Endure Consulting
1509 Fargo ND
HVAC Design Package
Prepared by Endure Consulting for the mechanical contractor or designer.
Issued with this package: 1509 HVAC Contractor Entry Sheet v1.3, spreadsheet. It carries the survey, assemblies, loads, airflow schedule and duct segments as flat values for entry into load software. This package governs if the two disagree.
What traces to the workbook: load, airflow, duct loss, static, blower, and the Bosch auxiliary-heat and capacity-comparison figures. Other equipment findings, including all Carrier and Mitsubishi figures and the Bosch alternatives in 6.5, come from literature review and are identified as such. What does not: survey dimensions, routing descriptions, manufacturer findings, scope and sequencing statements, and equipment dimensions. Those are owner survey, literature findings, or design direction.
READ THIS FIRST
What this is. A measured building survey, a preliminary load estimate and a proposed duct layout, prepared by Endure Consulting.
What this is not. A certified ACCA Manual J, S or D calculation. It was not produced in ACCA-approved software. The cooling calculation uses a simplified CLTD method at a single coincident solar hour, without room peak timing, cooling load factors or adequate exposure diversity. Do not represent it as compliant and do not build from it without running your own.
How to use it. Sections 2 and 3 are the survey: dimensions, assemblies, orientations and existing conditions, measured or confirmed by the owner except where a line says otherwise. Estimates and derived figures are marked. Enter them into your software. Section 4 states what was assumed and where it is soft. Sections 5 through 7 are the load, the equipment findings and the duct layout. Section 8 is what is still open.
If your result differs materially, review both the survey inputs in sections 2 and 3 and the assumptions and method limitations in section 4. The survey is closed. Section 4 is where the answer moves, and the short list in 8.5 is field work on conditions that do not exist yet, not missing survey data.
Equipment selection is yours. Section 6 records the three families already examined, what each one does and does not support, and the manufacturer questions to settle before committing to the Bosch line, so that work does not get done twice.
1. Project summary
	Scope
	New ducted air source heat pump with electric resistance auxiliary heat, serving the main floor and finished half-story

	Existing to remain
	Gas furnace in the basement, serving basement and crawl only. No new ductwork below the main floor

	Air handler location
	Attic over the north wing, horizontal, inside the thermal envelope

	Zoning
	Single zone. Considered and set aside; see 7.2

	Ventilation
	Separate balanced ERV, selected, by others. No connection to the heat pump ductwork. Coordinate but do not modify without written authorization

	Preliminary design heating
	29,722 Btu/h at -20 F, moderate infiltration

	Preliminary design cooling
	15,110 Btu/h building load, 1.26 tons

	Duct design reference airflow
	900 CFM, preliminary, based on the current Bosch heat-kit concept. Final system and room airflows depend on equipment selection

	Equipment examined
	Bosch IDS Edge Max, Carrier Infinity, Mitsubishi SVZ



2. Building survey
2.1 Site
1509 Fargo ND 58103. 46.8635 N, 96.8041 W. Elevation 900 ft. IECC and ASHRAE climate zone 7. Weather reference KFAR, station 727530.
2.2 Areas and volumes
	Main floor, inside exterior walls
	approximately 840 sq ft

	Half-story, inside exterior walls
	approximately 365 sq ft

	Conditioned area on the heat pump
	approximately 1,205 sq ft

	Basement, full height
	620 sq ft

	Crawl space
	230 sq ft

	Floor over basement and crawl
	850 sq ft

	North wing gross envelope volume
	4,515 cu ft

	South portion gross envelope volume
	8,565 cu ft

	Above-grade gross envelope volume
	13,080 cu ft

	Basement volume
	approximately 4,400 cu ft

	Crawl volume below the joists
	approximately 575 cu ft, giving 2.5 ft clear. 2.75 ft including the joist bays



Gross envelope volumes are measured to inside faces and the underside of ceilings and slopes, from top of subfloor, and include interior partitions and the inter-floor assembly.
Floor area reconciliation. The gross figures above are measured inside the exterior walls. The room areas in sections 2.3 and 2.4 are net. They reconcile as follows, so no floor area is unaccounted for:
	 
	Main floor
	Half-story

	Rooms listed in 2.3 and 2.4
	765 sq ft
	307.5 sq ft

	Stairs and landing footprint, from the stated volumes
	32 sq ft
	49 sq ft

	Subtotal
	797 sq ft
	357 sq ft

	Stated gross
	840 sq ft
	365 sq ft

	Residual, interior partition thickness
	43 sq ft
	8 sq ft



The stairs and landing are described in sections 2.3 and 2.4 with their volumes but carry no supply register; their loads are reallocated as described in 5.2. A contractor entering rooms individually will find the room sum falls about 5 percent short of the gross figure. That difference is partitions, not missing space.
Room-volume sums for reference: north wing 3,263, south portion 5,420.
Two reconciliation gaps, both unresolved. The south sum of 5,420 exceeds the rooms listed in 2.3 and 2.4, which total 5,273. Sixty cubic feet of that 147 is the half-story attic pocket; the remaining 87 is interior partitions and framing. The north gross envelope of 4,515 exceeds its listed rooms of 3,263 by 1,252 cu ft, which is the north conditioned attic volume plus partitions and the inter-floor assembly, and it has not been decomposed.
2.3 Rooms, main floor
Wall lengths are inside dimensions. Ceiling heights are to the highest point. Exposure is exterior, interior, or the named buffer space.
Master bedroom, southeast corner
Ceiling 8 ft 6 in. Floor 162 sq ft. Volume 1,375 cu ft.
	Wall
	Length
	Exposure
	Openings

	North
	13 ft
	Interior
	 

	East
	14 ft 3 in
	Exterior
	 

	South
	13 ft
	Exterior
	Two 33 x 63 in the bump-out

	West
	1 ft 3 in
	Exterior
	 

	West
	7 ft 3 in
	To three-season porch
	 

	West
	5 ft 3 in
	Interior
	 



A 6 ft 3 in by 1 ft 6 in bump-out on the south wall holds the two windows. The floor and ceiling both project and each receives 11 in Rockwool, so the bump-out is a conditioned projection with an exposed floor and roof. Two surfaces are added to the model: 6.6 sq ft of cantilevered floor and 6.6 sq ft of roof, measured to the inside face of the walls. Measured to the exterior face they are 10.85 sq ft each; the difference is about 9 Btu/h. It is full room height and shares the same top of subfloor as the second storey. The recorded wall and floor areas already account for the bump-out, so no separate side wall is modeled. Its 6.6 sq ft of floor is over outdoor air rather than over the basement, so that area is removed from the master bedroom share of the 850 sq ft floor transfer.
Master bathroom, middle east
Ceiling 8 ft 1 in. Floor 78 sq ft. Volume 620 cu ft.
	Wall
	Length
	Exposure
	Openings

	North
	7 ft
	Interior
	 

	North
	2 ft 9 in
	Exterior
	 

	East
	9 ft 3 in
	Exterior
	One 30 x 48.5 fixed

	South
	9 ft 9 in
	Interior
	Door to master bedroom

	West
	11 ft
	Interior
	 



The west side jogs 3 ft east at the base, forming a 3 ft by 3 ft notch. Above that it runs straight for part of the height on the south side, then slopes south following the stairs. The notch is already excluded from the stated area and volume. That side borders the stair volume on all three levels and includes the under-stair closet.
Three-season porch, southwest corner. Unconditioned. 1920s addition
Ceiling 7 ft 3 in. Floor 72 sq ft. Volume 520 cu ft. Hipped roof.
	Wall
	Length
	Exposure

