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Actuation 
Subsystem

-Integrated

Structure 
Subsystem

-Dual Purpose

Key Features

-Mylar

Mirror 
Subsystem

-Versatile

Cost 
Summary

Agenda
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Main Design Focus
Unique Resources

Creative Ideation

Lower Manufacturing Cost
MYLAR
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MYLAR

MYLAR

What?
Polyester Film

95% Reflectivity
High Modularity

Why?
Low Cost

Lightweight/Portable
Flexible 

Where?
Dance Studios

Food Packaging
Greenhouses
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Product Overview
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Mirror Subsystem

Reflective Surface

• Mylar film

• Heat shrunk

• UV-resistant 
aluminum coating

• 5-year lifespan

• $0.94/block

Mirror Frame

• Carbon steel axles 
welded to the box

• 16 GA steel sheet 
metal

• Lift-resistant nails 

Foam Block

• PVC foam

• Rigid 

• Moisture-resistant

• $0.17/block

Key Features

• 4 heliostats

• 0.25 m x 1 m

• Replaceable 
mirror blocks
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Replacing Foam Mirror 
Blocks

1. Flip mirrors 180°

2. Remove all 8 nails

3. Use dowel to push 
blocks out

4. Press new blocks in

5. Push new nails in

Mirror Subsystem
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Mirror Customer Needs
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Thermal Input Power

𝑃 = 𝐶𝑟𝑁ℎ𝑒𝑙𝑖𝑜𝑠𝑡𝑎𝑡𝑠𝐴𝑚𝑖𝑟𝑟𝑜𝑟𝜂𝑜𝑝𝑡

𝐶𝑟 = 1000
𝑊

𝑚2

𝑁ℎ𝑒𝑙𝑖𝑜𝑠𝑡𝑎𝑡𝑠 = 4

𝐴𝑚𝑖𝑟𝑟𝑜𝑟= 0.25 𝑚2

𝜂𝑜𝑝𝑡 = 0.5

𝑃𝑚𝑜𝑑𝑢𝑙𝑒 = 500𝑊

1𝑀𝑊

500𝑊
= 2000 𝑚𝑜𝑑𝑢𝑙𝑒𝑠

Receiver

Heliostat Field

9



Department of Mechanical & Aerospace Engineering

Solar Concentration Ratio

𝑞𝑠𝑜𝑙𝑎𝑟 = 𝐺𝑏𝑛𝐶𝑔𝑒𝑜η𝑜𝑝𝑡

1000
𝑘𝑊

𝑚2 = 1
𝑘𝑊

𝑚2 ∗ 𝐶𝑔𝑒𝑜 ∗ 0.5

𝐶𝑔𝑒𝑜 = 2000

𝐶𝑔𝑒𝑜 =
𝐴ℎ
𝐴𝑟

=
𝑥

1𝑚2

𝐴ℎ = 2000𝑚2

𝑁𝑚𝑜𝑑𝑢𝑙𝑒 = 2000

10

receiver

Sun

Heliostats
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Actuation Subsystem

MG995 Servo Motor

• Torque: 7.4 lb-in

• Operation Voltage: 4.8V-
7.2V

• Operating Speed: 0.17 s/ 
60°

• Controls azimuth (360o)

Belt and Pulley

• 4 GT2 Timing Belts

• 8 GT2 6 mm Timing 
Pulleys

• Belt service life: 100,000 
miles 

• Belt static tension: 2 lbf 

• Synchronous movement

• Rubber cement glue

Nema 17 Stepper Motor

•Torque: 3.9 lb-in

•Operation Voltage: 5.3 V

•Rated Current/phase: 0.85 A

•Step Angle: 1.8°
•Controls altitude (113.2o)

Key Features

• Fits within PVC piping

• Withstands ambient temperature

• Both motors can be wired directly to 
the controller

11
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Actuation Customer Needs
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Required Motor Torque

Driving Torque Quantification

μ = coefficient of friction

N = normal load

Fos = factor of safety

r = distance to point of rotation

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝜇𝑁 =
𝜇𝑀

2

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 ∗ 𝐹𝑜𝑠 = 𝜇𝑀

𝜏 = 𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑟
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MG995 Servo Nema 17 Stepper

