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Instructors may customize the material to augment existing curriculum.

Contains the real world training materials that Technicians need to excel in the field.
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Disclaimer and Legal Notice
Diligence has been exercised in the production of this Instructor’s Lesson Plan for the Maria’s Restaurant Guide & Workbook.  The content is based on an industry consensus of recognized good practices.  The commentary, discussion, and guidance provided by this publication do not constitute a warranty, guarantee, or endorsement of any concept, observation, recommendation, procedure, process formula, data-set, product, or service.  ACCA and the document reviewers do not warrant or guarantee that the information contained in this publication is free of errors, omissions, misinterpretations, or that it will not be modified or invalidated by additional scrutiny, analysis, or investigation.  The entire risk associated with the use of the information provided by this Guide is assumed by the user.

ACCA does not take any position with respect to the validity of any patent or copyrights rights asserted in connection with any items, process, procedures, or apparatus which are mentioned in or are the subject of this lesson plan, and ACCA disclaims liability of the infringement of any patent resulting from the use of or reliance on this lesson plan.  Users of this lesson plan are expressly advised that determination of the validity of any such patent or copyrights, and the risk of infringement of such rights, is entirely their own responsibility.  Users of this lesson plan should consult applicable federal, state, and local laws and regulations. ACCA does not, by the publication of this lesson plan, intend to urge action that is not in compliance with applicable laws, and this document may not be construed as doing so.  Nothing in this lesson plan should be construed as providing legal advice, and the content is not a substitute for obtaining legal counsel from the reader’s own lawyer in the appropriate jurisdiction or state.
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Part 1: Curriculum Outline for Technician’s Guide & Workbook for Quality Installations
This course was inspired by HVAC contractors who requested more training material on the basics needed to complete the commercial design process. Their participation in editing and adding material have made this course unique in its execution.  The curriculum outline is intended for use by HVAC instructors at vocational-technical schools, HVACR training centers, and community colleges for introducing their students to industry-accepted design, measurement, and documentation procedures.  It has been designed to be a standalone introductory course or for more advanced use in conjunction with the following cited Manuals and Standards: 

· Manual N Commercial Load Calculations

· Manual CS Commercial Applications Systems and Equipment
· Manual Q Commercial low Velocity Duct System design
· Manual T Air Distribution Basics for Residential and Small Commercial Buildings

· Manual B Balancing and Testing Air and Hydronic Systems

· Technician’s Guide & Workbook for Quality Installations

· Technician’s Guide & Workbook for Duct Diagnostics and Repair
Course material covers many of the areas that are commonly taught in HVACR commercial design programs. Individual sections may be modified and used to fit into existing programs as an additional resource material. The full course is designed as an introductory 10 week or with additional coverage of duct design and/or load calculations it can be covered in a 1 semester format.  It contains twenty seven power point presentations with class worksheets or electronic Speedsheets designed for 60 minute classes. Three power points are a math review. The power point slide package address the basics of a design process and can easily be adapted to various levels of training. Each chapter (except Chapter 1 with two due to length) in the Guide & Workbook contains a group of questions called “Test Your Knowledge Study Questions”. The questions are designed to encourage class discussion and repeat important topics.  They make excellent homework assignments but should be covered in class in addition to the power points.  The instructor may select assignments from recommended options in Appendix sections based on the level of detail desired.  This outline is one of many possible based on the material covered.  Lessons 1 through 15 provide a quick overview of the basic commercial design process without getting bogged down in the details. Once students have completed those sections they should have a three dimensional vision of the end goal clearly in site. At that point adding in the details in the Appendices will make sense to them since they have an understanding of the pieces required to complete the overall plan.   
The outline format allows the instructor to expand the actual lesson plan to suit the needs of their students, and augment their available materials, or pre-existing lesson plans. At the end of the 15 basic lessons, a student will understand the basic minimum requirements for load calculations, equipment selection, duct design, diffuser selection, and documenting an HVAC installation. Additionally, there are three modules that may be used for math review. The math modules focus directly on techniques for solving field math problems specific to the curriculum.  One technique is to use the math modules in conjunction with the hands on class where and when the specific math is needed. Finally, the Guide & Workbook contain many appendices designed to be used in the field as reference materials.  For example altitude/temperature charts for air correction factors.
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Course Materials  

· Student Text Book: Marias Restaurant Technician’s Guide & Workbook
· Access as a class to a copy of Manual N for reference if the class is expanded to a semester.

· Access as a class to a copy of Manual CS for reference if the class is expanded to a semester.

· Access as a class to a copy of Manual Q for reference if the class is expanded to a semester.

· Access as a class to a copy of Manual T for reference if the class is expanded to a semester.

· Work Sheets or Speedsheets provided for each power point class section.

Instructor’s Resources
· 27 Power Point modules designed for 60 minute lectures (660 power point slides available through ACCA)

Includes, 3 math review sections (73 power point slides) specifically designed to show students how to easily get answers for all of the math problems found in the Maria’s Restaurant Guide & Workbook. 
· 24 worksheets or Speedsheets designed to be use by students in class, and educator’s worksheets/answer-sheets are included for free on the ACCA Educator’s web page along with the completed Load Calculations on Manual N Speedsheets and completed Manual Q duct design calculations and blank work sheets for students.

· A 30 page Teacher’s Answer Addenda and Guide for questions in the Guide & Work book are included in this lesson plan (pages 9-39) exam listed in order of Guide & Workbook’s chapters (pages 38-44)

Review Copies for the Maria’s Restaurant Guide & Workbook are available upon Request. Contact Don Prather at donald.prather@acca.org or by phone at 703-824-8867
See also, Part 4 of this volume.
Lesson Plan Outline
Individual Power point lesson may or may not take an entire hour because, they are dependent on the speed at which the students finish the handout worksheets.  Any time the lesson needs to be lengthened the Test Your Knowledge Study Questions in the Guide & Workbook can be used (answer sheets follow this section in this document).  The study questions are designed to encourage class discussions. Additionally, the lessons numbered 25, 26 and 27 are math reviews and they can be inserted in the lesson plan when a math review would help students understand the calculations.
Power Point 1 for Day 1 – Load Calculations and Exhaust Air (60 minutes presentation) 
(24 power point slides)
Class content:
· Handout worksheet 1
· Background information on design process
· Explanation why the QI procedures are important to do 

· Exhaust Totals:

· Math work sheets for exhaust hood totals
· Field Note on exhaust fan direction
Power Point 2 for Day 2 – Weather Data R-Value and U-Values (60 minutes presentation)

(14 power point slides)
Class content:

· Handout worksheet 2.
· Outside air calculations
· Manual N 

· weather data

· U-Values & R-value

· Field Note on design dates and equipment capacities
Power Point 3 for Day 3 – HTM and Load Btuh (60 minutes presentation)

(20 power point slides)
Class content:

· Handout worksheet 3
· HTM Calculations
· Manual N 

· Building Assembly Btuh & HTM

· Field Note on construction changes and load
Power Point 4 for Day 4 – ERV and Economizers (60 minutes presentation)

(29 power point slides)
Class content:

· Handout worksheet 4.
· ERV
· Economizers

· Air damper positioning

· Field Note on damper settings 
Power Point 5 for Day 5 – Loads in Other Locations (60 minutes presentation)

(24 power point slides)
Class content:

· Handout worksheet 5.
· Load tables for Denver CO, Detroit MI, and San Antonio TX. 
· Sensible & Latent Heat.
· SHR.
· Field notes on Load calculation data.
Power Point 6 for Day 6 – Equipment Selection Background and Building Pressurization (60 minutes presentation)

(20 power point slides)
Class content:

· Handout worksheet 6.
· Background on equipment selection information. 
· Sketch of Zone 1 equipment.
· Sketch of Zone 2 equipment.
· Building pressurization and depressurization.
· Field notes on building pressurization problems.

Power Point 7 for Day 7 – Name Plate Data and Load Review (60 minutes presentation)

(24power point slides)
Class content:

· Handout worksheet 7.
· Load Review.

· Name Plate data. 
· Expanded Equipment data.
· Interpolation.
· Field notes on equipment slapped is without setting to design.
Power Point 8 for Day 8– Expanded Equipment Data (60 minutes presentation)

(24 power point slides)
Class content:

· Handout worksheet 8.
· Load Review.

· Expanded Equipment data 
· Latent , sensible, and total heat
· Field notes on equipment design change when fan speed is changed.

Power Point 9 for Day 9– Sensible and Latent Heat, SHR and Comfort Chart (60 minutes presentation)

(16 power point slides)
Class content:

· Handout worksheet 9.
· Latent capacity. 

· Dehumidification and humidification.

· kW and CFM from OEM Charts 
· SHR
· Comfort zone on Psychrometric chart.
· Field notes on comfort and humidity issues.

Power Point 10 for Day 10– Introduction to manual Q (60 minutes presentation)

(21 power point slides)
Class content:

· Handout worksheet 10.
· Manual Q Introduction. 

· Duct design implications when done wrong.

· Calculating ESP, Bhp and RPM from OEM Charts 
· Duct Sketch
· Friction Rate Calculation
· Field notes RPM and Bhp 

Power Point 11 for Day 11–Friction Rate and CFM to FPM (60 minutes presentation)

(19 power point slides)
Class content:

· Handout worksheet 11.
· Duct Sizing. 

· Inlet and outlet sizing for Maria’s restaurant.
· Calculating CFM to FPM
· Friction Rate Calculation
· Field notes on duct undersized 

Power Point 12 for Day 12 –Duct Fittings and Calculations (60 minutes presentation)

(29 power point slides)
Class content:

· Handout worksheet 12.
· Duct Fittings and Calculations

· C-Value
· Duct pressure drop
· Loss Item Total
· Field notes on undersized duct diagnostics
Power Point 13 for Day 13 –Airflow Calculations and Dampers (60 minutes presentation)

(19 power point slides)
Class content:

· Handout worksheet 13.
· Dampers 

· Airflow Calculations and Duct Sizing

· Planning for Installation and balancing  
· Air distribution summary
· Field notes on return duct issues

 Power Point 14 for Day 14 –Manual T Introduction (60 minutes presentation)

(19 power point slides)
Class content:

· Handout worksheet 14.
· Manual T Introduction

· Supply diffuser chart values

· Supply diffuser design lay out 

· Supply diffuser types
· Field notes on registers & grilles
Power Point 15 for Day 15 –Supply air deflection, Return Air Grilles, and Filter Selection (60 minutes presentation)
(19 power point slides)
Class content:

· Handout worksheet 15.
· Deflection and Throw

· Return Grilles

· Filter Design
· Field notes on comfort

Power Point 16 for Day 16 –Structural Building Loads (60 minutes presentation)

(25 power point slides)
Class content:

· Handout worksheet 16.
· Window & Glass Door Load Values

· Roof & Ceiling Load Values

· Wall & Floor Load Values

· Field notes on design change during construction
Power Point 17 for Day 17 –Internal Loads Zone 1 (60 minutes presentation)

(22 power point slides)
Class content:

· Handout worksheet 17.
· Refrigerator load values

· Ice maker load values

· Small appliance loads

· Office equipment & lighting load values

· Field notes on adding a kitchen in an office area.
Power Point 18 for Day 18 –Internal Loads Zone 2 (60 minutes presentation)

(35 power point slides)
Class content:

· Handout worksheet 18.
· Sandwich prep refrigerator load values

· Deep fat fryer load values

· Oven and flat top load values

· Walk in and reach in Refrigerator and freezer load values

· Dishwasher load values

· Small appliance & lighting Load Values

· Field notes on a common kitchen humidity problem.
Power Point 19 for Day 19 –Zone 1 Speedsheet Loads (60 minutes presentation)

(37 power point slides)
Class content:

· Handout Speedsheet 19 (computer access needed).
· Basic location information

· Internal gains

· Ventilation

· Design Temperatures 

· Door and window details

· Wall details

· Floor & Ceiling/roof details

· Field notes on consequences of fudging numbers on a Speedsheet load calculation.
Power Point 20 for Day 20 –Zone 2 Speedsheet loads (60 minutes presentation)

(26 power point slides)
Class content:

· Handout Speedsheet 19 (computer access needed).
· Basic location information

· Internal gains

· Ventilation

· Design Temperatures 

· Door details

· Wall details

· Floor & Ceiling/roof details

· Field notes adjusting duct loads to zero on a Speedsheet.

Power Point 21 for Day 20 (or for up to 6 days when combined with 22) –Zone 1 Speedsheet loads (60 minutes presentation)

(39 power point slides)
Class content:

· Handout Manual Q duct pressure drop Table 21.
· HVAC equipment pressure losses.

· Calculations for straight runs.

· Calculations for duct fitting pressure loss.

· Pressure loss table.

· Fitting selection vs motor hp.

· Field notes adjusting duct loads to zero on a Speedsheet.

Power Point 22 for Day 22 –Zone 2 Speedsheet loads (60 minutes presentation)

(22 power point slides)
Class content:

· Handout Manual Q duct pressure drop Table 21.
· HVAC equipment pressure losses.

· Calculations for straight runs.

· Calculations for duct fitting pressure loss.

· Pressure loss table.

· Fitting selection vs motor hp.

