge 50 2" Sch 40 2.067 7.19 15.00 4.66

Firemain Branch 50 1-1/2" Sch 40 1.610 6.34 15.00 7.67

Pipe Segment
Design Velocity (ft/s)
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Sanitary Drains and Sewage Discharge 
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 DESCRIPTION 1

This appendix documents the calculations used in designing the sewage discharge system.  These 

calculations establish minimum discharge pipe sizes and required pump capacity.  Estimated 

losses through sewage discharge piping are calculated to establish total dynamic head required 

for the sewage discharge pump. 

 PROCEDURE 2

Calculations are presented in the following sequence: 

 Sewage discharge pump capacity calculations 

 Sewage discharge pipe nominal velocity calculations 

 Sewage pump total dynamic head (TDH) calculation 

Initial sewage pump capacity is based on the desire to empty the sewage-holding tank in 

approximately 5 minutes. 

Initial pipe sizes are also based on the nominal velocity limits found in [1], Chapter 20, Table 3. 

Frictional losses through the piping system are calculated by constructing a model using PIPE-

FLO Professional software. 

 GIVEN AND ASSUMED PARAMETERS 3

 Sewage discharge piping is to be constructed of aluminum. 

 System pipe lengths, routing and fittings are estimated based on Profiles and 

Arrangements [2]. 

 Shore side facilities are conservatively estimated as 50 feet of 2 inch hose and 200 feet of 

2 inch schedule 80 steel piping with a storage tank elevation of 20 feet. 

 FORMULAS 4

(not used) 

 CALCULATIONS 5

5.1 Sewage Discharge Pump Capacity Calculation 

The sewage pump capacity is based on the ability to empty the sewage-holding tank in 

approximately 5 minutes.  With a tank of 200 gallon this results in a pump capable of 

approximately 40 gpm. 

5.2 Pipe Nominal Velocity Calculation 

Initial pipe sizes are also based on the nominal velocity limits found in [1].  Table 1 shows the 

flows occurring in all portions of the system, and the resulting pipe sizes: 
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Table 1: Nominal Pipe Velocities 

 

5.3 Sewage Pump TDH Calculation 

From the attached PIPE-FLO model, the sewage discharge pump is required to produce about 36 

feet TDH at 40 gpm.   

 REFERENCES 6

 

[1]  R. L. Harrington, Marine Engineering, Jersey City, NJ: SNAME, 1992.  

[2]  Elliott Bay Design Group, "Profiles and Arrangements," 16109-003-101-1, Seattle, WA. 

 

Flow Rate Pipe Size ID V

gpm (NPS) in Nominal Limit ft/s

Pump Suction 40 3" Sch 80 2.900 5.11 15.00 1.89

Sewage Discharge 40 2" Sch 80 1.940 6.96 15.00 4.23

Pipe Segment
Design Velocity (ft/s)
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Bilge System



NCDOT North Carolina D. O. T. Pedestrian Ferry 3/3/17 

 

EBDG – NC, PLLC Job: 16109 By:  LGB 

16109-003-505-0 Rev. - Page:  F-2 

 

 DESCRIPTION 1

This appendix documents the calculations used in designing the bilge system.  These calculations 

establish required pump capacity and quantity in accordance with regulatory requirements.  

Estimated losses through bilge system piping are calculated to establish the total dynamic head 

(TDH) for all of the bilge pumps.   

 PROCEDURE 2

Calculations are presented in the following sequence: 

 Bilge pump capacity and quantity calculations 

 Bilge pipe nominal velocity calculations 

 Bilge pump TDH calculation 

Bilge pump capacity calculations are based on the requirements found in [1]. 

Initial pipe sizes are also based on the nominal velocity limits found in [2], Chapter 20, Table 3. 

Frictional losses through the piping system are calculated by constructing a model using PIPE-

FLO Professional software. 

 GIVEN AND ASSUMED PARAMETERS 3

 Each water tight compartment will be equipped with a submersible bilge pump. Each 

Engine Room will be equipped with two submersible bilge pumps. The forward most 

void will be equipped with a manual pump. 