𝜏𝑠𝑒𝑟𝑣𝑜 = 0.08745 𝑙𝑏 𝑖𝑛
𝜏𝑀𝐺995 𝑠𝑡𝑎𝑙𝑙 = 7.4 𝑙𝑏 𝑖𝑛

𝜏𝑠𝑡𝑒𝑝𝑝𝑒𝑟 = 2.38 𝑙𝑏 𝑖𝑛

𝜏𝑁𝑒𝑚𝑎 17 𝑠𝑡𝑎𝑙𝑙 = 3.9 𝑙𝑏 𝑖𝑛
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Altitude Range Quantification

𝜃 = cos−1
𝐴

𝐵

𝐹𝑟𝑎𝑚𝑒 𝐻𝑒𝑖𝑔ℎ𝑡: 𝐴 = 19.2 𝑖𝑛

𝐹𝑟𝑎𝑚𝑒 𝐸𝑑𝑔𝑒 𝑡𝑜 𝐺𝑟𝑜𝑢𝑛𝑑: 𝐵 = 23 𝑖𝑛

𝜃 = 33.4°

𝐿𝑜𝑤𝑒𝑠𝑡 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 𝑢𝑛𝑑𝑒𝑟 ℎ𝑜𝑟𝑖𝑧𝑜𝑛 𝑙𝑖𝑛𝑒:

𝜑 = 90° − 𝜃 = 56.6°
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𝑇𝑜𝑡𝑎𝑙 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒: 180° + 2𝜑 = 293.2°
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Maximum Distance from Tower Quantification

𝑋 =
𝑌

𝑡𝑎𝑛𝜑

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑟 𝐻𝑒𝑖𝑔ℎ𝑡: 𝑌 = 100 𝑚

𝜑 = 56.6°

𝑇𝑜𝑤𝑒𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒: 𝑋 = 66 𝑚

15



Department of Mechanical & Aerospace Engineering

Control Board: HiLetgo ESP-32

16

5V Output

Antenna RF AMP 

Filter to cancel 

undesired signals 

CPU Speed: 2.4 GHz

Other Features

• Dual-Mode Wi-Fi and 
Bluetooth Capabilities

• Operating 
Temperature: −40℃
to 124℃
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Maximum Mirror Axle Deflection: GT2 Timing Pulley

𝑑𝑀

𝑑𝑥
= 𝑉 = 𝐹𝑚𝑖𝑟𝑟𝑜𝑟 + 𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >0− 𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

0

𝐵𝐶′𝑠: 𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 = 0

𝑦 𝑥 =
1

𝐸𝐼

1

6
𝐹𝑚𝑖𝑟𝑟𝑜𝑟𝑥

3 +
1

6
𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >

3−
1

6
𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

3

𝑦 𝐿𝑠ℎ𝑎𝑓𝑡 = 𝑦 3.5 𝑖𝑛 = 0.0009 𝑖𝑛
17

෍𝐹 = 0 = 𝐹𝑚𝑖𝑟𝑟𝑜𝑟 + 𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 + 𝐹𝑝𝑢𝑙𝑙𝑒𝑦

𝐹𝑚𝑖𝑟𝑟𝑜𝑟 = 6 𝑙𝑏𝑓

𝐹𝑝𝑢𝑙𝑙𝑒𝑦 = 2 𝑙𝑏𝑓

𝐹𝑏𝑒𝑎𝑟𝑖𝑛𝑔 = 8 𝑙𝑏𝑓

𝐸𝐼
𝑑2𝑦

𝑑𝑥2
= 𝑀



Department of Mechanical & Aerospace Engineering

Structure Subsystem

2-inch PVC

• Elbow & Tee joints

• PVC cement glue

• Lifetime 100 years

4-inch PVC

• 2 supports

• Concrete base 
grounded with rod

• Wires  

Cradle Mechanism

• Carbon Steel Axles 
(10 mm dia.)

• Motor in 4-inch 
rotates

• Welded and hex 
head screws 
secured 16 GA 
plate

18

Key Features

• Sealed from 
environment

• Houses actuation 
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Structure Customer Needs

19
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Bending Deflection of Cradle Due to Weight

20

𝐹𝑀 = 46.64𝑙𝑏 = 207.47𝑁

𝐿 = 1.5494 𝑚

𝐸 = 3,275 𝑀𝑃𝑎 𝑓𝑜𝑟 𝑃𝑉𝐶

𝐼 =
π

4
𝑟𝑜
4 − 𝑟𝑖

4 = 5170.58 𝑚

𝑎 = 𝑏 = 0.7747 𝑚

δ =
𝐹𝑎3𝑏3

3𝐿3𝐸𝐼
= 0.237𝑚𝑚

𝐹𝑚𝐹𝑚 𝐹𝑚

𝐹𝑀

𝐹𝑚

𝐿
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FOS for shafts from 4-inch PVC to cradle