· Field notes adjusting duct loads to zero on a Speedsheet.

Power Point 23 for Day 23 –Exhaust System Design (60 minutes presentation)

(24 power point slides)
Class content:

· Handout 23 duct design questions.
· Exhaust Duct Types.

· Exhaust Hood CFM requirements by code.

· Exhaust system and makeup airflow balance.

· Dedicated outside air systems.

· Field notes adjusting and measuring airflow in kitchen systems and restaurants.

Power Point 24 for Day 24 –Outside Air Requirements (60 minutes presentation)

(33 power point slides)
Class content:

· Handout 24 outside air design questions.
· Code requirements.

· ASHRAE 62.1 design example based on size and occupancy.

· IMC air change per hour calculations

· ERV efficiency calculations.

· Two speed exhaust calculations.

· Field notes on equipment sizing based limitations on outside air maximum adjustments.
Power Point 25 for any day as required –Calculator Use (60 minutes presentation)

(14 power point slides)
Class content:

· Handout 25.
· Calculator keys plus the decimal point.

· Squares and square roots.

· Y to the X button examples.

Power Point 26 for any day as required –Multiplication, Division, Using Formulas, and Conversion Factors (60 minutes presentation)

(38 power point slides)
Class content:

· Handout 26.
· Multiplication and division review.

· Calculating areas.

· Calculating volumes.

· Using conversion factors.

· Working with equations.

Power Point 27 for any day as required –Interpolation (60 minutes presentation)

(21 power point slides)
Class content:

· Handout 27.
· Interpolation

Test Your Knowledge Study Questions

1. Which Rule of thumb would you use in a restaurant heating and cooling design?

No Rules of Thumb should be used. 
2. Why is right sizing important?

Something Similar to these items:

Right up front, larger equipment costs more. Then, the larger equipment requires other larger items that will in turn cost more because everything down stream will need to be larger too: electrical load and wire sizing, copper refrigeration tubing, venting materials, grilles, diffusers, ducts and duct parts like dampers and 90s possibly even additional roof support for the heaver equipment. To make things worse, oversized equipment provides poor comfort and humidity control.
3. What are the local weather design conditions for Maria’s Restaurant and why are they important to use for load calculations?

Winter 44°F outside temperature; 70°F inside temperature.

Summer 88°F outside temperature; 3 grains; 75°F inside temperature at 50% relative humidity.

The load calculation is based on the heating and cooling requirements on a design day.

4.  When does HVACR equipment consume the most power?

Equipment consumes the most power at start up.

5. What is a block Load and how is it often used?

A block load will often be completed for early, ballpark estimates during the bidding process. The block load only considers the building’s exterior walls, roof, and floors, and minimum code requirements.
6. What does HTM mean?

Heat transfer multiplier.

7. If you have a cooling HTM of 1.3 and a heating HTM of 2.6 what are the heating and cooling loads for a 57 ft2ceiling assembly?

Cooling load = 57 × 1.3 = 74.1 Btuh; Heating load = 57 × 2.6 = 148.2 Btuh

HANDS ON FIELD EXERCISES

1. Visit a local open kitchen restaurant and list the kitchen equipment types and sizes. 

Appendix A contains a list of the kitchen equipment for Maria’s restaurant. The focus should be on obtaining a Btuh rating for each piece of equipment identified (Manual N values should be pointed out)

2. Look up design day data for Anchorage Alaska and Miami Florida and compare it to your location for the roof or an exterior wall HTM from the restaurant or kitchen visited. 

1st Manual N exercise, can fill in the top of existing load calculation and identifying the differences.
Test Your Knowledge Study Questions

1. Explain why economizer air settings are important?

Economizer settings often include the minimum outside air setting, the operating outside air settings as well as the wide open economizer setting. Thus, proper settings make sure the system is operating economically and the airflow is balanced in the building’s sections

2. What creates the largest heat loss in Maria’s restaurant?

Ventilation air requirements are the largest heat loss for the restaurant.

3. What creates the largest heat gain in Maria’s restaurant?

Internal gains is the largest heat gain in Zone 2 and in the total restaurant.  In Zone 1, the 

largest heat gain is ventilation 9close seconed in Zone 2)  

4.  How does zone pressurization affect a kitchen area with an exhaust hood?

In over-pressurization the kitchen odors might travel back into the restaurant’s dining area.

5. How does zone depressurization affect a kitchen area with an exhaust hood?

In under-pressurization situations, the exhaust hoods may not get the required airflow, and contaminants can be sucked into the kitchen through openings such as cracks in walls. 

6. What does an economizer for an HVAC system do?

It allows the building to be comfort conditioned by outside air when the outside air temperature and humidity are within the design range. 

7. Explain what sensible and latent heat are.

Sensible Heat is heat you can feel or measure on a thermometer. So, as you add heat, the temperature rises. When heat is removed the opposite happened and it becomes measurable cooler. Latent heat happens when a pure substance, like water, changes to-or-from a gas into a liquid, or changes to-or-from a liquid into a solid, or changes to-or-from a solid to a gas. At the point of change, there is no measurable (sensible) temperature change.

HANDS ON FIELD EXERCISES

1. Do an inspection of commercial equipment identify the economizer; measure airflow through the economizer in the minimum airflow setting (then others). Check on other settings too. 

Can be quiet eye opening how hard it is to get this airflow calculation in some locations. 

2. Do a Manual N Speedsheet load calculation for Maria’s restaurant.

Can use another kitchen area like the one data was gathered in, if you want to.
Test Your Knowledge Study Questions

1. Using Table 16 in this section, would there need to be auxiliary heat added if the restaurant was located in an area where the outside design temperature was 25OF?

From table 3 in the previous chapter:  For Zone 1 the heating load is 34,383 Btuh; Table 10 A at 25 OF and 2,400 CFM is 56.4 Btuh and will cover the heating.For Zone 2, the heating load is: 107,474 Btuh; Table 10 B at 25 OF and 3,200 CFM is 76.1 Btuh and will not cover the heating.
2. Explain why understanding how to do an interpolation is important when using OEM tables and charts:

Often one needs to be more accurate than a midrange guess.

3. What type of compressor does the 10-Ton Multi-Stage Air Volume (XHP 10-86Z) rooftop package unit have?  

Scroll from Table 8

4. Why is an airflow diagram needed for Maria’s restaurant?

The Kitchen side or Zone 2 requires a slightly positive pressure with regards to the outside, and Zone 1 needs to be positive to Zone 1 and the outside. Thus, an irflow diagram for all fan setting positions is needed. Note Figure 13 shows the Zone 1 design airflows, and Figure 14 shows the Zone 2 supply and exhaust design.

5. For cooling, a design calls for a sensible load of 85,000 Btuh and a latent load value of 12,000 Btuh, what is the total load?

85,000 sensible heat + 12,000 latent heat = 97,000 Btuh Total heat.

6. For cooling, a design calls for a sensible load of 85,000 Btuh and a latent load value of 12,000 Btuh what is the SHR, and does the SHR value indicate additional moisture removal will be required?

SHR = Sensible heat ÷ total heat; SHR = 85,000 ÷ 97,000 = 0.895

7. Using Figure 17 tell why or why not 70 OF at 25% relative humidity would seem comfortable to most people:

The point on the chart is below the red shaded area thus it would seem uncomfortable to most people. 

HANDS ON FIELD EXERCISES

1. Take an Existing Manual N Speedsheet, change the state and city locations, and compare the load values. 

Use local values and see if the equipment selected will work for heating and cooling

2. Do a drawing/sketch of a commercial exhaust system and the makeup air’s pathway


A smoke pencil or incense stick can be used to check out airflow patterns. 

Test Your Knowledge Study Questions

1. How would you calculate a design friction (FR) rate for a commercial duct system?

For Discussion:

The general guidance in manual Q and ACCA’s duct slide rule guide book is a value between 0.08 and 0.20 should be used for a low velocity duct design friction rate.  Maria’s restaurant’s designer used a smaller FR to decrease motor amperage draw and size.

2. Explain how increasing the design friction rate (FR) will change the duct sizing.  

As the friction rate gets larger the duct size gets smaller.

3. What happens if the return duct pathway is blocked from a room or area? 

To work properly the air must have an unblocked pathway back to the return from the supply outlet.

4.  What outcomes could be expected for Maria’s restaurant if the duct sizing and location is not done properly?

Noise, drafts, comfort issues, hot & cold spots, added operating expense, possible mold growth, or other problems.

5. Explain why the total for duct design airflows, when added up, may be more than the HVAC system can provide in either heating or cooling.

The duct is designed for the peak Btuh converted to CFM which can be in either heating or cooling. Thus, the total is the sum of peak values not total CFM for heating or cooling.

6. Why is it important to know how many fittings and the fitting type for each duct run?

The total pressure drop for the duct branches cannot be calculate without them.

7. Name five acceptable methods for designing commercial duct systems.

Equal friction method; Modified equal friction method; extended plenum method; Semi-extended plenum method; Static regain method. 

HANDS ON FIELD EXERCISES

1. Take a friction rate (FR) and look at the velocity of airflow for various round duct sizes using a duct slide rule. 

One trick is to have them size a group of ducts with odd sizes, and explain what size they would round to.

2.
Calculate rectangular duct equivalent sizing for the round duct sizes in exercise 1.

This one will teach them how to use the ACCA duct slide rule’s two conversion charts (one may be more accurate to read than the other. A good exercise is to convert the round duct and the rectangular duct to square inches and discuss why the rectangular converted duct is larger.

3.
Measure the added pressure drop for different fittings.

Set up some duct in a lab and measure pressure drops for 90s with and without turning vanes, and other fittings. 

Test Your Knowledge Study Questions

1. Name 5 things that you would need to find in a diffuser manufacturers technical literature to properly select the correct size and shape.

5 from the list:

Face Velocity, Pressure Losses, Throw, Spread, Maximum Temperature differential, Ceiling height, diffuser type, CFM range.

2. Explain why you might need to know the diffuser size before you complete the duct design.

The diffuser pressure drop when added into the duct design improves the design’s accuracy.  A bad or wrong diffuser selection (for design by a designer or architect)may cause the duct design to fail.

3. What is the difference in diffuser locations for heating and cooling dominated climates? 

For the winter, select:

· Ceiling supply registers/diffusers with enough vertical “throw” to maximize the mixing of warm buoyant supply air with room air before the warm air floats up and stratifies at the ceiling.  Rooms with very high ceilings need special attention to this performance factor.

· Floor supply registers/diffusers with enough horizontal “spread” to ensure that warm supply air mixes well with room air as it rises to the ceiling.

For the summer, select:

· Ceiling supply registers/diffusers with enough horizontal “spread” to ensure that the cool supply air mixes with the room air before it settles near the floor. 

· Floor supply registers/diffusers with enough vertical “throw” to ensure cool air gently hits the ceiling, and tumbles to mix the cool conditioned air with warmer room air. 

4. Using Table 20 values, if we select a standard drop in ceiling 24 ×24 ceiling diffuser and it is supplying 1,500 CFM of airflow what will the sound level be?

NC 35 (noise will be minimal at the medium noise criteria range)

5. What is the velocity through a filter that has 6,000 CFM passing through an area of 5 ft2?

V FPM= CFM ÷ Ft2; V = 6,000 ÷ 5 = 1,200 FPM.

6. Using the filter FPM calculated in question 5 above, explain how that filter will affect the HVAC system.

That filter will be undersized and cause the airflow for the system to be low because filters are usually rated in the 200 FPM per ft2 range. 

7. Looking at Figure 31, what is the airflow in FPM at 5 feet of throw; 20 feet of throw; and 25 feet of throw?
At 5 ft. of throw it is in the 150 fpm range, at 20 ft. of throw it is in the 100 fpm range, and at 25ft it would be in the 50 fpm range.

HANDS ON FIELD EXERCISES

1. Using a duct manufacturer’s tables, select diffusers for different applications.

Diffusers, or return grilles can be used and the pressure drops for a design value can be compared.

2.
Measure the FPM at various distances and angles from a diffuser and make a sketch of the 
flow and deflection.

Can be done with different diffusers found around the classroom and, different diffusers on labe equipment.

Educator Answers for Worksheet 1 Chapter 1 Maria’s Restaurant

Exhaust Air and Outside/Makeup Air Calculations

	
	Size
	Exhaust CFM

	Kitchen Exhaust Hood
	11.5 linear ft.
	3,450

	Dishwasher Exhaust Hood
	3 linear ft.
	600

	Men’s/Woman’s Bathroom
	10 ft. x 12 ft./11ft. x 12 ft.
	250/250

	Totals
	
	4,550


If you were provided with the table above and did not have a code book available how would you determine the amount of airflow required if a piece of cooking equipment was removed and the kitchen exhaust hood size was changed to 10 linear feet?

3,450 ÷ 11.5 = 300 CFM per linear foot; Thus 300 × 10 = 3,000 CFM

If you were provided with this table and did not have a code book available how would you determine the amount of airflow required if the dishwasher hood size was changed to 4 linear feet?

600 ÷ 3 = 200 CFM per linear foot; Thus 200 × 4 = 800 CFM
If the two previous were made and the bathroom exhaust remained at 500 CFM, what would the new total exhaust be?