	North
	9 ft 6 in
	Interior

	East
	7 ft 6 in
	Interior

	South
	9 ft 6 in
	Exterior

	West
	7 ft 6 in
	Exterior



Dining room, middle west
Ceiling 8 ft 8 in. Floor 109 sq ft. Volume 945 cu ft.
	Wall
	Length
	Exposure
	Openings

	North
	8 ft
	Interior
	Approximately 3 ft 6 in opening to the kitchen

	North
	2 ft
	Exterior
	 

	East
	11 ft 6 in
	Interior
	5 ft 9 in opening to the stairs

	South
	10 ft
	To three-season porch
	36 x 80 half-glass door

	West
	11 ft 6 in
	Exterior
	Two 30 x 60



Kitchen, including buffet and laundry
Ceiling 7 ft 11 in. Floor 185 sq ft. Volume 1,475 cu ft.
	Wall
	Length
	Exposure
	Openings

	North
	18 ft 6 in
	Interior, shared with the living room
	 

	East
	9 ft 8 in
	Exterior
	One 30 x 48.5 fixed

	East
	3 ft 6 in
	Interior
	Basement doorway

	South
	18 ft 6 in
	Interior
	Approximately 3 ft 6 in opening to the dining room

	West
	5 ft 8 in
	Interior
	 

	West
	7 ft 6 in
	Exterior
	 



Main floor half bathroom
Ceiling 7 ft 8.5 in. Floor 19 sq ft. Volume 150 cu ft. No window.
	Wall
	Length
	Exposure

	North
	3 ft
	Interior

	East
	6 ft 3 in
	Interior

	South
	3 ft
	Interior

	West
	6 ft 3 in
	Exterior



Living room, north end
Ceiling 7 ft 8.5 in. Floor 212 sq ft. Volume 1,638 cu ft.
	Wall
	Length
	Exposure
	Openings

	North
	18 ft 6 in
	Exterior
	Three 30 x 48.5 fixed

	East
	11 ft 7.5 in
	Exterior
	 

	South
	18 ft 6 in
	Interior, shared with the kitchen and the half bathroom
	 

	West
	10 ft 8.5 in
	Exterior
	36 x 80 insulated steel door



Stairs, main level
Volume 250 cu ft, all interior at this level. The landing opens west to the dining room and east to the master bedroom door.
2.4 Rooms, half-story
West bedroom, northern west
Floor 109 sq ft. Volume 565 cu ft. Door 28 in wide.
	Surface
	Dimension
	Area
	Exposure

	West wall
	11 ft 3 in north to south
	58 sq ft
	Exterior. One 28 x 52 double hung

	East wall
	11 ft 3 in north to south
	58 sq ft
	Interior

	North pony wall
	9 ft 8.5 in east to west, 2 ft 8.5 in high
	 
	Exterior

	South pony wall
	9 ft 8.5 in east to west, 2 ft 8.5 in high
	 
	Exterior

	North sloped ceiling
	to the peak
	72 sq ft
	Exterior

	South sloped ceiling
	to the peak
	72 sq ft
	Exterior



South bedroom, southern
Floor 141.5 sq ft, carried as 142 in the model allocation table. Volume 830 cu ft. Door 28 in wide.
	Surface
	Dimension
	Area
	Exposure

	South wall
	13 ft 2 in east to west
	77 sq ft
	Exterior. One 28 x 52 double hung

	North wall
	13 ft 2 in east to west
	77 sq ft
	Interior

	East pony wall
	10 ft 9 in north to south, 2 ft 9 in high
	 
	Exterior

	West pony wall
	10 ft 9 in north to south, 2 ft 9 in high
	 
	Exterior

	East sloped ceiling
	to the peak
	97.5 sq ft
	Exterior

	West sloped ceiling
	to the peak
	97.5 sq ft
	Exterior



Full bathroom, northern east
Flat ceiling 7 ft 1 in over 24 sq ft. Floor 57 sq ft. Volume 338 cu ft. No window.
	Wall
	Length
	Area
	Exposure

	North
	7 ft
	42 sq ft
	Exterior

	East
	8 ft
	 
	Interior

	South
	7 ft
	 
	Interior, shared with the south bedroom

	West
	8 ft
	 
	Interior, door onto the landing



Stairs, upper level
Volume 350 cu ft. North exterior wall 40 sq ft. Flat ceiling 25 sq ft. The landing opens to the west bedroom, south bedroom and full bathroom.
Half-story attic pocket
One space above the bathroom and stairwell flat ceilings, both of which are hard ceilings. Inside the thermal envelope. Supply ductwork runs through it.
	Roof area
	153 sq ft, derived as the remainder of the 492 sq ft half-story roof total after the bedrooms take their slopes

	North gable wall
	approximately 6.5 sq ft

	Volume
	approximately 60 cu ft



The matching south-facing area opens into the south bedroom and is carried there.
	Orientation
	Pocket roof

	East
	73.5 sq ft

	West
	28.5 sq ft

	North
	25.5 sq ft

	South
	25.5 sq ft



2.5 North wing attic
	Floor area
	464 sq ft, measured

	Roof plane
	489 sq ft, derived at 4:12

	Gable end above the ceiling
	approximately 23.5 sq ft. Span and pitch alone would give 28.5

	Ridge
	North to south. Roof planes face east and west

	Ceiling joists
	2x6, running east to west. Stick framed, no trusses

	Clearance datum
	24.5 in at the ridge, from the top of the original 2x6 ceiling joist to the underside of the rafter

	Available clear width at height h above the chord top
	6 x (24.5 minus h) inches



The 489 sq ft is a single total. Its division between the east and west facing planes is not decomposed here and the ridge is not confirmed as centered, so a designer entering roof surfaces by orientation makes that split as a modeling decision. It does not change the result in this package, because the cooling method in 4.6 applies one roof CLTD to every plane regardless of orientation. It matters only under an orientation-aware method.
Insulation is at the roofline. The attic is inside the thermal envelope and holds the air handler and both plenums.
2.6 Half-story roof
	Orientation
	Area
	Pitch
	Ridge

	East
	171 sq ft
	11.5 in 12
	North to south

	West
	126 sq ft
	11.5 in 12
	North to south

	North
	97.5 sq ft
	10.5 in 12
	East to west

	South
	97.5 sq ft
	10.5 in 12
	East to west



Total 492 sq ft.
3. Construction
Main floor exterior wall. 2x6 at 16 in on center, Rockwool batt in the 5.5 in stud cavity, 7/16 in ZIP sheathing taped. Insulation is Rockwool batt throughout, sized to the cavity depth. Main floor walls are modeled at nominal R-23 in the 5.5 in cavity. Half-story surfaces are modeled at nominal R-15 in the 3.5 in cavity, which is what will be installed.
Framing is minimal throughout. Single jack and single king at each opening. No cripples under the sill. No doubled sill plates. Minimum lumber per opening.
Headers are insulated boxed 2x6 where a header exists. The north openings carry no header. The south openings carry a single ply with insulation on the inside.
Half-story. Rockwool batt in the 3.5 in cavity in every wall and ceiling including all gables, with two exceptions: the south pony walls at 5 in in a 2x6 cavity, and the full bathroom north wall as 3.5 in cut-and-cobble XPS with poly over it.
Framing is 1904, original to the house. The half-story is stripped before insulation. Most surfaces are lath and plaster; the north, east and west pony walls and part of the south bedroom ceiling will be finished in drywall.
North wing roof. Rockwool batt in the 5.5 in rafter cavity, modeled at nominal R-20. Insulation is at the roofline, not the ceiling deck. The north attic gable end is 5.5 in Rockwool in a 2x6 cavity, the same as the main floor walls.
Floor to basement and crawl. Open 2x8 joist bays, intentionally uninsulated. Finish floor plus subfloor only. This is deliberate: the basement is held at 60 F and the downward transfer is carried as a heat pump load.
Basement and crawl. 1904 brick at full height, original to the house. CMU under the living room, approximately 1960s. Crawl floor is bare dirt. A sealed poly ground cover is planned and not yet installed. Crawl walls are thin plastic over fiberglass on the interior face of the CMU. Rim joist fiberglass to be replaced with Rockwool. No exterior insulation; the above-grade foundation is being sealed from outside.
Approximately 4 ft 6 in below grade. Exposed above-grade height is approximately 2 ft 9 in of brick or CMU face, plus about 7.25 in of 2x8 joist depth at the rim, so the total exposed assembly height is roughly 3 ft 4 in. Distinguish the two when computing above-grade foundation area.
The area over the crawl is the living room, the main floor half bathroom, and the northwest corner of the kitchen.
3.1 Glazing
Main floor, Silex 2100 triple glazed. Manufacturer data U-0.15, SHGC 0.27, VLT 0.46, 1.5 in frame. Top of frame at 6 ft 10 in above finished floor.
	Unit
	Size
	Qty
	Location
	Orientation
	Area