𝑃𝑤𝑖𝑛𝑑 = 0.00256𝑉2

𝐹𝑤𝑖𝑛𝑑 =
𝐴𝑟𝑃𝑤𝑖𝑛𝑑𝐶𝑑

2

𝑀 = 𝐹𝑒𝑞𝑙

𝐼 =
𝜋

64
∙ 𝐷4

𝜎𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 = 420 𝑀𝑃𝑎

𝐶𝑑 = 1.28

21

Bearing

Shaft

PVC pipe

𝐹𝑒𝑞
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FOS for shafts from 4-inch PVC to cradle

22

𝐹𝑤𝑖𝑛𝑑 = 𝐴𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 ∙ 𝑃 ∙ 𝐶𝑑 = 0.131𝑉2 𝑁

𝐹𝑐𝑟𝑎𝑑𝑙𝑒 = 261𝑁

𝐹𝑒𝑞 = 𝐹𝑤𝑖𝑛𝑑
2 + 𝐹𝑐𝑟𝑎𝑑𝑙𝑒

2 = 0.131𝑉2 + 2612 (𝑁)

𝜎 =
𝑀𝑐

𝐼
=

0.131𝑉2 + 2612𝑁 ∙ 0.0365𝑚 ∙ 0.005𝑚
𝜋
64

∙ 0.01016𝑚4
𝑃𝑎

𝑛 =
𝜎𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒

|𝜎|

𝑉 = 91𝑚𝑝ℎ 𝑓𝑜𝑟 𝑁 = 2
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Lifting Force on Mirror Units

23

𝐿 = 𝐶𝑙
𝜌𝑉2

2
𝐴 𝑁

𝐶𝑙 = 𝑠𝑖𝑛 𝛼 𝑐𝑜𝑠 𝛼 𝐾𝑝𝑐𝑜𝑠 𝛼 + 𝜋𝑠𝑖𝑛 𝛼

𝛼 = 13° 𝐾𝑝 = 2.59

𝜌𝑎𝑖𝑟,𝐿𝑎𝑠 𝑉𝑒𝑔𝑎𝑠 = 1.1423
𝑘𝑔

𝑚3 (97℉)

𝑉𝑎𝑣𝑔 = 4 𝑚/𝑠

𝐿𝑎𝑣𝑔 = 6.47 𝑁

Parameters for flat plate lift and 

drag from Torres and Mueller 

𝜎𝑠𝑖𝑑𝑒 𝑜𝑓 ℎ𝑜𝑙𝑒 =
𝐿𝑎𝑣𝑔

𝐴𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛

𝜎𝑠𝑖𝑑𝑒 𝑜𝑓 ℎ𝑜𝑙𝑒 = 0.126 𝑀𝑃𝑎 < 𝜎𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒 = 55𝑀𝑃𝑎
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Structure Breached with Water

24

𝑞𝑐𝑜𝑛𝑣
′ =

𝑇𝑚 − 𝑇∞
𝑅𝑡
′

𝑇∞ = 93.8°𝐹
𝑇𝑚 = 68.8°𝐹

𝑅𝑡
′ = 0.8534

ℎ𝑟 𝑓𝑡 ℉

𝑏𝑡𝑢

𝑞𝑐𝑜𝑛𝑣
′ = −29.2946

𝑏𝑡𝑢

ℎ𝑟 𝑓𝑡

8092 𝑏𝑡𝑢

1 𝑔𝑎𝑙

ℎ𝑟

29.2946 𝑏𝑡𝑢
=
276 ℎ𝑟

𝑔𝑎𝑙

276 ℎ𝑟

𝑔𝑎𝑙
=
11.5 𝑑𝑎𝑦𝑠

𝑔𝑎𝑙
=
0.72 𝑑𝑎𝑦𝑠

𝑐𝑢𝑝

1

ℎ𝑖𝜋𝐷
(𝑊𝑎𝑡𝑒𝑟)

1

ℎ𝑜𝜋𝐷
(𝑃𝑉𝐶)

𝑇𝑚

𝑇∞
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All Subsystems Sealed from 
Environment

• Sealed ball bearings

• Epoxy to close holes 
with wires

• Caps over PVC to 
protect motors

Tower Location

• Receiver is 1 𝑚2

• Tower is 100 m tall

• Last row of modules is 
66 meters from tower

• Tower located on short 
side of module 

• Long side of the 
heliostat is along the 
East to West axis

Key Features

• Module area to 
reflecting = 1.48

• Easy access to 
attach/ assemble 
pieces

25
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All Subsystems Customer Needs