3,000 + 800 + 500 = 4,300 CFM 

If an exhaust hood that was 11.5 linear feet long had the requirement of 550 CFM per linear foot due to extra heavy usage from because it covered a mesquite wood charbroiler, what would the exhaust fan total in CFM need to be?

11.5 × 550 = 6,325 CFM
Field Notes:

A brand new kitchen hood and exhaust duct system installed in a Chinese restaurant was not removing enough air resulting in smoke from the fryers and grilles getting into the cooking space. 

Pulley and belts were changed to increase the airflow: still not enough airflow out through the exhaust hood. 

A Technician finally checked the exhaust fan motor for direction, and found out it was running backwards.  

The wiring was done by an electrician who did not know that a fan turning in the wrong direction moves less air. 
The motor wiring was changed so the direction was reversed, and the problem was solved.

Educator Answers for Worksheet 2 Chapter 1 Maria’s Restaurant Exhaust Air and Outside/Makeup Air Calculations
Another restaurant where the outside air design is unknown has a sign saying 92 people maximum occupancy and you want to know what the fresh air makeup should be.  When measured the restaurant area is 110 ft. by 476 ft. The local code requirement is for 0.12 CFM per square ft. of restaurant area plus 7.5 CFM per person.  

First the airflow for occupants is 92 × 7.5 = 690 CFM; 

Second, the total square footage is 110 × 476 = 52,360 ft2

Third, CFM per square foot = 52,360 × 0.12 = 6283.2 CFM

Total outside/makeup air required is: 690 + 6283.2 = 6973.2 CFM
A kitchen has 6 workers in it and you want to know what the minimum fresh air makeup should be by code.  When measured the restaurant area is 20 ft. by 100 ft. The local code requirement is for 0.18 CFM per square ft. of restaurant area plus 7.5 CFM per person.

First the airflow for occupants is 6 × 7.5 = 45 CFM; 

Second, the total square footage is 100 × 20 = 2,000 ft2

Third, CFM per square foot = 2,000 × 0.18 = 360 CFM

Total outside/makeup air required is: 360 + 45 = 405 CFM
Find The U-Value for an insulating material with an R-Value of 30.
U-Value = 1 ÷ 30 = 0.3333…

Find The R-Value for an insulating material with a U-Value of 0.06666.
R-Value = 1 ÷ 0.06666 = 15

Field Notes:
Knowing the current local code requirements and Manual N local design requirements helps technicians identify errors made by engineers and installers for new equipment. However, it is important to remember the HVAC equipment often is limited in its capability and may meet the code requirements for when it was installed but not the new ones.  Thus, care must be taken to apply the correct design requirements based on the code that was in place when the equipment was installed. 
Educator Answers for Worksheet 3 Chapter 1 Maria’s Restaurant Heat Transfer Multiplier (HTM)

Table 2 in Chapter 1 of Maria’s Restaurant shows the heat transfer multiplier for windows for heating as 17.94 and for cooling as 54.86.  If the window size was changed to 200 square feet would the winter heat loss and the summer heat gain be changed enough to need a larger HVAC system?

The winter window heat loss would become 200 × 17.94 = 3,588 Btuh.

The summer window heat gain would become 200 × 54.86 = 10,972 Btuh.

Since the window size was increased by 40 square ft. the outside wall area was decreased from 200 to 160 ft2.  Again using the Table 2 values for the walls calculate new values for the winter heat loss and the summer heat gain.

The winter wall heat loss would be 160 × 1.90 = 304 Btuh.

The summer wall heat gain would be 160 × 1.31 = 209.6 Btuh.

The total winter loss was 34,384 Btuh before the window size was changed what is it after the change?

First, the total heat loss for the windows plus the wall for the original Table 2 values is 2,870 plus 380 or 2,870 + 380 = 3,750 Btuh.

Second, the total heat loss for the new values is 3,588 plus 304 Btuh; 3,588 + 304 = 3,892 Btuh.

Third, the change to the total of 34,384 would be 3,892 – 3,750 + 34,384 = 34,526 Btuh.
For the heating, increasing the load by 142 Btuh (less than 0.4%) will not generally result in needing to increase heating equipment sizing.
The total summer heat gain was 71,666 Btuh before the window size was changed what is it after the change?

First, the total heat gain for the windows plus the wall for the original Table 2 values is 8,777 plus 263 or 8,777 + 263 = 9,040 Btuh

Second, the heat gain for the new values is 10,972 plus 209.6 Btuh; 10,972 + 210 = 11,182 Btuh.

Third, the change to the total of 71,666 would be 11,182 – 9040 + 71,666 = 73,808 Btuh

For Cooling, increasing the load by 2,142 Btuh by 3% moves the total from 5.97 tons to 6.15 tons and most likely not change the equipment sizing requirement.
The total summer heat gain is listed as 115,534 Btuh and the winter heating load is listed as 111,764 Btuh. Calculate what percentage of those values is due to the infiltration. 

First, for summer heat gains infiltration is 1,108 Btuh; 1,108 ÷ 115,534 ×100 = 9.61%

Second, for winter heat gains infiltration is 3,632 Btuh; 3,632 ÷ 111,764 ×100 = 3.25%  
Based on the summer heat gains estimate the cooling equipment’s size in tons needed to cool the restaurant area, the kitchen area, and the total tonnage for the restaurant. 

First, for summer heat gains in the seating area from Table 2: 71,666 ÷ 12,000 = 5.972 Tons

Second, for summer heat gains in the cooking area from Table 3: 115,534 ÷ 12,000 = 9.628 Tons

Third, for the total tonnage 9.628 + 5.972 = 15.6 tons

A cooling load calculation on Manual N states that the sensible heat is 75,000 Btuh and the latent heat is listed as 25,000 Btuh.  What is the total cooling load?

25,000 + 75,000 = 100,000 Btuh
Field Notes:

One would be surprised by how often a builder changes a wall or roofing material, without giving a thought to the HVAC design implications.  Technicians who understand building materials and how they are put together as assemblies can often spot problems with changes made to the original design plans.  Thus, those who only focus on the mechanical and electrical sections may miss a big design change during construction that wrecks their load calculations.  
Educator Answers for Worksheet 4 Chapter 1 Maria’s Restaurant Economizer & ERV

Looking at the picture of the economizer, what would happen if everything was operating properly except the Return air damper became stuck ½ open?
When the economizer outside air and relief air dampers fully opened the unit would not be bringing in all outside air because the return air damper would not close and some return air would bypass and mix with the air coming through the outside air damper.

When the economizer outside air and relief air dampers moved to the minimum position, the return air damper would not fully open and would restrict the airflow.  This would possibly decrease the total fan CFM and increase the amount of outside air coming in and the amount of air going out through the relief damper. 

Looking at the picture of the economizer, what would happen if everything was operating properly except the relief air damper became stuck wide open?
When the economizer outside air damper closes down to the minimum position, and return air damper fully opens up, a large amount of outside air will generally come back into the return through the open relief damper because it is generally closer to the suction side of the fan and has less resistance to airflow than the return duct does.  

In the cooling mode, this results also in pressurizing the building without removing the heat, and may lead warm discharge air temperatures and high indoor humidity levels.  

In the heating mode it results in over pressurizing the building and possibly overwhelming the heat exchanger’s design capabilities resulting in cool air being distributed.

An ERV is designed to bring in 250 CFM.  It was measured with a fan powered flow hood and found to be only bringing in 150 CFM.  What is the most likely cause for the low airflow?

If it is a new installation the duct could have openings (leaks), or it could be undersized. However, one should always check the filter.  All filters are generally ignored by building operators.

An energy recovery ventilator (ERV) designed to remove 400 CFM is listed as 60% efficient at transferring heat.  How many CFM would need to be heated or cooled to room temperature?

400 CFM would need to be heated or cooled to room temperature since all of the air would only transfer 60% of the exhausted heat.  

For the ERV above, convert the CFM to fully cooled/heated and totally unheated/uncooled proportions for calculating the load easily.

The equivalent amount of air fully heated or cooled = 400 CFM × 0.60 = 240 CFM 

The equivalent amount of air needing to be fully heated or cooled = 400 CFM – 240 CFM = 160 CFM
Field Notes:

Studies have been done that state the over 80% of the economizers in existing rooftop package HVAC systems are not working correctly.  Damper adjustment and operation to design specifications is the weakest link in most economizer installations. Thus, verification that all of the dampers are operating together is important.  Often there is the appearance that there is no relief damper and thus, no relief.  In many cases the relief is a damper that is opened by building pressure located somewhere in the building.  In those cases, a technician needs to make sure the building will not over pressurize in the economizer mode by placing it in the economizer mode and locating the relief damper to make sure it is set to open at a reasonable pressure. Often they are never set and they may not be located in a place where they can relieve the pressure caused by bringing in 100% outside air.  For example, the relief damper may be enclosed by a fire wall in one office.    
Educator Answers for Worksheet 5 Chapter 1 Maria’s Restaurant Gets Moved

Based on an estimate using the graph on page 25 in the Guide & Workbook, what would the total heating in Btuh be for the location that requires the most heat?

Detroit MI beat out Denver with approximately 360,000 Btuh shown on the graph.
Note: We know the exact total is Zone 1 + Zone 2 from our table values, or 277,828 + 85,261 = 363,089 Btuh

Based on an estimate using the graph, what would the Sensible Cooling for Long Beach CA? 

Based on an estimate using the graph, Long Beach CA has a Total Cooling Load of 190,000 Btuh and a Latent Cooling Load of about 40,000 Btuh.
Total Cooling = Sensible Cooling + Latent Cooling

Thus:

190,000 Btuh = Sensible Cooling + 40,000 Btuh; and Sensible Cooling =150,000 Btuh

A comparison number for evaluating how much humidity removal is required for cooling called Super Heat Ratio (SHR) is used in the equipment selection process. SHR = Sensible Cooling ÷ Total Cooling Load

Using the table values find the SHR for San Antonio TX.

First find the Sensible Cooling Total

350,000 Btuh = Total Cooling

100,000 Btuh = Latent Cooling

Thus,

350,000 – 100,000 = Sensible Cooling = 250,000

Second find the SHR

SHR = Sensible Cooling ÷ Total Cooling Load

350,000 Btuh = Total Cooling

100,000 Btuh = Latent Cooling

250,000 Btuh = Sensible Cooling  

Thus, 

SHR = 250,000 ÷ 350,000 = 0.714
Field Notes:

Numerous attempts to tune an HVAC system for a building in North Carolina with a new maintenance contract. The HVAC contractor wanted to know what the solution was for this building. A top diagnostic technician was sent to a location where the building was not cooling properly.  While there, the technician found a Manual N load calculation was done for the equipment sizing.  After studying the Load calculation the problem was clear:  Undersized equipment, the wrong weather data was used. The load calculation had Dayton Ohio’s selected as the building’s location! 

Educator Answers for Worksheet 6 Chapter 2 Maria’s Restaurant Equipment Selection

A restaurant has an exhaust fan that is designed to pull 2,300 CFM of air of the kitchen. It has a dedicated outdoor makeup air system that brings in 2,300 CFM.  If you wanted to make the kitchen positively pressurized what would need to happen? 

The kitchen exhaust hood could be slowed down so it pulled out less air.  However, it may not meet the code airflow requirements.

The dedicated outside air system could be adjusted so it will bring in more outside air if the unit sizing will allow for the increase and still properly heat and cool the entering air.

Air could be brought in from the dining area if it is operating at a higher pressure than the kitchen.  Again Codes must be followed. For example, in the location where Maria’s restaurant was located the air transferred would need to be filtered.  

Kitchen odors are coming into the dining area when the waiters open the doors to the kitchen.  The owner states this never used to happen. What could be the cause for this change in pressure?

The number one cause to check would be the dining area HVAC system outside air minimum position. If it was closed off or stuck closed, the dining area would lose its positive pressurization. 

The number two thing to check would be the makeup air fan or pathway for the kitchen hood.  It could be as simple as dirty filters. 

It could be something else, like a prevailing wind into the back kitchen loading area door that is being left open.

It could be a combination of all of the above.  When checking a system check all of the components!
Looking at the picture of the economizer, what would happen if everything was operating properly except the Return air damper became stuck ½ open?

When the economizer outside air and relief air dampers fully opened the unit would not be bringing in all outside air because the return air damper would not close and some return air would bypass and mix with the air coming through the outside air damper.

When the economizer outside air and relief air dampers moved to the minimum position, the return air damper would not fully open and would restrict the airflow.  This would possibly decrease the total fan CFM and increase the amount of outside air coming in and the amount of air going out through the relief damper. 
An ERV is designed to bring in 250 CFM.  It was measured with a fan powered flow hood and found to be only bringing in 150 CFM.  What is the most likely cause for the low airflow?

If it is a new installation the duct could have openings (leaks), or it could be undersized. However, one should always check the filter.  All filters are generally ignored by building operators.