	Fixed
	30 x 48.5
	3
	Living room north
	North
	30.31 sq ft

	Fixed
	30 x 48.5
	1
	Kitchen east
	East
	10.10 sq ft

	Fixed
	30 x 48.5
	1
	Master bathroom east
	East
	10.10 sq ft

	Operation not recorded
	30 x 60
	2
	Dining west
	West
	25.00 sq ft

	Operation not recorded
	33 x 63
	2
	Master bedroom south bump-out
	South
	28.88 sq ft



Total 104.39 sq ft. All nine units are Silex 2100 at the U and SHGC above. Operation of the 30 x 60 and 33 x 63 units is not recorded and is not a model input.
Half-story. Two units, 28 by 52, 10.11 sq ft each. Vinyl double hung double pane. Existing units. No NFRC label, manufacturer identification or product data exists and none is obtainable, so U-0.32 and SHGC 0.55 stand as assigned for the life of the design. West bedroom west wall, south bedroom south wall.
Basement. Three units. One east operable possibly with a storm, one west with a storm sealed up, old wood and single pane. One west glass block.
Porch. Approximately 9 sq ft south and 9 sq ft west, single pane.
3.2 Doors
	Door
	Size
	Location
	Notes

	Insulated steel
	36 x 80
	Living room west wall
	Exterior, in the energy model

	Half glass
	36 x 80
	Dining room to the three-season porch
	Buffered, in the energy model. Metal door, upper partial glass, double pane, approximately 20 years old. No further product data exists

	Half-story bedroom doors
	28 in wide
	West and south bedrooms
	Interior. Not in the energy model. Listed because the transfer air requirement in 7.11 is expressed as clear free area on a 28 in door



3.3 Existing and separate mechanical
Energy recovery ventilator, already selected, not in this scope. Panasonic Intelli-Balance 100 cold climate, FV-10VEC2. 80 CFM continuous, balanced. Basement, at the plumbing stack chase, on dedicated hard pipe, entirely independent of the heat pump. No condensate connection required. East elevation with separate intake and exhaust hoods.
Supply: living room 30 CFM, master bedroom 25, half-story south bedroom 25.
Exhaust: half-story bathroom 30 CFM, master bathroom 25, main floor half bathroom 25.
This is the only bathroom exhaust; there are no bath fans.
Kitchen range hood and makeup air. Hood 300 CFM by others. Dedicated makeup air is mechanical scope, in base bid: outdoor intake, filter, hood-interlocked motorized damper, inline fan, inline electric duct heater, delivered low at the kitchen toe kick. Separate system from the ceiling supply.
Laundry. Existing conventional vented dryer and washer in the basement, retained. The dryer is the only unbalanced exhaust path in the house. The range hood is matched by its dedicated powered makeup air and is net neutral. The main floor laundry area within the kitchen zone is plumbed and wired but has no appliance assigned.
Water heater. Electric.
Retained furnace. Bryant 925SA condensing gas furnace in the basement, serving basement and crawl only. Its vent and combustion air configuration is outside this scope.
Access. Planned attic hatch at the northwest corner of the master bathroom. A second hatch at the top of the stairs landing.
3.4 Framing coordination, already planned
The header separating the north portion of the master bathroom from the area beneath the half-story will be lowered before mechanical work begins, to pass three ducts beneath the ceiling.
All framing modification is coordinated by the owner in advance of the mechanical trade.
4. Assumptions
Everything here is a published design input, an assignment, a judgment or a derivation, rather than an independently measured building fact. If your load differs from ours, look here first.
4.1 Design conditions
	 
	Value
	Note

	Heating design outdoor
	-20 F
	Owner judgment, conservative of the 99% value near -17 to -18 F

	Indoor heating
	70 F
	 

	Cooling design outdoor
	91 F DB, 72 F coincident WB
	 

	Indoor cooling
	75 F DB, 50 percent RH
	Manual J default

	Design grains difference
	24.47 gr/lb
	Computed at the elevation-corrected pressure of 14.224 psia

	Owner stress case
	-30 F
	Not a design condition. Used only to test auxiliary heat



4.2 Buffer temperatures
	Space
	Assumed
	Note

	Basement, heating
	60 F
	Maintained by the retained furnace. A design input, not a preference. If both basement and crawl fall to 50 F the whole 2,635 Btu/h floor term roughly doubles. If only the basement falls, the increase is about 1,922 Btu/h

	Crawl, heating
	60 F
	Assumed equal to the basement. No register, heated only by open connection, and the CMU has no exterior insulation. At 50 F the transfer under the north wing rises 713 Btu/h

	Porch, heating
	40 F
	Insulated but leaky, with a 1,000 W baseboard. Assigned

	Porch, cooling
	83 F
	Assumed



The porch hipped roof laps a small part of the south and west facing pony walls. That overlap is deliberately not modeled as buffered; those surfaces carry full exterior difference, which is conservative.
4.3 Assembly U-values
Derived by parallel path. Common layers added to every path: main floor wall 2.65, half-story walls 3.00, sloped ceilings 2.13.
	Assembly
	Cavity R
	Framing R
	Header R
	Fractions
	U

	Main floor wall
	23
	6.9
	16
	0.810 / 0.155 / 0.035
	0.0497

	Half-story wall, 3.5 in Rockwool in 2x4
	15
	4.4
	 
	0.75 / 0.25
	0.0755

	Half-story south pony, 5 in Rockwool in 2x6
	21
	6.9
	 
	0.77 / 0.23
	0.0553

	Half-story bath north wall, XPS
	17.5
	4.4
	 
	0.75 / 0.25
	0.0704

	Half-story sloped ceiling
	15
	4.4
	 
	0.90 / 0.10
	0.0679

	North wing cathedral roof
	20
	6.9
	 
	0.90 / 0.10
	0.0517



Worked example, main floor wall: 0.810/(23+2.65) + 0.155/(6.9+2.65) + 0.035/(16+2.65) = 0.0497.
Assumptions behind these. Nominal Rockwool R-values as tabulated above; XPS at R-5.0 per inch. Framing fractions are estimated from the construction description, not counted.
Gable assemblies are resolved. The north attic gable end is the main floor assembly, 5.5 in Rockwool in a 2x6 cavity, owner-confirmed. Upstairs gables are all 3.5 in, and the 5 in applies to the pony walls only.
Assigned without derivation: main floor glazing U-0.15 published; half-story glazing U-0.32 and SHGC 0.55 assigned, no NFRC data and none obtainable; insulated steel door U-0.20; half-glass door U-0.32; floor to basement U-0.31.
4.4 Infiltration
Bracket 0.30 to 0.50 ACH natural, design carries 0.50, applied to the above-grade volume of 13,080 cu ft. No blower door test before installation.
Basis: whole-house leakage estimated at 5 to 9 ACH50 from the enclosure description, converted at an LBL divisor near 18. Both the leakage estimate and the divisor are assigned.
The volume basis is a judgment. This is an assigned above-grade zone rate, selected so basement and crawl infiltration is charged to the retained furnace rather than the heat pump. It is not a direct conversion of a whole-house figure, because a whole-house rate cannot be applied to one zone without also assuming a leakage split nobody has established. It cannot represent stack effect across the connected boundary.
Against the full 18,055 cu ft pressure boundary the moderate design heating load would be roughly 33,500 rather than 29,722 a 13.5 percent difference.
Get a blower door test after the envelope closes and before the air balance.
4.5 Ventilation performance
	 