 Bilge system is to be constructed of flexible hose and schedule 80 aluminum pipe. 

 Bilge overboard discharges are assumed to be 9 feet above baseline.  

 System pipe lengths, routing and fittings are estimated based on the Profiles and 

Arrangements, [3].  

 FORMULAS 4

(not used) 

 CALCULATIONS 5

5.1 Bilge Pipe Size and Pump Capacity Calculation 

From the attached calculations, each demi-hull is required to have a total bilge pump capacity of 

30 cubic meters per hour, or 136 gallons per minute. Each pump must have minimum capacity of 

7.7 cubic meters per hour, or 34 gallons per minute. However, per [1], the required minimum 

bilge pump capacity is 8 cubic meters per hour, or 35 gallons per minute.  
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5.2 Bilge Pipe Nominal Velocity Calculation 

Initial pipe sizes are also based on the nominal velocity limits found in [2].  Table 1 shows the 

flows occurring in all portions of the system, and the resulting pipe sizes: 

Table 1: Nominal Bilge Pipe Velocities 

 

5.3 Bilge Pump Total Head and Net Positive Suction Head (NPSH) Calculation 

From the attached PIPE-FLO model, each bilge pump is required to produce about 10 feet TDH 

at the required flow rate of 35 gpm.   

 REFERENCES 6

 

[1]  Lloyd's Register, "Rules and Regulations for the Classification of Special Service Craft," 

2015. 

[2]  R. L. Harrington, Marine Engineering, Jersey City, NJ: SNAME, 1992.  

[3]  Elliott Bay Design Group, "Profiles and Arrangements," 16109-003-101-0, Seattle, WA. 

 

Flow Rate Pipe Size ID V

gpm (NPS) in Nominal Limit ft/s

Bilge Hose 35 2" ID Hose 2.000 7.07 15.00 3.48

Bilge Overboard 35 1-1/2" Sch 80 1.500 6.12 15.00 6.19

Pipe Segment
Design Velocity (ft/s)
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Size of Bilge Main Suction Pipes 

Per Lloyd's Register Rules and Regulations for the Classification of Special Service Craft

Chapter 15, Section 12, Paragraph 12.3.1

Where a bilge main is fitted in each hull, it's internal diameter dm is not to be less than

that required by the following formula:

B = 9 feet 2.74 meters

D = 11.5 feet 3.51 meters

L = 92 feet 28.04 meters

dm = 47.24 mm 1.86 inch

Size of Bilge Branch Suctions

Per Lloyd's Register Rules and Regulations for the Classification of Special Service Craft

Chapter 15, Section 12, Paragraph 12.3.2

The diameter db of a branch bilge suction pipes is to be not less than that required

by the following formula

Space C (ft) C (m) db (mm) db (in)

Jet Room 10.00 3.05 29.50 1.16

Engine Room 22.00 6.71 37.71 1.48

Tank Room 32.00 9.75 42.90 1.69

Void 2 12.00 3.66 31.12 1.23

                     

where
B = breadth of a demi-hull in meters
D = moulded depth to the watertight deck, in meters
L = Length of craft in meters

                       

where
C = length of the compartment in meters
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Total Capacity Fixed Submersible Pumps 

Per Lloyd's Register Rules and Regulations for the Classification of Special Service Craft

Chapter 15, Section 12, Paragraph 12.4.5

Where fixed submersible bilge pumps are fitted, the total capacity, Qt of the pumps

in each hull is to be not less than that required by the following formula:

Qt = 30.8 m3/hr 136 gpm

Total Capacity Fixed Submersible Pumps 

Per Lloyd's Register Rules and Regulations for the Classification of Special Service Craft

Chapter 15, Section 12, Paragraph 12.4.6

The capacity Qn of each submersible pump is to be not less than required 

by the following formula:

N = 5

Qn = 7.7 m3/hr 34 gpm

   
    

      
           

   
  

     
        ]

Where
N = numbe r of fixed submersible pumps in each hull
Qt = Total Cacity as defined above
Qn is in no case to be less than 8 m3/hr
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Appendix G 
Potable Water 
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 DESCRIPTION 1
This appendix documents the calculations used in designing the potable water system.  These 
calculations were used to determine flow demand and pipe sizes for the potable water piping and 
to size the potable water pressure tank and pump. 