Field Notes:

Generally, the engineering additional CFM designs to provide pressure differences will work. However, positive and negative air pressures between zones with designs based on extra CFM in those zones always needs to be checked in the field.  The pressures are very small and can be influenced by wind outside of the building and the tightness of the buildings outside walls and the walls separating the Zones.  The easiest and quickest check is with a chemical smoke stick that can verify the airflow direction at doors and between sections.  
It is always the economical choice to have the exhaust and makeup air be at the lowest possible values.  That way heating or cooling the 100% outside air being brought in will be minimalized and the operating expense will be lowered.
Educator Answers for Worksheet 7 Chapter 2 Maria’s Restaurant Zone 2 Equipment Selection
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Using the chart above interpolate for the KBtuh value for an entering wet bulb temperature of 63OF and 4,000 CFM at 90OF
Easy Interpolation because it is at the midpoint between 85OF and 95 OF.  Thus the two values can be added and divided by 2.  

(124.8 + 116.4) ÷ 2 = 120.6 kBtuh

Using the chart above interpolate for the KBtuh value for an entering wet bulb temperature of 67OF and 4,000 CFM at 87OF
Step 1: Temperature Total Difference: 95OF - 85 OF = 10

Step 2: Temperature Ratio Factor: 95 – 87 = 8

Step 3: Temperature Ratio: 87 ÷ 95 = 0.9157

Step 4: kBtuh total Difference: 133.2 – 124 = 9.2

Step 5: Temperature Ratio × kBtuh Total = 0.9157 × 9.2 = 8.42

Step 6:  133.2 – 8.42 = 124.78 kBtuh
Using the chart above interpolate for the KBtuh value for an entering wet bulb temperature of 67OF and 4,800 CFM at 92O
Step 1: Temperature Total Difference: 95OF - 85 OF = 10

Step 2: Temperature Ratio Factor: 95 – 92 = 3

Step 3: Temperature Ratio: 92 ÷ 95 = 0.9684

Step 4: kBtuh total Difference: 137.8 – 128.3 = 9.5

Step 5: Temperature Ratio × kBtuh Total = 0.9684 × 9.5 = 9.1998

Step 6:  137.8 – 9.1998 = 128.6 kBtuh
Field Notes:

Two common mistakes found in the field are equipment that was sized based on the rated load values not the expanded values and equipment installed, started up and left running right like it came out of the box.  

Only technician’s that can look at the expanded data, and then set up a system to run at the correct CFM can make a system run as designed.

Note: Sometimes the only way it can meet the heating and cooling load requirements. 
Educator Answers for Worksheet 8 Chapter 2 Maria’s Restaurant Sizing for Cooling (Expanded Data Charts)

Using Table 9B on Page 37 in Maria’s Restaurant Guide & Workbook, find the total cooling capacity in Btuh for the XHP 7.5-86Z in operating in low speed with a return air wet bulb temperature of 67OF and a fan CFM of 3,000.
For an outdoor temperature of 85OF the capacity is 48,700 Btuh and for an outdoor temperature of 95OF it is 45,300 Btuh.  Note: kBtuh means 1,000 Btuh so the 48.7 is multiplied by 1,000 to get Btuh. 

 Using Table 9B on Page 37 in Maria’s Restaurant Guide & Workbook, find the total latent capacity in Btuh for the XHP 7.5-86Z in operating in low speed with a return air wet bulb temperature of 67OF and a fan CFM of 3,000 with a 75 OF outdoor dry bulb temperature.

From the chart: at 85OF the sensible over total heat ratio is 0.51 thus, with a total capacity of 48,700 Btuh our sensible capacity would be 48,700 × 0.51 = 24,873 

Note: to double check simply divide 24,873 by 48,700 and make sure it equals 0.51. 

Thus, the latent capacity would be 48,700 – 24,873 = 23,827 Btuh

Using Table 9C on Page 38 in Maria’s Restaurant Guide & Workbook, find the total latent capacity in Btuh for the XHP 10-86Z in operating in high speed with a return air wet bulb temperature of 67OF and a fan CFM of 3,200 with a 85OF outdoor dry bulb temperature.

From the chart: at 3,200 CFM & 85OF the sensible over total heat ratio is 0.66 thus, with a total capacity of 126,600 Btuh our latent capacity would be 126,600 × (1 - 0.66) = 42,200

Note: Took a short cut, the previous method works for this example too.

Find the sensible heat for the previous example where the latent heat is 42,840 and the total capacity is 126,000.

The total minus the latent equals the sensible. Thus, 126,600 – 42,200 = 84,400 Btuh

Note: 126,600 × 0.66 = 84,400 Btuh

Field Notes:

Changing fan speed and thus, the CFM changes the performance of the commercial equipment.  This often happens when a pulley position is changed so the wrong size belt can be put on to get it running. The change in performance may then become the cause of many call backs and the change does not get caught.
Educator Answers for Worksheet 9 Chapter 2 Maria’s Restaurant Sizing for Cooling (Expanded Data Charts)

Using Table 9C on Page 38 in Maria’s Restaurant Guide & Workbook, will the total latent capacity in Btuh for the XHP 10-86Z in operating in high speed with a return air wet bulb temperature of 67OF and a fan CFM of 4,800 with a 85OF outdoor dry bulb temperature be equal to or above a latent heat removal requirement of 12,000 Btuh?

From the chart: at 4,800 CFM & 85OF the sensible over total heat ratio is 0.97 thus, with a total capacity of 137,800 Btuh our latent capacity would be 137,800 × (1- 0.97) = 4,134 Btuh of latent heat capability

Thus, the equipment would not meet the requirements at that fan speed.  

What if the fan speed in the problem above was lowered to provide 4,000 CFM?
From the chart: at 4,000 CFM & 85OF the sensible over total heat ratio is 0.90 thus, with a total capacity of 133,200 Btuh our latent capacity would be 133,200 × (1- 0.90) = 13,320 Btuh of latent heat capability

Thus, the equipment would meet 12,000 Btuh the requirements at that fan speed. 

Using Table 9C on Page 38 in Maria’s Restaurant Guide & Workbook, find the motor design load in kW and W for the XHP 10-86Z in operating with an outdoor air temperature at the condenser of 85OF and a fan CFM of 4,000.
7.55 kW and 7,550 W

Figure 16 on page 41 shows a Psychrometric chart with the human comfort zone shown in red stripes. If we measured a room at 70 OF with a relative humidity of 30% would most people feel comfortable sitting in that room. 

No, due to the low humidity the room would feel cold to most people.  

Field Notes:
A comfortable temperature is subjective and a few people in a room may never be comfortable even when the room temperature and humidity are dead center on the comfort chart.  Some will say it is too hot, others will say it is too cold.  Thus, Technician’s should know where they are on the comfort chart before changing the temperature based on one complaint or, they may be back with six more!  
One blower motor variable frequency drive (VFD) setting related problem commonly encountered is: At lower speeds, the blower may not provide the required minimum replacement air volumes for the hoods.  Thus, the restaurant will become in a low pressure with regards to the outside (making the inswing doors hard to close due to the air they are sucking in). 

One Compressor motor variable frequency drive (VFD) related problem commonly encountered where a constant volume of airflow is required to make up for kitchen hood exhaust air is: due to the higher velocity of air with regards to the refrigerant in the coil the ability to remove moisture from the air being brought in is greatly decreased under most operating conditions (resulting in a much higher humidity inside the building tan is outside and possibly a wet dog or mold smell in the building).  

Educator Answers for Worksheet 10 Chapter 3 Maria’s Restaurant System ESP

Using Table 12 on Page 46 in Maria’s Restaurant Guide & Workbook, find the RPM and BHP for a system designed to operate at 1.0 IWC ESP and 3,500 CFM. 

From the chart: RPM= 854 and BHP = 1.65  

Using Table 12 on Page 46 in Maria’s Restaurant Guide & Workbook, find the RPM and BHP for a system designed to operate at 0.02 IWC ESP and 3,500 CFM. 

From the chart: RPM= 592 and BHP = 0.90
We have a 1HP motor that is tripping the motor starter and shutting down on a 12.5 ton XHP roof top package unit. The Measured ESP is 0.6 and the fan RPM was measured at 733.  What is the correct solution?

It depends on the design CFM.  Looking at the chart, if the design CFM is lower than 3,000 CFM, the fan speed needs to be lowered.  If the design CFM is above 3,000 CFM, the motor size needs to be increased. 

We have a design CFM of 3,550 CFM, an installed 1.5 HP motor. The 7.5 ton XHP package unit was found to be operating at a measured ESP of 0.63, and the fan RPM was measured at 740.  Without interpolation will that motor work?

Yes, the 1.5 HP motor is properly sized for that application.  Based on the Table 12 values, one would expect an ESP slightly above 0.60 operating at 740 RPM to require a Bhp slightly higher than the table value of 1.31.  

Field Notes:
A common problem found in the field is a finished duct system that was not installed exactly like the design. Oversized, not a problem, the fan motor will be adjustable to a lower RPM so the CFM will be correct.  However, duct is generally undersized. To make things worse the filter area is often undersized too. Thus, to get the required airflow the motor size must be increased.    

Educator Answers for Worksheet 11 Chapter 3 Maria’s Restaurant Duct CFM & Friction Rate

Using Figure 18 on Page 49 in Maria’s Restaurant Guide & Workbook, find the FPM for Zone 1 and 2 Supply airflow if the duct size was changed to 26” × 24”.

Zone 1: (26 × 24) ÷ 144 = 4.3333 and 2,400 CFM ÷ 4.3333 = 554 FPM

Zone 2: (26 × 24) ÷ 144 = 4.3333 and 3,200 CFM ÷ 4.3333 = 739 FPM
Using Figure 18 on Page 49 in Maria’s Restaurant Guide & Workbook, find the FPM for Zone 1 and 2 Supply airflow if the duct size was changed to 25” × 25”.

Zone 1: (25 × 25) ÷ 144 = 4.34 and 2,400 CFM ÷ 4.34 = 553 FPM

Zone 2: (25 × 25) ÷ 144 = 4.34 and 3,200 CFM ÷ 4.34 = 737 FPM

Note: not a field measurable difference from the previous duct sizing question above.
Using Figure 20 on page 50 In the Guide 7 Workbook, Find the CFM corresponding to a FR of 0.045 for galvanized metal duct.

250 CFM

Using Figure 20 on page 50 In the Guide 7 Workbook, Find the CFM corresponding to a FR of 0.045 for duct board.

180 CFM

Using Figure 20 on page 50 In the Guide 7 Workbook, Find the FR that provides 310 CFM for Duct Board at this duct size setting.

FR = 0.125

Using Figure 20 on page 50 In the Guide 7 Workbook, Find the FR that provides 310 CFM for galvanized metal duct at this duct size setting.

FR = 0.69 or 0.70…it is almost there…close enough!

Field Notes:
A common problem found in the field is an immediate reduction in duct size at the equipment inlet and outlet.  This is made worse if the reduction is square and not tapered.  The author once found a supply duct that was ½ the size of the outlet with the top half just blocked off in the outlet (see sketch below).  The call was for no cooling in the building.  The duct restriction was causing turbulence in the airflow and a high operating static pressure. The reason the system was not cooling was because the blower motor kept shutting down on an internal overload.    
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Educator Answers for Worksheet 12 Chapter 3 Maria’s Restaurant Duct Sizing

Use a VP of 0.14536 to get a total pressure drop across the standard square 90 fitting that has a C value of 1.15 as the air flows through it.
1.15 × 0.14536 = 0.167164
Use a VP of 0.011362 to get a total pressure drop across the standard square 90 fitting that has a C value of 1.15 as the air flows through it.
1.15 × 0.011362 = 0.0130663 
Using the loss item totals from Figure 23 on page 52 values for the two shown 90O Ls, find the total loss difference between the two Ls, and which is the more efficient L?

0.63558 – 0.00539 = 0.63019 difference in pressure loss for the two fittings.  The smooth radius 3 vain Elbow is by “far and away” the more efficient choice for the duct system. 

For Zone 1 how would blower motor size be changed due to changing the pressure drop from 0.514 to 1.112? 
Looking at Table 12 on Page 46 of the Guide & Workbook: 

The motor size would greatly increase (this is the answer requested).

For example at 1,750 CFM 0.551 system ESP would require a motor with approximately 0.48 Bhp and at 1.112 it would be 0.96 Bhp (eye ball interpolation)
Field Notes:
Whenever a duct design is done it is important to make sure the fittings were installed as designed. Often, when a duct system is too small the problem can be resolved by replacing a few standard duct fittings with some higher efficiency ones. It may be as easy as adding some turning vanes to the existing 90s.  Redesigning and replacing an entire duct system is a lot more expensive than replacing four or five fittings. 
Educator Answers for Worksheet 13 Chapter 3 Maria’s Restaurant Air Distribution

Using Figure 25 on page 53 In the Guide & Workbook, to identify a problem with Maria’s plan change.

Return air pathway blocked. Thus, the HVAC system will not be able to operate as designed. 
Can you offer a solution to Maria and explain why it will save her time and money?

Any time and money saving solution would start with not moving duct or an HVAC system. In this case the designer wanted the return over the heat adding equipment in the bar so that warner air would not cross over occupied space. Thus, recommend the partition doors be made of an open metal grid style of gate or roll down door rather than a solid material.  

Based on the Air Distribution Design Checklist on page 54 in the Guide & Workbook, which of the following should be done if you can only do one?
1. Make sure there are adequate return air pathways.

2. Make sure the return is positioned high when the supply duct is positioned low.
Make sure there are adequate return air pathways.