	Value
	Note

	Rate
	80 CFM continuous, balanced
	Project selection. The unit adjusts 30 to 100

	Sensible recovery, mild
	0.75
	Assigned. Manufacturer publishes 65 percent at -13 F and 57 CFM, not at project conditions

	Sensible recovery at design
	0.65
	Assigned, derated for defrost

	Latent recovery, cooling
	0.50
	Assigned. Manufacturer publishes 60 percent total at 95 F and 49 CFM. At zero recovery the latent load rises 647 Btu/h and SHR falls to 0.818



4.6 Cooling method, and where it is weakest
	Wall CLTD
	Cooling difference plus 15, giving 31 F
	Generic rule of thumb. Applied uniformly regardless of orientation

	Roof CLTD
	46 F
	Generic and orientation blind. Applied identically to ten roof plane segments spanning 18.4 to 43.8 degrees across four orientations. See 8.3

	Peak solar factors
	N 24, E 24, S 42, W 216 Btu/h per sq ft
	Assigned, informed by NSRDB TMY at the coincident west-peak hour times the 0.87 reference-glass transmission. Not ACCA table values. The irradiance series and transposition are outside the model and not attached, so these are not reproducible from this package. A single hour cannot represent each room's own peak

	Cooling infiltration
	0.50 of the heating airflow
	Assigned

	Internal gains
	4 occupants at 230 sensible and 200 latent, 1,200 Btu/h kitchen appliance
	Assigned

	Blower motor heat
	687 Btu/h at cooling high stage
	From the manufacturer blower power table. Carried as a coil-load quantity, not a building property

	Crawl moisture transfer
	Omitted
	Conditional on the planned poly ground cover being installed. Until it is, the latent result is incomplete



5. Preliminary load estimate
A cross-check against your calculation, not an input to it.
5.1 Whole building
	Design heating, tight infiltration
	25,518 Btu/h

	Design heating, moderate. Design case
	29,722 Btu/h at -20 F

	Outdoor-dependent UA
	296.7 Btu/h per deg F

	Constant term, floor 2,635 plus porch 383
	3,018 Btu/h

	Approximate heating load while the 60 F basement and crawl and the 40 F porch buffer conditions hold
	Q(T) = 296.7 x (70 - T) + 3,018

	Design cooling, building load
	15,110 Btu/h, 1.26 tons, SHR 0.846

	Design cooling, at the coil with Bosch fan heat
	15,798 Btu/h, 1.32 tons, SHR 0.852



The floor and porch terms are constants and do not scale with outdoor temperature, because the basement is held at 60 F and the porch at 40 F. Folding them into UA overstates the building UA and flatters every balance point computed from it.
Two cooling numbers, and they are for different purposes. The building load excludes equipment fan heat and applies to any candidate. The coil load includes 687 Btu/h of Bosch blower heat and applies only to Bosch. Fan power belongs to the selected blower, not to the building.
5.2 Room by room
	Room
	Heating, moderate
	Cooling total

	Living room
	5,047
	1,778

	Kitchen
	1,924
	1,594

	Main floor half bathroom
	488
	110

	Dining room
	2,291
	2,450

	Master bedroom
	4,205
	1,702

	Master bathroom
	1,211
	305

	Half-story west bedroom
	2,942
	2,649

	Half-story south bedroom
	4,491
	2,085

	Half-story bathroom
	446
	123

	Stairwell, upper
	443
	123

	North wing attic
	4,575
	1,579

	Half-story attic pocket
	1,661
	611



Both attic spaces are inside the thermal envelope, so they carry load, and neither gets a supply register. Together they are 21 percent of the heating load. That load still has to be covered, so it is added to the rooms that will actually be heating those spaces through the openings between them.
The north attic load goes to the living room, kitchen and half bathroom in proportion to the ceiling area below it. The half-story pocket goes to the half-story bathroom and the stairwell. The stairwell has no register either, so its share moves on to the three half-story rooms by floor area. Those splits are judgment, not calculation. The alternative was a supply in the stairwell, which was not taken.
5.3 What is most likely to move your number
Infiltration is 36 percent of the heating load and there is no blower door result yet. The test happens after the envelope closes, which is after equipment is bought, so the design deliberately carries 0.50 ACH natural, the leaky end of the bracket in 4.4. Bid to that. A tighter measured result moves the balance point and the auxiliary heat run time, not the equipment class.
Three rooms are sized by cooling rather than heating, so their branches follow the cooling share: the kitchen, the dining room and the half-story west bedroom. The west bedroom takes about 1,381 Btu/h of solar through one 28 by 52 double hung with no overhang, on 109 sq ft of floor. The dining room takes about 1,676 through 25 sq ft of unshaded west glazing. Both are west facing with nothing over them.
6. Equipment: examined, none selected
No equipment is selected. What follows is the three families already examined and what remains to be settled on each.
6.1 What the load asks for
Project criterion: auxiliary heat alone must carry the full design load with the compressor unavailable. This is a conservative owner requirement, not a universal Manual S rule. It takes zero compressor credit regardless of available low-temperature output, which for the leading candidate is roughly 9,500 Btu/h near the design condition.
	Condition
	Load
	10 kW at 34,120 Btu/h
	Generic 8.0 kW at 27,296