26
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Questionnaire to EML 4501 Instructor

27

Cost

4

Uniqueness

3

Durability

3
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Cost of Parts is Equal to or Less than OTS Parts

Custom Parts: Machined OTS Parts

28

Sheet Metal Box

Servo Motor Bracket Stepper Motor Bracket

Controller Bracket

Stepper Motor Axle

Servo Motor Axle
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Exterior Module Maintenance 
Cleaning

• Structure

• Sealed from environment

• Exterior materials are waterproof

• Not crucial to clean structure

• Mylar Mirrors

• Cleaned every 3 days with compressed air 

• Cleaned every 2 weeks with cleaning solution and rag 

• Heat shrunk back to its original form

29
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Cost Summary

Expense Prototype Cost Wholesale Cost

OTS Parts $66.32 $37.16

Modified OTS $38.56 $22.85

Raw Materials $15.48 $7.74

Manufacturing Labor $16.59 $16.59

Assembly Labor $15.17 $15.17

Energy Consumption $0.41 $0.41

Total $152.53 $99.92

30

OTS Parts: Motors, HiLetgo, Pulleys, Wiring, Hardware, 
Bearings, PVC connectors

Modified OTS: PVC piping, Steel Rods, Belts, Sheet Metal, 
Mylar, PVC Sheets, Foam Sheets

Raw Materials: Epoxy, PVC cement, Rubber cement

Manufacturing Labor: Laser water jet cutting, Bending, Welding, 
Brush applying, Drilling, Cutting, Shearing

Assembly Labor: Gluing, Fastening, Heat shrinking, Soldering

Energy Consumption: Welding, Drilling, Laser water jet cutter,
Band Saw
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Cost Savings Summary

Prices since the Pandemic

• PVC prices have 
approximately doubled

• Steel prices have risen 
126%

• Foam prices have risen 
by 35%

• Avoided retail prices 

• Prioritized 
purchasing from 
companies that offer 
free shipping

Buying in Bulk & 

Shipping

Raw Material & 

Inflation
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32

Assembly of Frame’s Inner Components

1st: Run Southwire from the stepper 
motor entrance to the servo motor 
through the 2-inch PVC pipe.

2nd: Attach servo motor to bracket and 
solder wiring for the second Southwire.

1ST Southwire

2ND Southwire

Assembled 

Servo Motor
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Assembly of Frame’s Inner Components

3rd: Insert ¼’’ steel shaft into bearing and 
secure pulley on it.

4th: Connect PVC fittings and run both 
Southwires through the medium size 2-
inch PVC pipe.

Pulley

Southwires

steel shaft
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Assembly of Frame’s Inner Components

5th: Use a hook to stretch belt over the 
second pulley.

6th: Repeat the process of installing 
pulley system and pulling Southwires 
through the 2-inch PVC pipe frame until 
the elbow joint is reached.

2nd Pulley

Belt
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Assembly of Frame’s Inner Components

7th: Run Southwires from the elbow joint 
to the exit hole at the HiLetgo.

8th: Feed wiring into the housing for the 
HiLetgo and solder wires together. Then, 
seal any frame openings with epoxy.

Southwires

Soldering
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Why prototype MIRLAR?

Cheap

DFMA

Simple 
Design

36



Department of Mechanical & Aerospace Engineering

Additional Details - Initiative 

Insight on importance level of differing needs Customer 

Background research and experience with Mylar in IndustryJena Dolinar

Additional feedback on early stages of design Dr. Niemi

37
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Questions?
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Backup Slides



Department of Mechanical & Aerospace Engineering

40



Department of Mechanical & Aerospace Engineering

Buckling of 4 in PVC pillars

41

𝐸𝑢𝑙𝑒𝑟′𝑠 𝐵𝑢𝑐𝑘𝑙𝑖𝑛𝑔 𝐹𝑜𝑟𝑚𝑢𝑙𝑎: 𝑃𝐶𝑅 =
𝜋2𝐸𝐼

𝐾𝐿 2

𝐸𝑙𝑎𝑠𝑡𝑖𝑐 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑃𝑉𝐶: 𝐸 = 400𝑘𝑠𝑖
Moment of inertia: I = 0.184 in^4