Based on the Air Distribution Design Checklist which of the following should be done if you can only do one?

1. Make sure the blower fan’s airflow is in compliance with the Manufacturer’s data and at the designed value.

2. Make sure the proper CFM is coming out of every supply diffuser. 

Make sure the proper CFM is coming out of every supply diffuser.
Based on the Air Distribution Design Checklist which of the following should be done if you can only do one?

1. Do the duct sketch and component list.

2. Design the component pressure drops.

They are equally important since they are both in the high impact group.

Field Notes:
Return, Return, Return! Why does seem like everyone ignores the return duct design, and the return path! There are a million horror stories out there.  For example, a small store allowed a product display case loaded with high intensity incandescent light bulbs to be placed in the front right side of the store.  The heat had to cross the entire store to get back to the return.  The call was for AC not working.  The AC was working properly, they just chose to heat the air up in the front, and bring it all of the way across the store to the return. The answer was to move the display back to under the return or install a return duct over the display and move some supply diffusers to the back of the store.  Not as the store manager wanted a bigger HVAC system.  Since the discharge air was the correct temperature, a larger system probably would not have helped. 

Educator Answers for Worksheet 14 Chapter 4 Maria’s Restaurant Sizing for Diffusers and Grilles

Using Table 13 on page 58 in the Guide & Workbook what is the preferred noise criterion for selecting diffusers in nonindustrial applications?
NC ˂ 30 the white areas in the chart. 
Using Table 13 on page 58 in the Guide & Workbook what is the NC value for a 27×27 diffuser providing 3,600 CFM of airflow
NC ≥ 40 the red area in the chart.

Using Figure 27 on page 60 in the Guide & Workbook, if a grill was going to be placed in a corner which of the 4 grille types below would you select?

For most locations the third from the left, the corner 2 direction supply register.  The single direction diffuser on the left side might be selected for applications where the airflow from the corner all goes in one direction. 
Using Table 13 on page 58 in the Guide & Workbook what would the face velocity be for a 9×9 Corner diffuser at 0.050 IWC of pressure loss?

900 FPM

Using Table 13 on page 58 in the Guide & Workbook what would the throw be in the X & Y directions for a 9×9 corner diffuser at 0.050 IWC of pressure loss?

Four to six feet in the X and Y directions.

Using Table 13 on page 58 in the Guide & Workbook what would the Ak be for a 12×12 corner diffuser?

0.40 Square Feet

Using Table 13 on page 58 in the Guide & Workbook what would the CFM be for a 6×6 corner diffuser at 0.020 IWC of pressure loss?
50-60 CFM depending on the face velocity
Using Table 14 on page 59 in the Guide & Workbook what would the recommended cooling temperature differential for out selected two way diffuser in an 8 foot ceiling application?
20O Fahrenheit
Using Table 14 on page 59 in the Guide & Workbook what would the recommended CFM for out selected two way diffuser in an 11 foot ceiling application?
450 + 800 ÷ 2 = 625 CFM
Field Notes:
Everything covered in this lesson for supply diffusers is also true for return grilles.  They will have identical charts (except for the numbers). In the field it is very common for supply registers to be noisy because they are undersized it is even more common for return grilles to be undersized and noisy.  Under sizing also often causes the entire system to have low airflow due to the added pressure drops. Custom or site built supply and return grilles should always be evaluated to see what the pressure drop is and if they are causing a major restriction on the HVAC system.  As discussed earlier, a larger blower motor may be needed to generate the higher RPMs needed to overcome the pressure drops across undersized supply diffusers and return grilles.  Warning: the resulting increase in noise level may not be welcomed by the customer!  The best approach is always to try and increase the diffuser or grill size so it accommodates the design airflows at a reasonable noise level.  

Educator Answers for Worksheet 15 Chapter 4 Maria’s Restaurant Sizing for Filters

Using Figure 29 13 on page 62 in the Guide & Workbook what is diffuser’s deflection angle?
22O
Using Figure 29 13 on page 62 in the Guide & Workbook what is diffuser’s throw width and velocity at 25 feet? 
50 feet per minute and approximately 15 feet wide (total width 7.5 per side).  

Using Figure 28 on page 60 in the Guide & Workbook, What size filter would be needed if the CFM value was 4,200 and the design IWC was 0.20?

First find the approximate final face velocity in fpm (about 344) then divide the 4,200 CFM by the 344 FPM to get the filter sized in square feet (12.21)
Using Figure 28 on page 60 in the Guide & Workbook, What size filter would be needed if the CFM value was 3,200 and the design IWC was 0.20?
First find the approximate final face velocity in fpm (about 344) then divide the 3,200 CFM by the 344 FPM to get the filter sized in square feet (9.3)
Using Figure 28 on page 60 in the Guide & Workbook, if a 27×24 size filter was used for Zone 1’s 2,400 CFM what would the pressure drop (approximately) be in IWC?

First, find the square ft. of filter area: 27×24 ÷ 144 = 4.5
Second, find the feet per minute velocity by dividing the CFM by the filter area: 2,400 ÷ 4.5 = 533 fpm

Finally use the chart to find the pressure drop in IWC: 0.48 IWC

Using Figure 28 on page 60 in the Guide & Workbook, if a 27×24 size filter was used for Zone 2’s 3,200 CFM what would the pressure drop (approximately) be in IWC?

First, find the square ft. of filter area: 27×24 ÷ 144 = 4.5
Second, find the feet per minute velocity by dividing the CFM by the filter area: 3,200 ÷ 4.5 = 711 fpm

Finally use the chart to find the pressure drop in IWC: off of the chart.

Field Notes:
Unfortunately, it is not unusual to find a supply register with a design throw and angle that will cause someone to feel like they are sitting in a draft. Remember, simply throttling them down is not a solution.  The author once found an office where 4 out of 5 diffusers were shut down causing the system to force the air through the last diffuser.  The lady sitting in the strong breeze under that remaining noisy diffuser said she was the one who was always wanting it cooler so she didn’t feel she could complain. When all of the throw angles and CFM were properly set everyone was comfortable and the system had the correct airflow. Finally, it is way too common to find a filter that is too small for the HVAC system.  Installers rarely check the filter area pressure drop design requirement and will install a return grille based on the duct size.  Thus, the design external static pressure for the system will be high with an extremely high (negative value) value for the return duct measurement.  You have probably seen in the field a properly designed system where the filter box area is much larger than the return duct.  
Educator Answers for Worksheet 16 Appendix A Maria’s Restaurant Building Components & Load 

Using the 20ft by 8ft window measurements, what is the square footage of the window?
20 ft. × 8 ft. = 160 ft2
Based on Figure A2 on page 67, what is the square footage of the roof’s surface (also the Ceiling total square footage)? 

25 × 66 = 1,650 
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Using the glass data table above, in the Guide & Workbook, what are the table values for the solar heat gain coefficient and U-Value for a Single Pain ¼” fixed sash window?
SHGC = 0.74 & U-Value 1.13

What are the table values for the solar heat gain coefficient and U-Value for a Double Pain fixed sash Wood or wood clad window.

SHGC = 0.61 & U-Value 0.56

Which of the two windows above will allow less heat to transfer through it?
The one with the lower U-Value and SHGC the Double Pain fixed sash Wood or wood clad window
Calculate the front door’s square footage using the information in Figure A1 on page 66 in the Guide & workbook.  

First, find the square ft. of filter area: 9 inches divided by 12 inches equals the percentage of a foot (0.75)

Second, find the square feet by multiplying the width in feet times the height in feet: 3ft. × 9.75 ft. = 29.25 ft2.

Field Notes:
In the summer the southwest side of building always ran hot in the afternoon, and the southeast side ran warm in the mornings.  Over a ten year period, many technician’s had been called, and in turn had visited the building to no avail.  The report always came back the same, the HVAC is working properly and you already have the maximum airflow available to those areas.  Finally one technician asked to see the building’s plans.  The technician discovered that to cut corners the builder had substituted a double pane aluminum window with no break, for the specified triple pane fiberglass frame windows. Thus, the HVAC system was not sized and installed for the as built building conditions, and could not meet the added load requirements.  The final result was a reflective film was added to the windows on the south side of the building and the system began keeping the occupants comfortable in the summer for the first time in a decade.  

Educator Answers for Worksheet 17 Appendix A Maria’s Restaurant Building Internal Loads 

Based on Manual N Table 6E that states: Refrigerator 5 to 25 Cu. ft. per 10 Cu. ft. of space 1,670 Btuh
Find Btuh for a 24 Cu. ft. refrigerator.

(24 ÷ 10) × 1,670 = 4,008 Btuh
Based on Manual N Table 6E that states: Refrigerator 5 to 25 Cu. ft. per 10 Cu. ft. of space 1,670 Btuh
Find Btuh for an under counter 6 Cu. ft. refrigerator.

(6 ÷ 10) × 1,670 = 1,002 Btuh

Given Watts × 3.412 = Btuh: How many Btuh will be equivalent to six 300 watt incandescent light bulbs?

Watts = 6 × 300 = 1,800

Watts × 3.412 = Btuh

Btuh = 1,800 × 3.412 = 6,142 Btuh

Given for single-phase equipment: Watts = Amps × Power Factor × Voltage

Find the Watts for a 10 h.p. single phase motor operating at 230 Volts and 50 amps (use PF of 0.85)

Watts = Amps × Power Factor × Voltage

Watts = 50 × 0.85 × 230 = 9,775 Btuh

Given for three-phase equipment: Watts = Amps × Power Factor × Voltage × 1.732

Find the Watts for a 10 h.p. 3 phase motor operating at 460V and 14 amps (use PF of .85)

Watts = Amps × Power Factor × Voltage × 1.732

Watts = 14 × 0.85 × 460 × 1.732 = 9,480 Watts

Field Notes:
Unfortunately, most building owners do not consider the HVAC system when they remodel. It is not unusual to find thermostats/sensors in sections they do not control, or up in ceilings shoved out of site. The technician was called out because the employee kitchen was too hot year round.  The building had a variable air volume system (VAV) with reheats for the perimeter areas.  The kitchen was in an internal area so it was always supplied with air that was 65F (in the winter) or cooler (55F in the summer).  The technician noted the kitchen was fairly new and that a controlling thermostat/sensor was not present in the room. Since the kitchen was added without considering the HVAC system: the recommendation was for a load calculation to be done based on the newly added kitchen equipment, and that the kitchen area be made into a separate zone on the VAV system, with its own control. This change would require moving a thermostat/sensor and a duct modification, along with an air balance for two VAVs. 
Educator Answers for Worksheet 18 Appendix A Maria’s Restaurant Building Kitchen Equipment Internal Loads
Based on Manual N Table 6E that states: steam table 80 to 320 quarts with hood 32 Btuh per quart.
Find Btuh for a 300 quart steam table.

300 × 32 = 9,600 Btuh
Find the total load for the following (from Manual N Table 6E, all equipment under a hood):
·  4 Gas Convection Ovens, full size 5,700 Btuh each. 

· 3 Gas Oven top, open burner, 2 to 6 burners Per 2 burner section 2,200 Btuh each. 

· 3 Fryer, Gas, Deep fat (35-50 lbs.): 1,900 Btuh each.

4 Gas Convection Ovens, full size 5,700 Btuh each. 

    4 × 5,700 = 22,800

3 Gas Oven top, open burner, 2 to 6 burners Per 2 burner section 2,200 Btuh each. 

    3 × 2,200 = 6,600

3 Fryer, Gas, Deep fat (35-50 lbs.): 1,900 Btuh each.

     3 × 1,900 = 5,700
22,800 + 6,600 + 5,700 = 35,100 Btuh
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Based on the OEM Table above what is the total load if the system does not have a direct vent? 

13,000 + 5,600 = 18,600 Btuh
Given a food service equipment internal load of  89,618: what would the load be with a diversity factor of 0.66? 
Total Internal Load = 0.66 × 89,618 = 59148 Btuh

Field Notes:
A kitchen was always hot and humid. The technician was called to check the HVAC system.  While there, the technician noticed the exhaust venting over the dishwasher didn’t seem to be removing moisture and heat intermittently. After making sure the HVAC system was operating as designed, the technician checked the exhaust fan for the dishwasher vent and found the single-phase exhaust motor was running at high amps (at the correct voltage) and was going off on an internal overload intermittently.  Thus, it was determined the motor was undersized.  The ¾ HP motor was replace with a 1 HP motor and the hood stayed on. This resolved the cooling issue in the kitchen.  Note: the calculated heat load increase from the vented to the unvented dishwasher example shown in this lesson could be calculated as 18,600 – 10,600 = 8,000 Btuh, and all of that increase is in latent heat.
ALONG WITH THE INSTRUCTOR POWERPOINTS, EDUCATOR WORKSHEETS 19 & 20 ARE SPEEDSHEETS AVAILABLE FOR FREE DOWNLOADING UNDER EDU 6 ON THE RESOURCES FOR EDUCATORS WEB PAGE ALONG WITH WORKSHEETS ON MANUAL Q TABLES FOR CLASS 21 and CLASS 22. 
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Educator Answers for Worksheet 23 Appendix C Maria’s Restaurant Building Kitchen Equipment Internal Loads
Find the airflow in FPM if 1,000 CFM is passing through an 18 inch by 18 inch duct.