	-20 F design
	29,722
	+14.8%
	short

	-30 F event
	32,689
	+4.4%
	short



A nominal 10 kW class is the minimum under the project criterion, provided measured voltage and actual heater output leave margin above the break-even below. A generic 8.0 kW kit does not meet the design condition, which retires several otherwise plausible cabinets. The Bosch EHK-08B is nominally 7.5 kW, not 8.0, so it falls further short.
Service voltage matters and 240 V nominal is not the requirement. The arithmetic threshold is 235 V line-to-line for the -30 F criterion and 224 V for the -20 F design load, each rounded up because a break-even rounded down is not a break-even. Measure under full auxiliary load, not at rest, and allow margin above the break-even. At 208 V a 10 kW kit produces about 25,628 Btu/h and does not cover the design load.
6.2 Bosch IDS Edge Max. Examined, not selected.
BOHA-24MTB-M18S outdoor, EHK-10B kit.
The indoor unit designation is unresolved and it undermines the certified data below. The AHRI 210/240 performance table in the Edge Max condensing unit specification lists the paired 2-ton indoor unit as BIVA-24RCB-M20X. The current air handler product specification, April 2026, describes the cabinet family as BIVB24 through BIVB60. Every certified capacity figure in this section comes from the BIVA row.
Either BIVB is a series revision whose certificate has not been reissued, or the certified ratings do not apply to the unit that would actually be purchased. That has to be settled with Bosch before any of the capacity figures below can be relied on. Two AHRI certificates also appear in our records, 218032211 and 218160624, and we have not established which governs.
Heating capacity, maximum line, from the BIVA-24RCB-M20X certified row: 30,290 at 47 F, 23,080 at 17 F, 20,100 at 5 F, 8,650 at -22 F. The 47, 17 and 5 F points are AHRI-certified rating conditions. Minus 22 F is not an AHRI standard test point; it is manufacturer extended or NEEP-listed low-temperature data. The minus 13 and minus 20 F figures used in the model are interpolated between the published 5 F and minus 22 F points. Balance point approximately 9.0 F against this load. Rated capacity at 5 F exceeds rated at 17 F because input power rises from 1.95 to 3.08 kW between those points; those are three test points at different compressor speeds, not a curve.
Multiple manufacturer, calculation, installation and project-input gates block selection, starting with the indoor unit designation above. See 8.1 and 8.4.
Cabinet 21-5/8 deep by 19-5/8 wide by 46-1/2 long, 118 lb. Front service clearance 25 in per the specification drawing; the IOM condensate section says 24. Build 25. The IOM also requires 40 in at each cabinet end in the horizontal position, and requires the first 6 inches of supply plenum and ductwork to be sheet metal, which constrains the removable-plenum approach in 7.8.
6.3 Carrier Infinity. Live alternate, unverified.
27VNA024 outdoor, FE5B air handler, 10 kW kit, Infinity control required.
A verified constant-airflow configuration may avoid the specific fixed-tap and system-curve conflict in 8.1, subject to Carrier airflow programming, static limits, heat kit requirements and controls. That is the reason to price it.
6.4 Mitsubishi SVZ ducted. Blocked.
SUZ-AK24NLHZ with SVZ-AP24NL. PA79D407H07 section 4.2.2 requires a minimum installation room ceiling height of 2.2 m for the indoor unit. The attic clearance datum in section 2.5 is 24.5 in from the joist top to the underside of the rafter; even measured to the roof deck it does not approach 2.2 m. That is a property of the space, not the equipment. Auxiliary heat is also capped at 8 kW by the cabinet, which does not meet the design condition.
This clause was verified for that one indoor unit's manual. Other Mitsubishi families were not checked and should not be assumed blocked.
6.5 Bosch alternatives evaluated and rejected
Three ton at 30,100 Btu/h cooling is 2.0 times the load and needs 1,050 to 1,350 CFM with a heat kit. That materially raises total and branch airflow and would require a complete revised room allocation and duct network.
Mixed pairing, three ton outdoor on the two ton air handler: certified data shows all four certified three-ton-on-two-ton pairings rate at 24,000 Btu/h at 47 F, identical to the two ton pairings, and the best delivers 17,400 at 5 F against 20,100 for the standard pairing. Their minimum modulated cooling is 12,400 to 12,600 against 9,260, and published capacity stops at -4 F.
7. Proposed duct layout
A starting layout. Sizes are calculated against the load in section 5 at 900 CFM. Check them against your own load before fabricating. The routing is the part least likely to change, because it was walked in the building against real obstructions.
7.1 Duct design reference airflow
900 CFM, preliminary. It is the current Bosch heat-kit high-stage scenario, not a universal project design airflow. No equipment is selected, candidate airflows differ, and the Bosch clean high-stage operating point solves near 919 CFM rather than 900.
A room airflow calculation from sensible load and supply air temperature has not been performed and cannot be until equipment is selected and its leaving air conditions are known. Any figure you may see quoted for a load-based design airflow in earlier project material is not supported.
On the leading candidate, the blower goes to high stage whenever the elements energize and the manufacturer imposes a minimum airflow per ton with a kit installed. This is candidate and control specific; confirm it for whatever you select. Size on that condition. Duct sized below the commissioned airflow cannot be corrected after fabrication.
Room airflow is scheduled as a share of system airflow, not a fixed CFM, because total airflow differs between heating, cooling and auxiliary heat and differs between candidates.
Be aware of what the schedule is. It is the larger of each room's heating and cooling share, renormalized to 100 percent. Those larger-of shares sum to more than 100 percent, so every outlet receives less than its governing mode wants, by roughly 16 to 17 percent in several rooms. It is a proportional allocation of a preselected total, not a room airflow requirement derived from sensible load and supply air temperature. That calculation has not been done and cannot be until equipment is selected.
7.2 Why single zone
The half-story branch is designed for roughly 311 CFM against a blower whose minimum output on the leading candidate is near 660 CFM. On a fixed-tap constant-torque blower, closing a zone damper on a branch that size raises static more than it reduces flow. The response differs on a constant-airflow blower. In cooling, isolating the half-story would deliver the equipment minimum into 365 sq ft.
This is a conclusion about the current Bosch arrangement, not about every possible equipment or control design. Half-story comfort is addressed instead by a dedicated return at the stairwell, locked branch balancing, and a remote temperature sensor upstairs.
7.3 Supply schedule
	Mark
	Room
	Share
	CFM at 900
	Branch
	fpm

	S-1
	Living room
	20.59%
	184
	8 in round
	527

	S-2
	Kitchen
	15.09%
	136
	7 in round
	509

	S-3
	Dining room
	14.39%
	130
	6 in round
	662

	S-4
	Master bedroom
	11.73%
	106
	6 in round
	540

	S-5
	Master bathroom
	3.38%
	30
	4 in round
	344

	S-6
	Half-story west bedroom
	16.46%
	148
	7 in round
	554

	S-7
	Half-story south bedroom
	14.19%
	128
	7 in round
	479

	S-8
	Half-story bathroom
	4.18%
	38
	4 in round
	435

	 
	Half-story trunk
	34.83%
	314
	9 in round
	711. See 8.2



No supply is presently allocated to the main floor half bathroom. The ventilator would exhaust 25 CFM from it continuously, drawing conditioned air through the door, and its share is assigned to the kitchen. The room carries about 500 Btu/h of design loss. Confirm in the final room airflow calculation that transfer air holds its design temperature with the door closed. If it does not, run a small supply to it.
Velocity criteria: supply branch 700 fpm general, 600 fpm to sleeping rooms. Return branch 600 general, 500 to sleeping rooms. These are owner acoustic criteria, not code limits or Manual D table values.
7.4 Return schedule
Each return is sized to the heat pump supply delivered into the space it serves with doors closed, so heat pump returns reconcile to heat pump supplies. The ventilator adds a small interzonal transfer on top of that, roughly 5 CFM between the main floor and half-story groups, which must be included in room pressure commissioning.
	Mark
	Serves
	CFM at 900
	Branch
	fpm

	R-1
	Living room northwest corner. Living, kitchen, dining, half bathroom
	450
	26 x 6 rectangular
	415

	R-2
	Stairwell. Half-story through the open stair
	314
	18 x 6 rectangular
	419

	R-3
	Master bedroom northwest corner. Master suite
	136
	8 in round
	390



R-1 and R-3 are low wall grilles about 8 in above the subfloor, so base trim runs beneath them and they pull the coldest air off the floor. R-2 is in the stairwell.
Do not use the attic or any ceiling cavity as a return plenum. All return air is ducted.
Why R-1 is rectangular
Where R-1 turns north it crosses the ceiling joists and rides on top of them. At a centerline about 30 in west of the ridge, clear height is 14-1/2 in from the top of the original joist to the underside of the rafter.
	Option at 450 CFM
	Velocity
	Clearance
	 