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑓𝑎𝑐𝑡𝑜𝑟: 𝐾 = 2
𝑃𝑜𝑙𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑎𝑏𝑜𝑣𝑒 𝑔𝑟𝑜𝑢𝑛𝑑: 𝐿 = 24 𝑖𝑛

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑 𝑓𝑜𝑟 𝑏𝑢𝑐𝑘𝑙𝑖𝑛𝑔: 𝑃𝐶𝑅
= 13000 𝑙𝑏𝑓

The cradle weights 58.64 lbf

The pillars will not fail under compression
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Interior Module Maintenance
Belts

• Timing belt tensioning

• How to check for proper tensioning: 

compression gage

• Static tension required: 2 lbf

• Infinite life span

• GT2 belts last up to 100,000 miles

• One means infinite liferevolution per day (<2 

ft) 

Electronics

• Servo & Stepper Motor

• Life span > 50 years

• HiLetgo

• Life span > 20 years

• Easily be rebooted

42
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How to Use a Compression Gage (Bestorq)

43
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Force Required to Examine Proper Belt Tensioning

44
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Maximum Mirror Axle Deflection: GT2 Timing Pulley

𝑑𝑀

𝑑𝑥
= 𝑉 = 𝐹𝑚𝑖𝑟𝑟𝑜𝑟 + 𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >0− 𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

0

𝑀 = 𝐹𝑚𝑖𝑟𝑟𝑜𝑟𝑥 + 𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >1− 𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >
1

𝐸𝐼
𝑑𝑦

𝑑𝑥
=
1

2
𝐹𝑚𝑖𝑟𝑟𝑜𝑟𝑥

2 +
1

2
𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >2−

1

2
𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

2 +𝐶1

𝐸𝐼𝑦 =
1

6
𝐹𝑚𝑖𝑟𝑟𝑜𝑟𝑥

3 +
1

6
𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >

3−
1

6
𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

3 +𝐶1𝑥 + 𝐶2

𝐵𝐶′𝑠: 𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 = 0

𝑦 𝑥 =
1

𝐸𝐼

1

6
𝐹𝑚𝑖𝑟𝑟𝑜𝑟𝑥

3 +
1

6
𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 < 𝑥 − 𝐿𝑏𝑒𝑎𝑟𝑖𝑛𝑔 >

3−
1

6
𝐹𝑝𝑢𝑙𝑙𝑒𝑦 < 𝑥 − 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 >

3

𝑦 𝐿𝑠ℎ𝑎𝑓𝑡 = 𝑦 3.5 𝑖𝑛 = 0.0009 𝑖𝑛 45

෍𝐹 = 0 = 𝐹𝑚𝑖𝑟𝑟𝑜𝑟 + 𝑅𝑏𝑒𝑎𝑟𝑖𝑛𝑔 + 𝐹𝑝𝑢𝑙𝑙𝑒𝑦

𝐹𝑚𝑖𝑟𝑟𝑜𝑟 = 6 𝑙𝑏𝑓
𝐹𝑝𝑢𝑙𝑙𝑒𝑦 = 2 𝑙𝑏𝑓 𝐿𝑝𝑢𝑙𝑙𝑒𝑦 =

𝐹𝑏𝑒𝑎𝑟𝑖𝑛𝑔 = 8 𝑙𝑏𝑓

𝐸𝐼
𝑑2𝑦

𝑑𝑥2
= 𝑀
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Laminar Flow: 𝑁𝑢𝐷 = 3.66

𝑅𝑡
′ =

1

ℎ𝑖𝜋𝐷
+

1

ℎ𝑜𝜋𝐷

ℎ𝑖 =
𝑁𝑢𝐷𝑘𝑤
𝐷𝑝𝑖𝑝𝑒

= 7.5916
𝐵𝑡𝑢

ℎ𝑟 𝑓𝑡2℉

ℎ𝑜 =
𝑁𝑢𝐷𝑘𝑃𝑉𝐶
𝐷𝑝𝑖𝑝𝑒

= 3.1732
𝐵𝑡𝑢

ℎ𝑟 𝑓𝑡2℉

8092 𝑏𝑡𝑢

1 𝑔𝑎𝑙

ℎ𝑟

29.2946 𝑏𝑡𝑢
=
276 ℎ𝑟

𝑔𝑎𝑙

276 ℎ𝑟

𝑔𝑎𝑙
=
11.5 𝑑𝑎𝑦𝑠

𝑔𝑎𝑙
=
0.72 𝑑𝑎𝑦𝑠

𝑐𝑢𝑝
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