Step 1: Find duct area in square feet: 18 × 18 = 324 in2; 324 ÷ 144 = 2.25 ft2

Step 2: 1,000 CFM ÷ 2.25 ft2 = 444.44 FPM
Find the airflow in FPM if 1,000 CFM is passing through a round duct with an 18 inch diameter.
Step 1: Find duct area in square feet: πr2 = π × 92 in2; 254.34 ÷ 144 = 1.766 ft2

Step 2: 1,000 CFM ÷ 1.766 ft2 = 566.25 FPM
If you have a velocity of 444 FPM through a 18” square duct at sea level, find the velocity pressure.
VP = (FPM ÷ 4,005 × ACF)2

VP = 444 ÷ 4,005 × 1)2 = 0.0123 (rounded off)
If you have a velocity of 566 FPM through a 18” diameter round duct at sea level, find the velocity pressure.
VP = (FPM ÷ 4,005 × ACF)2

VP = 566 ÷ 4,005 × 1)2 = 0.02 (rounded off)
The loss coefficient for a fitting was calculated at 1.3 and the velocity pressure is 0.02. What is the loss item or total pressure drop across the fitting?
Loss item = VP × loss Coefficient

Loss item = 0.02 × 1.3 =  0.26

The loss coefficient for a fitting was calculated at 0.001 and the velocity pressure is 0.0123. What is the loss item or total pressure drop across the fitting?

Loss item = VP × loss Coefficient

Loss item = 0.001 × 0.0123 = 0.0000123

What is the loss item or total pressure drop across a 10 foot long duct with a friction rate per 100ft of 0.045?

Loss item = Duct Length × f/100 ÷ 100 

Loss item = 10 × 0.045 ÷ 100  = 0.0045

What is the loss item or total pressure drop across a 200 foot long duct with a friction rate per 100ft of 0.03?

Loss item = Duct Length × f/100 ÷ 100 

Loss item = 200 × 0.03 ÷ 100  = 0.06

Field Notes:
Technicians should be able to identify imbalances in exhaust and makeup air by simply verifying airflow directions.  Technicians can use a piece of tissue or a smoke pencil to identify airflow paths and the relative building pressures they indicate.  Most commercial buildings have an airflow related problem somewhere within their walls. Understanding how the systems work together is very important before making an adjustment to any of the components.

Educator Answers for Worksheet 24 Appendix D Maria’s Restaurant Outside Air Work Sheet

Using the IMC Table 1 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total CFM requirement for a 10 ft. long single island canopy kitchen hood with a heavy duty rating?
600 × 10 = 6,000 CFM

Using the IMC Table 1 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total CFM requirement for a 12 ft. long wall mounted canopy kitchen hood with a light duty rating?
200 × 12 = 2,400 CFM
Using the IMC Table 1 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total CFM requirement for a 20 ft. long double island canopy kitchen hood with a medium duty rating?
300 × 20 = 6,000 CFM

Using Table 2 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total overhang requirement for a 10 ft. long single island canopy kitchen hood? 

Ends 12 in; front 12 in; rear 12 in. 

Using Table 2 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total overhang requirement for a 12 ft. long wall mounted canopy kitchen hood? 

Ends 6 in; front 12 in; rear N/A (wall mounted)
Using Table 2 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total overhang requirement for a 20 ft. long double island canopy kitchen hood? 
Ends 12 in; front 12in; rear N/A (both sides are considered to be front for working)

Using Table 1 and 2 in Appendix D of Maria’s Restaurant Technician’s Guide & Workbook, what would the total hood length and CFM requirement be  for a wall mounted canopy kitchen hood over four 48 in. medium duty ovens?

Step 1 length of equipment in ft. 4 × 48 ÷ 12 = 16 ft. long

Step 2 add in two end overhangs of 6 in each or add a foot to the length = 17 ft.

Step 3 multiply by the medium duty cfm per foot of 300 CFM per ft. = 17 × 300  = 5,100 CFM
Field Notes:
A kitchen was always hot and humid. The technician was called to check the HVAC system.  While there, the technician noticed the exhaust venting over the dishwasher didn’t seem to be removing moisture and heat intermittently. After making sure the HVAC system was operating as designed, the technician checked the exhaust fan for the dishwasher vent and found the single-phase exhaust motor was running at high amps (at the correct voltage) and was going off on an internal overload intermittently.  Thus, it was determined the motor was undersized.  The ¾ HP motor was replace with a 1 HP motor and the hood stayed on. This resolved the cooling issue in the kitchen.  Note: the calculated heat load increase from the vented to the unvented dishwasher example shown in this lesson could be calculated as 18,600 – 10,600 = 8,000 Btuh, and all of that increase is in latent heat. 

Part 3: Sample Test and Answer Sheet

Questions in this test cover every section in the Guide& Workbook and they are in order by the chapter.  The questions may also be used for the final exam. The weighting for the final grading is up to the instructor, the original multiple choice test was designed to be pass-fail with a 70% cut off for passing.  Because the multiple choice test touches on all of the sections, the results from the multiple choice questions could be used to determine where more time or emphasis is needed for future classes.  Answers for sample multiple choice test which is shown in its entirety starting on the next page:

1. D
2. A
3. A
4. B
5. C
6. B
7. B
8. B
9. D
10. C
11. D
12. A
13. B
14. D

15. B
16. C
17. B
18. D

19. A
20. B
21. A
22. D

23. C
24. D
25. D
26. C
27. A

28. B
29. D
30. C
Maria’s Restaurant Sample Test

1. Which of the following items is not included in the list of commercial building factors that must be accounted for in a load calculation?

a. Ventilation Requirements

b. Commercial Equipment

c. Windows

d. Commercial Purpose
2. In the Guide & Workbook what does HTM stand for? 

a. Heat Transfer Multiplier
b. Heat Transfer Multiple

c. Hot Transfer Multiplier

d. Hot Transfer  Multiple

3. If you have a cooling HTM of 0.6 and a heating HTM of 1.1 what are the heating and cooling loads for a 100 ft2 wall assembly?

a. A cooling load of 110 Btuh, and a heating load of 60 Btuh.

b. A cooling load of 60 Btuh, and a heating load of 110 Btuh.

c. A cooling load of 62 Btuh, and a heating load of 110 Btuh.
d. A cooling load of 110 Btuh, and a heating load of 62 Btuh.
4. In the Guide & Workbook what does ERV stand for? 

a. Energy Recycling Verification
b. Energy Recovery Ventilator

c. Energy Recovery Verification

d. Energy Recycling Ventilator

5. In the Guide & Workbook what does Load stand for? 

a. The amount of weight a joist or beam supports.

b. The amount of equipment brought to an HVAC job.
c. The total Heating and cooling requirement in Btuh.

d. The cylinder used in an air gun or the blank used in a nail gun.

6. In the Guide & Workbook what is considered an item of high impact in a commercial load calculation? 

a. Infiltration. 

b. Ventilation.

c. Windows, glass doors and skylights.

d. Ceilings under vented attic spaces.
7. In the Guide & Workbook the window HTM is 50.37 for heating, 55.82 for cooling and the area is 160 ft2. What is the winter heat loss in Btuh?

a. 8931. 

b. 8059.

c. 106.19.

d. 2812.

8. The Guide & Workbook claims Manual CS states which of the following:

a. “the equipment should be sized so that it has the capacity to exceed the design loads”.

b.  “the equipment should be sized so that it has the capacity to neutralize the design loads”.

c. “the equipment should be designed so that it has the capacity to exceed the design loads”.
d. “the equipment should be designed so that it has the capacity to neutralize the design loads”.
9. In the Guide & Workbook which of the following was not listed as a forced air cooling system?

a. Chilled water. 

b. Variable refrigerant flow.

c. Water source heat pump.

d. Radiant.

10. In the Guide & Workbook which of the following statements is not true about an air handler or rooftop package heat pump?

a. There will be a minimum outside air setting. 

b. There will be a design supply airflow setting.

c. The return air will always equal the supply air.

d. There will be a design return airflow setting. 
11. In the Guide & Workbook which of the following statements reflects the design of Maria’s Restaurant?

a. The Design calls for neutral pressure in regards to the outside in the dining and kitchen areas.

b. The Design calls for neutral pressure in regards to the outside in the dining and negative in regards to the outside in the kitchen areas.

c. The Design calls for positive pressure in regards to the outside in the dining and negative in regards to the outside in the kitchen areas.

d. The Design calls for positive pressure in regards to the outside in the dining and positive in regards to the outside in the kitchen areas.

12. Based on the expanded data for equipment selection in Table 9A Constant Volume 7.5 Ton… in Maria’s Restaurant Technician’s Guide and Workbook which of the following statements is not true?

a. The design temperature for the Outdoor Air does not need to be interpolated to get an accurate KBtuh rating.

b. The table shows Sensible Heat to Total Heat Ratio (S/T) for three dry bulb temperatures: 75OF, 80OF, and 85OF.
c. The table shows Comp Motor Input in KW.

d. The Table shows Total Cooling Capacity in kBtuh to one decimal place.

13. Based on the expanded data for equipment selection in Table 10A 7.5 Constant Volume (Expanded Heating Data) in Maria’s Restaurant Technician’s Guide and Workbook which of the following statements is not true?

a. The design temperature selection for the Air Temperature Entering  Outdoor Air includes 5OF and 65OF
b. The table shows Sensible Heat to Total Heat Ratio (S/T) for three dry bulb temperatures: 75OF, 80OF, and 85OF.

c. The table shows Comp Motor Input in KW to two decimal places.

d. The Table shows Total Cooling Capacity in kBtuh to one decimal place.

14. Based on Psychrometric Chart of the Human Comfort Zone in Maria’s Restaurant Technician’s Guide and Workbook which of the following statements is not true?

a. The dry bulb air temperatures are on the bottom horizontal line of the graph.
b. Relative humidity listed as RH and is shown as curved lines in the body of the graph.

c. 75OF and 50% RH meet in the designated human comfort area in the body of the graph.

d. The human comfort zone is at the top of the graph.
15. Based on Equipment selection checklist in Maria’s Restaurant Technician’s Guide and Workbook which of the following items is not considered to be important?

a. Verify the equipment capacity is adequate for the heating and cooling loads.
b. Verify the name plate data was used to size the cooling equipment

c. Verify airflow exhaust and makeup airflow designs.
d. For Heating, ensure the blower speed setting produces a safe temperature rise.

16. According to the Guide and Workbook, Manual CS provides guidance on selecting the auxiliary equipment and the crossover temperature set points based on which of the following? 

a. First cost.
b. Annualized performance analysis.

c. Cost benefit analysis.

d. Manual J weather data analysis.

17. In the Guide & Workbook which of the following was not listed as a possible result if the ducts system was designed by rules of thumb?

a. Maria’s customers’ and staffs’ health and safety may be at risk. 

b. The duct system could be noisy.

c. Operating utility costs could be higher.

d. The equipment performance could be deficient.

18. In the Guide & Workbook which of the following was not listed as one of the five duct design procedures in Manual Q? 
a. Static regain method.

b. Extended plenum method.

c. Semi-extended plenum method.

d. Static pressure method.

19. Which of the following is not listed as being used to determine duct sizing using the equal friction method for Maria’s Restaurant? 

a. ACCA duct wheel.

b. Fitting pressure drops.

c. Inlet and outlet pressure drops.

d. Straight section pressure drops.

20. Which of the following is not listed in the Guide & Work as one of the seven the steps used to prepare the duct plan? 

a. Calculate an acceptable design friction rate (FR).  

b.
Calculate an acceptable design static pressure (SP).  

c. Gather copies (or transcribed notes) of manufacturer’s blower performance data and pressure drop data for all air-side devices, such as cooling coil, boots, registers, grilles, etc.
d. Add the duct sizes to the duct blueprint.  Give copies to the code official, the building owner/agent/operator, and the duct installers.
21. Which of the following is not listed in the Guide & Work as one of the high impact items on the Air Distribution Design Checklist? 

a. Duct airway flow rates and velocities.

b. Calculation of the design friction rate.
c. Duct sketch and component list.
d. Manufacturer’s data – blower fan performance.
22. Which of the following is a true statement based on Maria’s Restaurant Technician’s Guide and Workbook?

a. 8 inch duct is rated at 350 CFM.

b. 6 inch duct is rated at 250 CFM.

c. 5 inch duct is rated at 150 CFM.

d. Rules of thumb should be ignored.
23. Which of the following is a true statement based on Maria’s Restaurant Technician’s Guide and Workbook?

a. All duct systems should have a single return located as near to the equipment as possible. 

b. All return duct systems should have a MERVE 8 filter.

c. All areas served by an HVAC system should have an unrestricted return air pathway.
d. All Commercial duct systems should be made out of galvanized metal.

24. Which of the following is not on the list of possible outcomes for improperly selecting a terminal device based on Maria’s Restaurant Technician’s Guide and Workbook?

a. Create drafts that cause Maria’s customers discomfort while dining. 

b. Keep the rooftop package unit from providing the designed airflow.

c. If too large they will not have the throw to cover the area properly causing hot and/or cold spots.

d. Collect dirt and dust on the terminal surface.