	14 in round
	421 fpm
	1/2 in
	Will not fit

	12 in round
	573 fpm
	2-1/2 in
	Fits, at the velocity limit

	26 x 6 rectangular
	415 fpm
	8-1/2 in
	Specified



7.5 Room by room routing
Stand in the room, read the entry, and you know what goes there and where it comes from. Lengths are approximate, taken on site rather than off a drawing. These are proposed coordination routes. Any alternate must preserve the outlet location, the clearances, and the equivalent length and static limits, and requires an RFI to the owner and the responsible mechanical designer before it is built.
Living room. S-1, 184 CFM, 8 in round, ceiling drop at the southeast corner, double deflection. Set the vanes to throw on the diagonal toward the northwest return so air crosses the full room; supply and return are deliberately in opposite corners.
Route: north from the supply plenum through the attic, then northeast, dropping at the southeast corner. Roughly 15 ft.
R-1, 450 CFM, 26 x 6 rectangular, northwest corner, low wall, in a boxed corner enclosure terminating in a shallow transition box behind a large rectangular grille.
Route: off the west face of the return plenum, west starting between the joists, rising until it can turn, elbow north onto the joist tops, running at an angle to the northwest corner, then elbow down into the corner. Roughly 20 to 25 ft. The boxed corner is millwork by others, built after the duct is hung.
Kitchen. S-2, 136 CFM, 7 in round. Route: straight east between the ceiling joists from the supply plenum, then elbow down into the ceiling. Roughly 6 ft.
Range hood makeup air is a separate 300 CFM system terminating at the toe kick, not the ceiling. Do not confuse the two.
Dining room. S-3, 130 CFM, 6 in round, register in the north wall discharging south, at the elevation of the underside of the ceiling joists at the laundry location, nominally 7 ft 6 in, field verify. Outlet about 2.5 ft east of the west wall, set by the ceiling framing above. Keep vane deflection modest, not more than about 20 degrees west of straight, pending throw data for the selected register. The room is 11.5 ft and the outlet is offset, so throw matters.
Route: west from the supply plenum about 9 ft, elbow down above the half bathroom, elbow south, then about 12 ft south in a soffit hugging the ceiling to wall transition on the west side, terminating at the dining north wall.
This route exists to avoid a collision with R-1 in the attic. Straightening it back through the attic will collide; if you believe otherwise, raise an RFI with your proposed section before fabricating. The soffit is built by the carpenter after the duct is hung. Where the duct crosses the stub wall a 6 in round will not fit a 2x4 cavity; use a 3.25 by 10 in stack, equivalent to a 6 in round.
No return. Relieves to R-1 across the open plan and to R-2 through the stair opening.
Main floor half bathroom. No supply. Transfer air drawn through the door by 25 CFM of continuous ventilator exhaust. Provide at least 10 sq in of unobstructed clear area, or verify closed-door pressure at or below 0.03 in w.g.
Master bedroom. S-4, 106 CFM, 6 in round, discharging high through the north wall at the northeast corner, at the elevation of the underside of the ceiling joists at the master bathroom, nominally 7 ft 6 in, field verify. Supply at the northeast and return at the northwest sit at opposite ends of the same wall. A ceiling fan assists mixing.
Route: east from the supply plenum, elbow south over the top of the ceiling joists, along the underside of the master bathroom joists to its south side, elbow east along that wall, elbow south, out the north wall at the northeast corner.
R-3, 136 CFM, 8 in round, northwest corner, low wall. Serves the master suite only.
Route: off the bottom face of the return plenum, down, elbow east between the joists, elbow south into the northwest corner of the master bathroom which has the half-story bathroom above it, straight south along the west face of that bathroom with the stairs on the far side, then adjustable elbows southwest over the toilet room and down the corner. It runs partially in the south stud wall and partially in the toilet room corner; the boxed corner is built later by the carpenter.
On the west wall of the master bathroom the three round ducts run west to east: master bedroom return, master bedroom supply, master bathroom supply. The header in that path is being lowered by the carpenter in advance to pass all three.
Master bathroom. S-5, 30 CFM, 4 in round, discharging east toward the bathroom window. The ventilator takes the low pickup here under separate scope. Route: east from the supply plenum, elbow south, out the soffit. Roughly 10 ft.
Stairwell. R-2, 314 CFM, rectangular about 18 x 6. This takeoff is the south end of the rectangular return plenum, so the run is rectangular from the plenum through to the grille. Route: straight south off the plenum end, then down into the stairwell. Roughly 3 ft. Serves the half-story through the open stair and relieves the dining area when the master bedroom door is closed.
Half-story trunk. 314 CFM, 9 in round, feeding all three half-story outlets.
Route: from the supply plenum east a short distance which may be zero depending on the final plenum position, then south, the length set by how far north the plenum lands. Elbow up at the northeast corner of the stairs and rise about 8 ft within the thermal envelope. Elbow south above the half-story ceiling and run about 8 ft to the takeoff cluster.
The three takeoffs occur within about 12 in of one another, in order: bathroom first, west bedroom second, south bedroom at the terminus. The stairs are not square at that corner and wall modification is anticipated, coordinated by the owner in advance.
See 8.2. Do not fabricate this run until the trunk option is settled.
Half-story west bedroom. S-6, 148 CFM, 7 in reducing tee off the trunk. The duct comes out the east wall pointing west toward the window and gable end. Roughly 5 ft west off the trunk.
Half-story south bedroom. S-7, 128 CFM, trunk terminus into a reducing boot. The duct comes out the north wall pointing south toward the window and gable end. Final stub is about a foot; do not fit an inline reducer, terminate the trunk directly into the boot.
Half-story bathroom. S-8, 38 CFM, 4 in reducing tee off the trunk, turning horizontal to vertical and dropping through the ceiling at the bathroom entrance. Roughly 1 ft east off the trunk, then down.
Basement and crawl. Nothing in this scope.
7.6 Outlets
All supply outlets are a boot from round branch to a rectangular register face. Round grilles fitted directly to the branch are not acceptable at these airflows.
	Mark
	Room
	CFM
	Branch
	Face
	Type
	Location

	S-1
	Living room
	184
	8 in
	10 x 10
	Double deflection
	Ceiling, southeast corner

	S-2
	Kitchen
	136
	7 in
	8 x 10
	Double deflection
	Ceiling drop

	S-3
	Dining room
	130
	6 in
	8 x 10
	Double deflection
	High wall, north wall

	S-4
	Master bedroom
	106
	6 in
	8 x 10
	Double deflection
	High wall, northeast corner

	S-5
	Master bathroom
	30
	4 in
	4 x 10
	Single deflection
	Southwest soffit, east discharge

	S-6
	HS west bedroom
	148
	7 in
	8 x 10
	Single deflection
	East wall, pointing west

	S-7
	HS south bedroom
	128
	7 in
	8 x 10
	Single deflection
	North wall, pointing south

	S-8
	HS bathroom
	38
	4 in
	4 x 10
	Single deflection
	Ceiling at the bathroom entrance



Register face velocities and throw have not been calculated. The face sizes above are preliminary, assuming roughly 75 percent net free area, and require verification against the selected product. Perforated faces run nearer 50 percent. The fpm figures in 7.3 are branch duct velocities, not face velocities.
7.7 Total equivalent length and static
Fitting equivalents: plenum takeoff 35 ft, round 90 elbow 15, boot or transition 45, branch tee 40, straight-through tee 10. Generic values, not fitting-specific. Rerun it with your actual fittings and measured lengths before you cut pipe.
	Run
	Room
	TEL ft
	Loss in w.g.

	S-1
	Living room
	110
	0.071

	S-2
	Kitchen
	101
	0.071

	S-3
	Dining room
	133
	0.187

	S-4
	Master bedroom
	145
	0.138

	S-5
	Master bathroom
	135
	0.090

	S-6
	HS west bedroom
	204
	0.185

	S-7
	HS south bedroom
	171
	0.141

	S-8
	HS bathroom
	206
	0.208

	R-1
	Living room
	135
	0.044

	R-2
	Stairwell
	38
	0.014

	R-3
	Master bedroom
	175
	0.063



Critical supply path is S-8, because S-6, S-7 and S-8 all traverse the common trunk before reaching their own branch.
	Static budget at 900 CFM
	in w.g.