 PROCEDURE 2
Calculations are presented in the following sequence: 

• Demand water supply calculation 

• Potable water tank sizing calculation 

System sizing is based on the guidance found in Appendix A of Reference [1]. 

 GIVEN AND ASSUMED PARAMETERS 3

• The system is to be pressurized by a single pump which will cycle on at 40psig and off at 

60 psig. 

• The heads will be Headhunter brand with less than 1 gpm per flush. 

• The potable water consumers on the vessel: 2 heads, 2 lavatories, 1 sink in the food 

service area and 3 exterior hose bibs. 

 FORMULAS 4
The following formulas, taken from [2], are used to estimate the size of the potable water 
pressure tank: 

Eq 1: Supplemental Drawdown (gal)  
= (Peak demand (gpm) − pump capacity(gpm))
× 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 𝑇𝑖𝑚𝑒 (𝑚𝑖𝑛) 

Eq 2: Total Pressure Tank Volume  =  
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐷𝑟𝑎𝑤𝑑𝑜𝑤𝑛 +  𝑆𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝐷𝑟𝑎𝑤𝑑𝑜𝑤𝑛

𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒 𝐹𝑎𝑐𝑡𝑜𝑟
 

Eq 3: Acceptance Factor =  1 −  
𝑃1 (𝑡𝑎𝑛𝑘 𝑝𝑟𝑒𝑐ℎ𝑎𝑟𝑔𝑒)  +  14.7

𝑃2 (𝑐𝑢𝑡𝑜𝑢𝑡) + 14.7
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 CALCULATIONS 5
5.1 Demand Water Supply Calculations 

Table 1: Water Supply 

 

Demand flow from Chart A-3, Line 1 is 30 gpm, from [1].  This flow rate is for land side toilets 
that require 1.6 gpf.  The toilets to be installed use less than 1 gpf.  For a water system with 2 
heads a 10 gpm at 50 psi would be sufficient, per [3]. 

5.2 Pressure Tank Sizing Calculation 
Table 2: Pressure Tank Sizing 

 

The toilet manufacture recommends a pressure tank with at least a 2 gallon draw down for a 
water system with 2 heads [3].  For approximately 5 gallon drawdown, a 20 gallon pressure tank 
is needed. 

 

 

Water Supply Fixture 
Level Item Qty Units, Table A-2 Item Totals

Main Deck Food Service Sink 1 1.5 1.5
Lavatory 2 1 2
Hose Bib* 1 2.5 2.5
Hose Bib 2 1 2
Head 2 5 10
Total, 03 Deck: 18

Total WSFU for Vessel 18

30 GPM
7 GPM

*First hose bib is 2.5 WSFU, additional are 1.0

Excluding water closets, from  [1], Ch A-3, Line 2 
Supply demand, from  [1], Ch A-3, line 1

Item Qty Note / Reference
(1) Pump Capacity 10 gpm
(2) Minimum Drawdown 5 gallons

(4) Peak Demand Estimation 15 gpm
(5) Peak Demand Time 0.08 minutes
(6) P1 pressure tank precharge 40 psi
(7) P2 cutout pressure 60 psi

(9) Supplemental Drawdown 0.40 gallons Eq. 1:   [(4) - (1)] * (5)
(10) Total Required Drawdown 5.40 gallons Eq. 2:   (2) + (9)
(11) Acceptance Factor 0.27 Eq. 3: 1 - [[ (6) + 14.7 ]/[ (7) + 14.7 ]]
(12) Total Calculated Tank Size 20 gallons Eq. 4  (10) / (11)
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