25. Which of the following is not shown on Table 13: XYZ Commercial Square Diffuser in Maria’s Restaurant Technician’s Guide and Workbook?

a. Pressure loss. 

b. CFM.

c. Ak.

d. SP.

26. Which of the following is not shown on Table 14: Diffuser Height, Velocity, and Temperature Differential Design Requirements in Maria’s Restaurant Technician’s Guide and Workbook?

a. Ceiling height. 

b. Four-way.

c. Maximum recommended heating temperature differential.
d. One-way.

27. Which of the following is not true based on the filter chart (Internal Resistance vs Filter Face Velocity) in Maria’s Restaurant Technician’s Guide and Workbook?

a. Face velocity is measured in CFM of airflow.

b. As the final face velocity of the air increases the filter’s internal resistance increases. 

c. Internal resistance is measured inches of water column.

d. At a face velocity of zero FPM the Internal Resistance would be Zero.
28. Which of the following is not shown on the diffuser Spread and Throw Chart in Maria’s Restaurant Technician’s Guide and Workbook?

a. Spread in feet.

b. Diffuser height. 

c. Deflection angle.

d. Throw in feet.

29. For the duct system design for Maria’s Restaurant in the Guide & Workbook, what noise criterion was selected?

a. NC 30. 

b. NC 35

c. NC ≥ 40.
d. NC ˂ 30.
30. When more knowledge on terminal device selection is required which ACCA Manual should be consulted?

a. Manual Q.

b. Manual CS.
c. Manual T.

d. Manual N

Part 4: Other Educational Offerings

OVERVIEW: ACCA Training Offerings

ACCA’s Educational Offerings for an Evolving Marketplace

Updated 15 September 2015
As a supplier of educational programs in the HVACR industry for well over 50 years, three factors serve as driving forces within ACCA. First and foremost is to make sure ACCA educational programs and services are of the highest quality; second is to stay a step ahead of the emerging industry needs and trends so that ACCA can offer contractors what they need when they need it, and finally be cost effective in developing and delivering educational programs and services to contractors.  ACCA’s Standards have been widely recognized and accepted by all sectors of the HVAC industry and several have become code requirements.  The chart on the right provides a snapshot view of how ACCA Manuals combine to cover the Design Process.

In advancing its training mission, ACCA avails itself to a number of approaches, from face-to-face training, to video/CD training solutions, to the online certificate program, to webinars, to ensuring its manuals/standards/guides are on the cutting edge of industry good practices, to develop educational plot forms for A) Contractors, B) Technicians, C) Consumers, D) Instructors, and E) Code Officials [see attached sheets for specifics on each]. 
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FACE-TO-FACE TECHNICAL EDUCATION (‘Classroom Setting’)
(For more information, contact www.acca.org, or call 703-575-4477)
· Residential Design For Quality Installations (RDQI):  A journeyman or higher level, three-day course covering Residential Design for Quality Installations includes: Manual J8® (Load Calculations), Manual D® (Duct Design), and the ANSI/ACCA 5-QI-2014 (HVAC Quality Installation Specification). Also included are: Manual T® (Air Distribution Basics), Manual S® (Equipment Selection), and ACCA’s Duct Slide Rule, that provides the students with all of the tools needed to properly design and supervise the installation of an HVAC system to meet code as well as Energy Star® requirements.
· Educational Program Instructor Certification (EPIC):  Residential EPIC is a master or expert level course that covers the residential design process in depth and requires the use of a Windows-based lap top computer.  Material provided and covered includes the following: Manual J8® (load Calculations), Manual S® (Equipment Selection), Manual D® (Duct Design), Manual H® (Heat Pump Systems), Manual P® (Psychrometrics), Manual T® (Air Distribution Basics), Manual TT-102® Understanding the Friction Chart), and Manual 4® (Perimeter Heating and Cooling). Commercial EPIC parallels the residential EPIC course covering ACCA’s commercial design materials: Manual CS® (Commercial Applications, Systems and Equipment), Manual N® (Commercial Load Calculation), Manual H® (Heat Pump Systems), Manual P® (Psychrometrics), Manual T® (Air Distribution Basics), and Manual Q® (Commercial Low Pressure, Low Velocity, Duct System Design)
· Seminars at ACCA meetings, conferences, and councils: ACCA’s continues to evolve its seminar classroom opportunities that are made available in conjunction with various meetings and other events.  These draw a large number of people where it is cost-effective to offer multiple learning modules:
· ACCA Conference and IE3 Indoor Air EXPO. 

· Building Performance Forum (a two-day learning experience for contractors co-sponsored by ACCA and BPI).

· National HVACR Service Managers Forum (a two-day learning experience exclusively for service managers in contracting businesses).

· Commercial Contracting Roundtable (the leading educational and networking experience for commercial HVACR contractors).

· Numerous sessions provided at monthly local ACCA chapter meetings. 

INDIVIDUALIZED STUDY

Embracing what ACCA sees as an important part in the education of the future, ACCA has developed individualized training so it can be used when and where the user wants.  Individualized study materials are available in several formats designed to meet individual needs: CDs, Videos, recorded webinars, and Manuals/Guides. ACCA’s material provides high quality training and reusable training materials at an affordable price so contractors can train employees when it is convenient.

· Quality Assurance Accreditation Programs: ACCA now offers an online training course with testing that allow contractors to receive accreditation for the Energy Star New Homes program (QA), ACCA’s Existing Homes –Residential Service & Installation (RSI), and the RSI Verifier Program.  

· Energy and Home Performance Programs: ACCA offers online training courses with testing that allow contractors to become program members.  The programs include the Quality Assured (QA) program and the Residential Service & Installation (RSI) program.

· Webinars for ACCA Members: ACCA provides members with access to the latest business practices and technology implementations through webinars.  Webinars are seen as a hybrid methodology that allows those who want to participate to have access to very specific topics when it is more convenient for them. 

· Qtech Online Training (CEU) Programs: ACCA offers online two 6 hour video QI and QH training courses with a pdf copy of the selected guide & workbook and online testing and a 3hour Manual D basics course that allows a technician to receive a certificate that is recognized for CEUs by BPI, ESCO, NATE, RESNET, and RSES.    

INDUSTRY TRAINING COLLABORATIONS
· North America Technician Excellence (NATE):  ACCA is committed to NATE certification as a mark of distinction and a way for consumers and contractors to gain a true comfort level with the professionalism of HVAC technicians.

· Instructor Workshops: ACCA has been working with the Council of Air Conditioning and Refrigeration Educators (CARE), and to develop and disseminate the information HVACR instructors want and need.
· Building Performance Forum: ACCA forum for HVAC contractors and raters involved in the home performance industry held in conjunction with the Building Performance Institute, Inc. (BPI). 
ACCA values collaborative partnerships with business entities and allied associations to advance the goal of quality education in a cost effective manner. 

Contractor: ACCA Training Offerings

ACCA’s Educational Offerings for an Evolving Marketplace
Updated 16 February, 2016

Contractor To Contractor

For access to member benefits:
 http://members.acca.org/home 
· ACCA Conference
· Mixed Groups

· Code of Professional Conduct

· ACCA Blogs

· Federal Affairs

· State Affairs

· Conference & Expo

· Industry News & Opinion

· Service Managers Forum 

· Building Performance

QA & RSI Training

Access to all contractors:
http://www.acca.org/qa/resources  
· QA Contractor Elements
· Participation Requirements

· Outdoor Load Calculation Design Conditions

· QA Sample Policy Template

· ENERGY STAR Checklists

· RSI HVAC Verifiers

Free To Members Video Training

Watch: http://members.acca.org/acca/watch 
1. Performance Reviews For Success
2. Stress in Service Contracting

3. 10 Easy Steps to Handling the Poor Performer

Plus, ACCA has an additional 133 additional Videos covering contracting management and employee relationship issues.
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Safety Downloads

Risk Management Library:
 http://www.acca.org/members/downloads    
· A SIR Program – It’s Just the Ticket!
· Who Are You Insuring?
· Who Pays for Errors?
· Conduct a “Safety” Interview
· Don’t Risk a Lot to Save a Little
· Distracted Driving: At What Cost?
· First Impressions Work Both Ways
· Set Driving Expectations
· Workers’ Compensation Fraud
· How Much Is a Good Name Worth?
· Two to Hire, Two to Fire!
· Preparing for a Flu Pandemic
· Concentrate On Safety
· Real Value or Paper Value?
· Winter Driving Woes
· Battling Mother Nature
· Business Interruption
· Add TLC to Workers’ Comp
· Back to Back Safety
Free Member Downloads 

Keeping contractors up to date:
http://members.acca.org/home 
· Residential HVAC Design for Quality Installation (Jack Rise Course)
· Technical Bulletins

· Customizable Brochures

· Comfor Tools (to be customized for distribution to customers)

· Q&A Section

· Forms and Templates

· ACCA Annual Report

· Hurricane Last Minute Essentials Guide

· Sample Emergency Management Plan

· Open for Business Planning Package

Contractor Focused CD’s & DVDs 

Training Library
   http://www.hvacessentials.com   
· Contractor Soft Skills DVD
· Convert Phone Calls into More Sales DVD

· LEED, Follow or Get Out of the Way (Book and/or CD)

Forums & Annual Meeting

Live Training & Information:
 http://members.acca.org/home 
· ACCA Conference & IE3 Expo
· Service Manager Forum

· Building Performance Forum

· Radiant & Hydronic Forum

Free To Members Audio Training

Listen: http://members.acca.org/acca/listen/ 
· The Price Is Right! How To Properly Price Commercial Services
· The Next Generation of HVAC

· Private Label Products: Are They Worth It?

Plus, 30 Additional Audio Programs addressing business related issues.

Political Action Committee
Legislation Tracking, Grassroots Action Center and Federal affairs updates on the following items brings the latest information on in following areas of interest to contractors:
http://www.capwiz.com/acca/home/ 

· Tax Legislation 
· Regional standards 

· Copper & Metal Theft 

· Healthcare

· Labor

· Commercial Energy Efficiency Incentives

· Residential Energy Efficiency Incentives

· Refrigerants

· Regional Standards

· Regulatory reform

· Small Business Capital Investment

· Transportation

Breaking News 

IE3 Media: http://www.ie3media.com/

· IE3 
· Insider Emails

· Special Interest Council News Letters:

· Building Performance

· Radiant and Hydronics

ACCA Town Hall 

Town hall discussions and issues discussed.

http://www.acca.org/members/videos
Why Join ACCA?

To become part of the leading edge in the HVACR industry and grow your business.

Learn what ACCA has to offer Contractors: http://www.acca.org/join/ 

· Free Training

· Free Technical & Legal Support

· Free Downloads

· Connect with:

· 
Customers

· 
Contractors

Technician: ACCA Training Offerings

ACCA’s Educational Offerings for an Evolving Marketplace
Updated 16 February, 2016

Video and CD Training

ACCA on line store: www.acca.org/store
HVAC Essentials
· Understanding Manual J: Heat Gain & Heat Loss in the Real World

· Understanding Manual D: Airflow & Duct Design in the Real World

· Understanding Section 608: refrigerant Handling in the Real World

· Understanding Manual N: Commercial Load Calculation in the Real World

· Understanding Quality Installation

· Understanding Electricity 

· Understanding Manual Q: Low Pressure, Low Velocity Duct Design in the Real World

· Understanding Manual Zr

· HVAC Essentials Understanding 608

· Tips for Residential HVAC Installation CD

· Control System Basics for HVAC Technicians CD

· Refrigeration and Air Conditioning 7th Edition CD set

Nate Training CDs

· Mastering Core Service CD

· Mastering Heat Pump Service CD

· Mastering Core Installation CD

· Mastering Air Conditioning Inst. CD

· NATE Air Conditioning and Heat Pumps CD

· NATE Air Distribution CD

· NATE Gas and Oil Heating CD

· NATE Hydronics CD

Mobile App

https://www.calcunow.com 
DuctWheel for iPad
Qtech Online Course Providing CEU’s

Available at: www.acca.org 
· Quality Installation

· Quality Home Evaluations and Performance Improvements

· Manual D Basics

· NATE Essentials

· Understanding Section 608

· Technician’s Guide & Workbook for Quality installations

· Technician’s Guide & Workbook for Home Performance  Improvements
Training Books and Materials 

ACCA on line store: www.acca.org/store
· Technician’s Guide & Workbook for Quality Installations

· Technician’s Guide and Workbook for Home Evaluations and Performance Improvements

· Study Guide for EPA Section 608 (English, Spanish, and Italian)

· Training Manual for EPA Section 608 (English, and Spanish)

· Section 608 Refresher Manual (English, and Spanish)

· EPA 609 Certification and Training Manual
· Calculator/Pocket Card Set

· Careers In the HVAC Industry

· Control System Basics for HVAC Technicians 

· Customer Service Handbook For HVACR Technicians

· Airflow In Ducts

· Blueprints and Plans For HVAC

· Commercial System Quick Reference (CSQR)

· Digital Controls for HVAC Technicians

· Duct Calculation Slide Rule

· Energy Efficiency Manual

· Fans and V-Belt Drives

· Geothermal HVAC: Green Heating and Cooling

· Good HVAC Practices for Residential and Commercial Buildings (ACCA)

· Green Guide

· HVAC Equations, Data, and Rules of thumb, 2nd Edition

· HVAC Licensing Study Guide

· HVAC Spanish

· Math for the Technician

· Refrigeration and Air Conditioning 7th Edition

· Modern Refrigeration and Air Conditioning, 19th Edition

· Refrigeration for HVAC Technicians How Refrigeration Works

· Troubleshooting HVAC-R Equipment

· Building Science Principles Reference Guide

· Geothermal Heat Pump Training Manual

· Tech to Tech

· How Come?