	Critical supply path, S-8
	0.208

	Critical return path, R-3
	0.063

	Registers and grilles, allowance
	0.060

	Filter, clean, allowance
	0.100

	Total external, clean
	0.431

	Total external, loaded filter
	0.581



Two of the four terms are allowances: the register and grille figure and the filter figure. The two duct-path terms are provisional calculations using generic fitting equivalents and estimated lengths, not allowances. Balancing damper losses are excluded entirely. Each return path carries its own filter drop; pressure drop is not divided among parallel returns.
7.8 Plenums
Both plenums are built to the air handler that shows up, so their dimensions follow the selected unit. For the leading candidate the IOM publishes a return opening of 20.8 by 16.3 in for the 24/36 cabinet and a supply duct dimension of 18 in.
Return plenum. Rectangular, fabricated to the return flange, running about 30 in south of it, with three takeoffs on three separate faces. That is what keeps it short.
	Station from the flange
	Takeoff

	0 to 12 in
	Dead run, no collars

	about 18 in
	West face, R-1

	about 22 in
	Bottom face, R-3

	30 in
	Plenum ends, south takeoff, R-2



Re-derive these stations against the selected equipment. Preliminary detailing criteria, subject to the selected equipment, SMACNA practice and fabricator review: plenum height at least collar dimension plus 2 in; first collar at least 12 in from the flange; collar edge to plenum end at least half a diameter; opposing collars offset by one diameter.
Supply plenum. Rectangular, about 20 in north of the unit. Expand promptly off the supply collar to bring velocity down before the first branch takeoff, and set that takeoff back accordingly. Do not take a branch off immediately at the collar. About 144 in of unobstructed attic remains north of it.
Plenum removability is unresolved and it is a real conflict. The leading candidate requires 40 in of clearance at each cabinet end in the horizontal position, which a fixed plenum does not leave. It also requires the first 6 inches of supply plenum and ductwork to be sheet metal, which constrains putting a flexible connector at the flange. Resolve with the manufacturer before fabricating.
North-south budget: return plenum about 30 in, cabinet per the selected equipment, supply plenum about 20 in, within approximately 240 in available. Current coordination preference is to bias the assembly south against the stairwell wall. Finalize only after equipment, service clearance and plenum requirements are confirmed.
7.9 Materials and construction
Round hard pipe on every supply and return run. Flexible duct is not accepted at any location.
Manufactured reducing tees. Field-drilled saddle taps are not accepted.
All joints and seams sealed with mastic.
Rectangular only where scheduled and where a branch crosses a stud wall.
Duct crossing the ceiling joists rides on top of them. Notching or drilling the joists is not permitted.
A manual balancing damper at every branch takeoff, at the tee and not at the register face, accessible and locked after balancing. Eleven dampers, eight supply and three return.
No duct may occupy the service clearance zone at the air handler service face.
No thermal insulation on any duct. Every route is inside the insulated envelope.
Acoustic treatment on all concealed common trunk segments and branches S-6, S-7 and S-8, installed at rough-in. Final quantity from your measured lengths; the described route is on the order of 32 to 33 ft of straight run before fitting allowances, from the model segment schedule. Those runs are permanently concealed once the half-story ceiling closes. External wrap, not internal liner: a 1 in liner in a 9 in duct leaves 7 in of free area and 1,164 fpm, and matching a bare 9 in would need an 11 in with liner. Product not selected. See 8.2.
7.10 Filtration
At the return grilles, one filtration stage only, distributed across the three grilles. Leave the air handler filter rack empty. The leading candidate ships without a filter and prohibits filtration in series.
Filter face area and return grille net free area are separate checks. This sizes the filter. The grille is a separate check: the selected assembly must accept the scheduled filter and provide adequate published net free area and pressure drop at its actual return airflow.
At 900 CFM and a 200 fpm design media velocity, 648 sq in of filter face area, distributed in proportion to return share: R-1 about 324, R-2 about 226, R-3 about 98. 200 fpm is an owner criterion; the manufacturer states 300 fpm maximum. Nominal 20 x 25, 20 x 20 and 14 x 20 are a starting point, not a verified compliance.
7.11 Transfer air and door undercuts
R-2 is in the stairwell, so both half-story bedrooms relieve through a closed door.
Preliminary sizing at the 900 CFM reference schedule. Recalculate at actual maximum room airflow after equipment selection and final balancing; at the currently modeled Bosch high-stage point near 919 CFM the requirement rises and the margin on 49 sq in is small.
Free area is calculated at a maximum closed-room pressure of 0.03 in w.g. using Q = 2610 x A x square root of the pressure difference, A in square feet. That coefficient is a conventional approximate free-opening relation and its source is not recorded here. Verify room pressure at commissioning.
	Door
	Transfer flow
	Free area required
	On a 28 in door

	Half-story west bedroom
	148 CFM
	48 sq in
	1-3/4 in clear, 49 sq in

	Half-story south bedroom
	153 CFM including 25 CFM ventilator supply
	48 sq in
	1-3/4 in clear, 49 sq in

	Half-story bathroom
	net 7 CFM
	about 2.2 sq in
	any undercut giving at least 3 sq in clear

	Master bathroom
	net 6 CFM
	about 1.9 sq in
	any undercut giving at least 3 sq in clear

	Main floor half bathroom
	25 CFM inward
	about 8 sq in
	at least 10 sq in clear

	Master bedroom
	none
	none
	Tight to finished floor



The requirement is clear free area, not a nominal dimension, and it is met either by achieving the stated area or by demonstrating closed-door room pressure at or below 0.03 in w.g. at maximum heating airflow. Transfer grille or jump duct are equal alternatives. Measure to finished floor and account for floor coverings, which can eliminate a nominal undercut.
The master suite is balanced three ways: the return is inside the suite, the ventilator supplies 25 CFM to the bedroom and exhausts the same 25 from the master bathroom. It is intended to be pressure neutral with the door shut, which is why that door can be tight for sound and privacy. Verify at commissioning; if the closed-door pressure exceeds 0.03 in w.g., undercut it or add a transfer path.
The south bedroom carries its ventilator supply in addition to its heat pump supply, because both arrive behind the same closed door and both must leave through it.
7.12 Commissioning deliverables
Measured total external static pressure at startup, at the measured system airflow.
Flow hood at every supply outlet and return grille, against scheduled shares at the measured system airflow. Balance to the scheduled proportions while meeting the velocity criteria. Do not reduce a scheduled provisional target, or exceed the velocity criteria, solely to force total airflow within an equipment limit. Final required room airflow must come from the selected-equipment calculation, which has not been performed.
Where the equipment carries an airflow ceiling, verify total delivered airflow by flow hood totalization and one independent method such as a duct traverse or an electric-heat temperature rise with measured kW. Establish the agreement tolerance before commissioning, either from the commissioning standard in use or as a stated project figure. Without a threshold the test is not enforceable.
Room pressure with each half-story bedroom door closed at maximum heating airflow. Above 0.03 in w.g., provide or enlarge a transfer path and retest.
Clean filter pressure drop against the 0.100 allowance. A naturally loaded condition is not available at startup, so satisfy the 0.250 figure by one of: the manufacturer published final resistance for the selected filter, a controlled added-resistance test, or a later measurement at a defined loading condition. State which method was used.
Set dampers once and lock. Refrigerant charge verified and recorded with the method. Heater amp draw, line voltage under load, and electric heat temperature rise per stage. Controls: electric heat lockout, remote sensor, condensate float switch interrupt. Makeup air balanced against the hood. Total duct leakage or sealing verification.
7.13 Carpentry after mechanical rough-in
Three pieces of concealment are carpenter scope, built after the duct is hung and not before. They are described in place in 7.5 and collected here so they are not lost between trades.
The dining room soffit on the west side, hugging the ceiling to wall transition, about 12 ft. The boxed corner at the living room northwest corner enclosing R-1 and terminating in a shallow transition box behind the grille. The boxed corner at the master suite carrying R-3 down through the toilet room corner.
Access opening in the half-story flat ceiling, no smaller than 24 by 24 in, centered below the cluster of three trunk takeoffs. That panel is the only point from which those three dampers can ever be reached, so enlarge or relocate it if the rough-in demonstration shows any of the three cannot be reached, adjusted and locked through it.
8. Unresolved
8.1 Equipment. Blocking selection and ordering.
The leading candidate has an airflow compliance conflict the manufacturer has not resolved. With the 10 kW kit installed, only one dip switch position is usable and it puts heating high stage on the top blower tap. Solving that tap's fan curve against this duct system gives approximately 917 CFM clean, or 458 CFM per ton against a stated 450 ceiling. With a loaded filter it falls to 877 and is compliant. The system is modeled compliant dirty and non-compliant clean, and no approved remedy has been identified. Filter loading is not a design throttle.
A second question sits alongside it. Cooling minimum on that dip position delivers about 338 CFM per ton clean and 324 loaded. Whether the 350 per ton floor applies to every blower state when a kit is installed, or only to rated high stage, is not established.
No sensible and latent capacity split was found for that air handler in the sources searched. The Manual S cooling check cannot be completed without it.
The total cooling capacity figure we used is 20.4 kBtu/h with 1.5 kW input, from BTC 762008314 A section 4.1 table 3, the 100 percent combination block, at 91.4 F outdoor with 75 F dry bulb and 63 F wet bulb indoor. Section 4 of that document is Extended Performance Data; section 5 is separately AHRI 210/240 Performance Data. It is therefore not an AHRI standard-point rating, and the table does not state whether the capacity is gross or net. On a net basis the capacity ratio is 1.356 and on gross 1.297.
The minimum modulated capacity figure is a separate problem. The 9,260 Btu/h value comes from the NEEP listing at 95 F outdoor and 80 F indoor dry bulb, a different source and a different condition from the 20.4 kBtu/h extended-performance figure. Its own gross or net basis has not been established, and it should not be assumed to share the basis of the maximum figure. The turndown shares of 0.616 and 0.589 that follow from pairing them are therefore not defensible until both provenances are settled. Neither is designated correct. AHRI rates blower coil systems net of circulating fan heat, but this figure is not an AHRI rating, and manufacturer extended tables are not consistently one or the other. Ask Bosch.
Two AHRI certificates appear in our records and we have not established which governs.
The indoor unit designation above is the first of these and it precedes all the others: nothing in this section can be relied on until the certified data is confirmed to apply to the unit that would be purchased.
These are questions for whoever selects the equipment. If Bosch cannot answer them, that is itself a reason to look elsewhere. A verified constant-airflow configuration may avoid this specific fixed-tap and system-curve failure mode, subject to its own airflow, static, heat kit and control limits.
8.2 Half-story trunk. Blocking that run only.
The 9 in trunk runs 711 fpm at the governing airflow against a 700 fpm owner criterion, and about 724 at the modeled operating point.
Three options, none selected.
Nine inch with external acoustic wrap. Costs no free area. But wrap acts on breakout through the duct wall, and this run has three elbows upstream of the takeoff cluster, so aerodynamic noise at those elbows and at the takeoffs is not addressed. No product, thickness, density, jacket or published performance has been selected.
Ten inch. Resolves the velocity at about 570 fpm. It is expected to lower system resistance and raise the operating point, worsening the airflow conflict in 8.1. The complete ten inch network has not been solved; do that before selecting it.
Split feed. A dedicated west bedroom run through the north wing attic, with only the south bedroom and bathroom on the stair corner, drops the corner to about 162 CFM on an 8 in at 464 fpm. The owner's preferred alternative if the north wing attic route proves buildable. That route has never been walked and must clear the rerouted dining supply and its soffit.
These are coupled to 8.3. Correcting the roof treatment lowers the west bedroom load and the trunk to about 304 CFM, giving 688 fpm at the governing airflow, inside the limit, and 703 at the solved operating point, still marginally over. Decide the roof method before selecting a trunk option.
8.3 Cooling method. Blocking the cooling result.
Roof cooling load is orientation blind. A single CLTD is applied across ten roof plane segments spanning 18.4 to 43.8 degrees and four orientations. Computed plane-of-array irradiance across those surfaces varies twelve to one at the coincident hour. Net effect on the total is about 391 Btu/h; the distribution effect between rooms is larger and does not cancel everywhere.
Solar factors are not ACCA values, are computed at one coincident hour which cannot represent each room's own peak, and the underlying irradiance calculation is not attached to this package and is therefore not reproducible from it.
Bosch cooling-high blower heat is about 687 Btu/h and is included only in the Bosch coil-side comparison quantity, not in the equipment-neutral building load. Crawl moisture transfer is omitted, conditional on the poly ground cover.
8.4 Also unresolved, and not only manufacturer questions
Room airflow derivation. The schedule in 7.3 is a proportional allocation, not airflow calculated from room sensible load and supply air temperature. That calculation requires selected equipment. Until it is done, the branch sizes are preliminary and the commissioning targets in 7.12 are proportional targets rather than required room airflow.
Equipment match control. The outdoor unit, indoor unit, heat kit, combination ratio and governing AHRI certificate are not controlled as one record, and two certificate numbers appear in our sources.
Service voltage margin. The break-even thresholds in 6.1 are arithmetic minimums with no allowance for element tolerance, measurement error or staged operation.
Plenum and service clearance interpretation. See 7.8.
Filter, register and grille products. Not selected. Two static budget terms are allowances that depend directly on them; selected boots and transitions may also change the calculated path losses. The three return filters will not have identical pressure drop: at the starting nominal sizes their gross face velocities differ roughly two to one, so the equal allowance applied to each return path is preliminary.
Exact weather data provenance. The station and design values are recorded; the publication, edition, table and station row are not.
Floor U-0.31. Assigned without a layer derivation, on 850 sq ft carrying about 2,635 Btu/h.
Air barrier continuity at the roofline around both conditioned attics, including the half-story pocket. No duct crosses the air barrier: both attics are inside it.
Main floor half bathroom conditioning. No supply is presently allocated and the room carries about 500 Btu/h of design loss. Confirm in the final room airflow calculation that transfer air holds its design temperature with the door closed, and run a small supply if it does not.
Commissioning tolerances. The two-method airflow comparison has no defined disagreement threshold, and the loaded-filter measurement has no defined method.
Access panel reach. A 24 by 24 in panel under three clustered dampers requires a rough-in reach demonstration before the ceiling closes.
A2L refrigerant compliance. No charge, allowable charge, served area, circulation airflow or sensor calculation has been performed for any candidate configuration. The manufacturer requires those checks.
8.5 Field verification needed
Four items. None is missing survey data. Each is a condition that does not exist yet.
	Item
	Responsible
	When

	Air barrier continuity at the roofline around both conditioned attics
	Owner
	Before insulation

	Blower door test
	Owner
	After the envelope closes, before the air balance

	Exact run lengths and fitting counts. The lengths given are approximate
	Contractor
	Before fabrication

	Damper reach under the access panel, per 7.13
	Contractor
	At rough-in



8.6 Not HVAC but on the critical path
The crawl poly ground cover is planned and not yet installed. The basement dryer exhausts 150 to 225 CFM while running from a space open to that bare dirt. Do it before the space gets harder to reach.
Responsibility
The selecting contractor or licensed designer remains responsible for independent load calculation, equipment selection, code compliance and final design. Where the responsible mechanical designer's documented design differs from this preliminary package, that design governs. Contractor deviations require an RFI before fabrication or installation.
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