· Modern Hydronic Heating

· Pumping Away, and other really cool piping options for hydronic system

· Residential Hydronic Heating, Installation and Design

· The Lost Art of Steam Heating 

· Refrigeration for HVAC Technicians

· Bob’s House

· Duct Diagnostics and Repair
· HVAC Installation Procedures Handbook

· HVAC Maintenance Procedures Handbook

· HVAC Service Procedures Handbook

· Layout for Duct Fittings

· Manual 4 Inst. Techniques for Perimeter heating and Cooling

· Tips for Residential HVAC Installation

· HVAC Servicing Procedures Handbook

· HVAC Installation Procedures Handbook

· HVAC Maintenance Procedures Handbook

· Installing Residential Forced Air Furnaces

· Layout For Duct Fittings
NATE Training Manuals 

ACCA on line store: www.acca.org/store
· NATE A/C & Heat Pumps Manual

· NATE Air Distribution

· NATE Essentials Manual

· NATE Gas and Oil Heating

· NATE Hydronics

· Mastering Air Distribution Service

· Mastering Hydronics – Gas Service

· Mastering Gas Furnace installation

· Mastering Gas Furnace Service

· NATE Core Essentials

· NATE Air Conditioning and Heat Pumps 

· NATE Air Distribution

· NATE Gas and Oil Heating 

· NATE Hydronics 
Course Related Text and Work Books

ACCA online store: www.acca.org/store
· Technician’s Guide for Quality Installations 

· Manual B Balancing and Testing Air and Hydronic Systems

· Manual H Heat Pump Systems and Applications

· Controls – Level 1 Fundamentals

· Life Cycle Costing for HVAC Systems

· Principles of Mechanical Refrigeration

Consumer: ACCA Training Offerings

ACCA’s Educational Offerings for an Evolving Marketplace
Updated 16 February, 2016

ACCA develops innovative consumer education materials for light commercial and residential customers.  Tools are designed to help consumers locate and evaluate HVACR contractors. They help consumers recognize contractors who have differentiated themselves by offering standards-based quality installation services. Extensive web information on how to:

1. Find a contractor

2. Select a contractor

3. What questions to ask a contractor

4. What the QI is

5. Contractor proposal evaluation checklists

6. Commonly asked questions and answers

7. Texts that explain basic HVAC design and installation principles in non technical language 

Consumer Videos

Animated Videos: 
· Comfort Health Safety  http://www.acca.org/homes/  
· When Is The Best Time To Ask These Questions? http://www.acca.org/homes/  
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Videos: 

· A Guide For Home Heating and Air Conditioning http://www.acca.org/homes/  
· A Guide For Business Heating AND Air Conditioning Services  http://www.acca.org/buildings/ 
[image: image10.png]L
(%)
L)
Z
z
o
E
a
z
o
O
x
<
o)
=
<
)





Consumer Checklists

Quality Installation Checklist (English & Spanish) http://www.acca.org/homes/ 
Quality Maintenance Checklist (Residential and Commercial Versions) http://www.acca.org/homes/ 
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Frequently Asked Questions & The Right Questions To Ask

Found at: http://www.acca.org/homes/  
· Are your technicians NATE certified? NATE certification is the industry’s standard for technician excellence. You should never accept anything less.
· Do you offer continuing education to your employees? This industry changes rapidly. Ask the contractor to describe their training program.

· Can you provide local references? Get the names of neighbors who have used the company’s services, and then follow up with them.

· Do you offer a service agreement plan? Well-maintained equipment runs more efficiently and lasts longer.

· Are you properly licensed? Unfortunately, every state, city, or county could have different contractor licensing rules. Ask for proof!

· Do you follow the industry standards? Make sure your contractor knows what “Manual J” and “Quality Installation” are, just for a start. Scroll down on this page to find out what these standards are and why they are important to you!

Texts Designed For End Users
Found at: http://www.acca.org/store/ 
Bob’s House, a case study for understanding the residential HVAC design process and Manual RS- Comfort, Air Quality, & Efficiency by Design are designed to be used by those who want a basic understanding of HVAC design practices.
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Instructor: ACCA Training Offerings

ACCA’s Educational Offerings for an Evolving Marketplace
Updated 16 February, 2016

ACCA participates in HVACR Instructor Work Shops and develops education materials for light commercial and residential training.  ACCA helps instructors provide the training that contractors need today’s technicians to have.  The net result of using ACCA’s HVACR training materials is to provide students with market place skills based on the HVACR industry’s good practices and procedures.

Free Downloads From The ACCA Website
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Speedsheet Videos available at: www.acca.org/speedsheet    

Other Supporting Resource Materials Available as Free Downloads: 

Standards available at: www.acca.org/standards/quality/:

· HVAC Quality Installation Specification (English)

· HVAC Quality Installation Specification (Spanish)

· Home Performance Evaluation & Improvement

· HVAC Quality Installation Protocols

· Quality Maintenance of Residential HVAC Systems

· HVAC System Cleanliness & Restoration

· Manual J8 Long House Speedsheets and Training videos

ACCA Instructor’s Lesson Plans

ACCA has lesson plans for Instructors available on the educator’s page on the website. Lesson plans are available for: 
· EDU 1-9/2015 Instructor’s Lesson Plan for Manuals J, D, and S.

· EDU 2-9/2015 Instructor’s Lesson Plan for Technician’s Guide & Workbook for Quality Installations
· EDU 3-9/2015 Instructor’s Lesson Plan for Technician’s Guide & Workbook for Home Performance Improvement
· EDU 4-2/2016 Instructor’s Lesson Plan for Manual D Basics
Instructor’s Training Certification Manual
ACCA has a Geothermal Heat Pump Training Certification Instructor Manual available for those who wish to teach the basics of Geothermal Heat Pump design and installations.  Available at: www.acca.org/store
Instructor Power Point Presentations on CD’s

Cd’s developed for Instructor Use In the Classroom

Power points available at: www.acca.org/store 
· Controls – Level 1 Fundamentals
· Life Cycle Costing for HVAC Systems

· Principles of Mechanical Refrigeration

· Simutech–Simuair-Air Conditioning Simulator Training System

· Water Piping and Heat Pumps- Instructor 

· Residential Design Instructor Power point

· Commercial design Instructor Power Point

· 608 Certification Program  (Refrigerant Transition and recovery Certification Instructor Manual includes lesson plans and overhead masters) Procter Sign Up: http://www.acca.org/for-contractors/ 

· Understanding Section 608

North American Technical Excellence Instructor’s CDs
NATE CDs available at: http://www.nateessentials.com 

· NATE A/C & Heat Pumps Manual

· NATE Air Distribution

· NATE Essentials Manual

· NATE Gas and Oil Heating

· NATE Hydronics

ACCA’s Educational Program Instructor Certification (EPIC)

ACCA’s Educational Program Instructor Certification (EPIC) is a 4 day course designed for those instructors with a master’s level experience in HVAC systems. Participants must supply their own windows-based computer system.  The following Manuals and materials are provided by ACCA:
· Manual D (Duct Design)

· Manual J (Load Calculation)

· Manual H (Heat Pump Systems)

· Manual P (Psychrometrics)

· Manual S (Equipment Selection)

· Manual T (Air Distribution Basics)

· Manual 4 (Perimeter Heating & Cooling)

· Manual TT-102 (Understanding the Friction Chart. 
Residential EPIC available at: www.acca.org/education/epic/ 

Apprenticeship Program
ACCA developed a training series of Manuals designed to teach what contractors need entry level technicians to know.  Designed to be a two or four year program, the books are available with an Instructor’s Guide CD.  The following Courses are designed to build upon one another:

· HVACR 101 Book and Instructor’s Guide on CD

· HVACR 201 Book and Instructor’s Guide on CD

· HVACR 301 Book and Instructor’s Guide on CD

· HVACR 401 Book and Instructor’s Guide on CD

Available at: www.acca.org/store
Code Officials: ACCA Training & Resources

ACCA’s Educational Offerings for an Evolving Marketplace
Updated 16 February, 2016
ACCA develops education materials for light commercial and residential Code Officials.  Tools are designed to help them understand the basic requirements for HVACR designs.  Additionally, ACCA is available as a trusted unbiased HVACR industry expert to answer Code Official’s questions one on one when they call in. 
Building Code Requirements for ACCA Manuals

The following national codes make reference to specific ACCA procedures in order to comply. Jurisdictions that adopt these codes require the use of ACCA procedures as outlined in our technical manuals.
· The IAPMO’s Uniform Mechanical Code requires the use of Manual J (Residential Load Calculation), Manual N (Commercial Load Calculation), Manual D (Residential Duct Systems), and Manual Q (Commercial Duct Systems).

· The ICC’s International Mechanical Code requires the use of Manual D (Residential Duct Systems).

· The ICC’s International Residential Code requires the use of Manual J (Residential Load Calculation) and Manual S (Residential Equipment Selection), Manual D (Residential Duct Systems).

· The ICC’s International Energy Conservation Code requires the use of Manual J (Residential Load Calculation) and Manual S (Residential Equipment Selection).
Codes Verification Brochure’s for Manuals J, D, and S
Available at: http://www.acca.org/standards/codes/ 
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Bob’s House

A Manual designed to walk Code Officials through the whole design process on a typical home. 
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Videos for Code Officials + Continuing Education Units from ICC
Available at:  https://www.acca.org/codes/ 
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ACCA has produced a three-part video series entitled, What Code Officials Need to Know About HVAC System Design.  The three videos cover load calculations, equipment selection, and duct sizing per ACCA Manual J, Manual S, and Manual D, respectively.  As a member of the ICC Preferred Provider Program, ACCA has also developed an evaluation for code officials wishing to earn CEUs from ICC to help maintain their certifications.  The evaluation consists of a pdf of the presentation slides for note-taking, as well as a 30 question exam.

Residential System Design Review Forms
Available at:  https://www.acca.org/standards/codes/ 

Illustrated examples and review form downloads are made available for free to Code Officials

· ICC Residential System Review Form

· UMC Residential System Review Form

· Understanding & Using the System Review Form
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Outdoor temperature °F Orientation (Front door faces) 7o
Indoor temperature oF North, East, West, South, Northeast, Northwest, Southeast, Sou(hwes; T
SR Number of
Total heat loss ik Btu osamoma e
Summer Design Conditions Conditioned floor area Seen5g Ft
°
Outdoor temperature %t F Number of occupants
i Tk

Indoor temperature F Windows fap

Grains difference AGr@ % Rh Eave overhang depth Ft

Sensible heat gain Btu eteal shade S

Latent heat gain Btu Blinds, drapes, etc S ~  Depth | |Window

Total heat gain Btu Number of skylights LRI

HVAC EQUIPMENT SELECTION (IRC M1401.3)
Heating Equipment Data Cooling Equipment Data Blower Data
Equipment type Equipment type %

Furnace, Heat pump, Boiler, etc. Air Conditioner, Heat pump, etc = HeatingCFM CFM
Model Model CoolingCiM _ CFM
Heating output capacity Btu Sensible cooling capacity i Btu

Btu

Heat pumps - capacity at winter ‘design outdoor conditions

Btu

HVAC DUCT DISTRIBU

Design airflow CFM
External Static Pressure (ESP) IWC
Component Pressure Losses (CPL) IWC
Available Static Pressure (ASP) _wc

ASP = ESP-CPL

ad calculation, equipment selection,

Contractor's Printed Name

JON SYSTEM DESIGN (IRCM1601.1)

and the claims made on these forms

Latent cooling capacity

Total cooling capacity Btu

Duct Materials Used (circle)

Trunk Duct: Duct board, Flex, Sheet metal,
Lined sheet metal, Other (specify)

Longest supply duct:

Longest return duct: i Ft
Total Effective Length (TEL) _— Ft Branch Duct: Duct board, Flex, Sheet metal,
IWC Lined sheet metal, Other (specify)

Friction Rate:
Friction Rate = (ASP x 100) + TEL

were rigorously perforn

and verification.

ved based on the building plan listed

and duct system design
will be subject to review

Date

Contractor's Signature

ion to accept Required Attachme!
sed for load calculation, the:

1 The AHJshall have the discret
2 w;bddoedvemonomeuansu

Reserved for use by County, Town, Municipality, or Authorit

y having jurisdiction.

page 2 of instructions.

jors, see list on
Klist on page 13 of instructions.

rinted from approved ACCA software vend:
ged Edition Chec!

nts pl
fy residence meets requirements, see Abrid!

n veril




                     
Guidance on Approved Software Meeting Code Requirements

A brochure designed to provide guidance on approved software providers.
http://www.acca.org/standards/software/
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