A VBASIC SPREADSHEET TO CALCULATE DUCT DIAMETER

AND PRESSURE LOSS USING EQUAL FRICTION

by Fred W. Dougherty, P.E.

Introduction:

This article presents an automated quick and simple equal friction solution to calculating duct diameter and pressure loss, using an iterative solution to the Colbrook equation. An initial duct diameter is calculated for duct segment airflows at a Δp/100’ to be input by the designer. Typical values for supply and return ducts would be 0.09, 0.095, or 0.100 inches of water per 100’ of duct. In the calculations that follow, this parameter is referred to as dp100. 

The complete solution requires running two VBasic macros in Excel. A copy of the excel workbook with the two macros can be downloaded by ASHRAE members from the ASHRAE web site.

The solutions and macros presented here will primarily be of interest to the independent design engineer who is designing HVAC systems for small commercial projects under 20,000 square feet, generally using DX unitary equipment. Commercial duct design software would normally be used for larger, more complex projects. However, a review of the algorithms described in this article will provide an insight into how the commercial software works, so that it isn’t simply a “black box”.

The method outlined here can also be applied to the static regain design method, but that exercise is left up to the reader.

The Designer’s Problem:
After laying out the ductwork for an air conditioning project and computing the air flow to each terminal, the designer knows the air flow and length for each supply and return duct segment, and can select a duct height that is compatible with the geometric restraints in the area where the ducts will be routed. A segment can be defined as a run of duct from one branch to the next. A branch may be a major junction or a take-off for a terminal diffuser or return grille. His problem is therefore to select a diameter for the duct segment, find a width if the duct is to be rectangular, and then to estimate the duct friction and fitting dynamic losses for each segment of the critical duct routing path.  The sum of  losses of all of the supply and return segments will make up the external static pressure requirement for the air handling unit. If the filter is external to the unit, the filter and bracket may be included as a segment, or the filter pressure loss may simply be added if internal to a packaged air handler. 

For small projects, this procedure is often done manually using charts and fitting loss coefficients provided in the ASHRAE Handbook – Fundamentals.1 Even if a duct design computer program is available, the input/output is often too cumbersome to be practical for small projects.  On the other hand, a thorough analysis using manual methods will also consume resources in a tight design budget, and can lead to potentially serious errors or unnecessarily over sized ducts.

A Simple Spreadsheet Solution:

As noted before, the projects for which this spreadsheet would be useful are generally under 20,000 sf, and will have more than one zone. Design air flow will therefore typically be less than 15,000 cfm. Referring to reference 1, figure 9,  the recommended range for dp100 is .08 to .6 inches of water (iw) per 100’ of duct. Experience shows that selecting a target dp100 near the low end of this range - .09 to .1 iw/100’ results in low energy use at a reasonable material cost. 

At air flows greater than 15,000 cfm, air velocity in the duct may become excessive and create noise problems. This program does not address this contingency, so at these higher air flows, the user is advised to manually calculate duct diameter based on an acceptable air velocity, rather than relying on the diameter calculated based on equal friction.

The spreadsheet runs two macros. The first is “newductsize” which calculates duct diameter as a function of segment air flow and desired dp100, and duct width as a function of input duct height (If rectangular. If duct height is input as zero of left blank, duct width will be set to zero.) Duct segment length is also input into “newductsize” but is only used as input to the second macro. Figure 1 is a flow diagram showing the architecture of the macro, and the formulas used for the calculations. An example of the output of “newductsize” is shown as Table 1 below. (Shaded cells are calculated, clear cells are user input.)

Table 1
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INPUT/OUTPUT OF MACRO “NEWDUCTSIZE”
Several things should be noted. All of the “dp100” values are identical. This is the value selected by the designer for the calculation. Second, the values for “dia” and “width” are not whole numbers. This is a problem because in practice, duct dimensions are always presented in design documents as integer inches. This problem is corrected when the “friction factor” macro is run.

Twelve segments are shown. The first six are supply duct segments, and the second six are return duct segments with cfm reduced by the pro-rated amount of outdoor air delivered in the supply. In the case shown, each room in the zone has a return corresponding to its supply, so the program automatically calculates the reduced return air flow, and assumes that the return duct height will be the same as the supply. This feature can be overridden if not applicable, allowing the user to input return segments with air flows and duct heights. 

Because this method is so simple, it is practical to run it for all of the duct routes in a branching system, to ensure finding the “critical” route which will result in the maximum external static pressure on the air handler.  

Iteration Techniques

The heart of the method presented here is an iterative solution to the Colbrook equation which draws on that proposed in “Calculating Pressure Drop in Piping Systems” by Thomas Lester, P.E. in the July 2003 Journal 2.  While friction factor, denoted as f, may have a wide range of values in piping problems, the range in the areas of interest in air conditioning duct design are fairly narrow, and an iterative solution is easier and more compatible as a simple IF loop imbedded in a computer program. The Colbrook equation is presented in the Handbook3   as follows:

1/f0.5 = 2 log10 (12ε/3.7D + 2.51/Re/f0.5)

Lester suggests solving this equation using the built-in excel iteration algorithm by evaluating each side separately starting with an initial guess of f.  This can be expressed as follows:



factor = 1/f0.5    and   factor1 =  2 log10 (12ε/3.7D + 2.51/Re/f0.5) 

However, it is not clear that the built-in iteration algorithm can be called in a VBasic macro, so the method presented here performs the iteration within the macro, as follows:

diff = factor – factor1

if abs(diff)  >  .0001 then f = f * (1 + (factor – factor1) / factor)

repeat until diff <= .0001

return f

An example of the f iteration loop in VBasic follows:



‘guess initial f



f = .02

ifloopf:

'calculate fact and fact1

    fact = 1 / (f ^ 0.5)

    Sheet2.Cells(15 + sbrcount, 13) = fact

    fact1 = -2 * ((Log(12 * e / 3.7 / dia + 2.51 / Re / f ^ 0.5)) / Log(10))

    Sheet2.Cells(15 + sbrcount, 14) = fact1

    diff = (fact - fact1)

    Sheet2.Cells(15 + sbrcount, 15) = diff

    countf = countf + 1

    Sheet2.Cells(15 + sbrcount, 11) = countf

        If countf < 99 Then

        If Abs(diff) > 0.0001 Then

        f = f * (1 + (fact - fact1) / fact)

        GoTo ifloopf

        End If

                    Sheet2.Cells(15 + sbrcount, 9) = f

  

  End If
This simple linear iteration, diagramed at the end of this paper, seems to work flawlessly for the range of air flows and friction loss factors (dp100) of interest in HVAC air duct design. 

The iteration to find a diameter that satisfies a particular dp100 is more challenging. As shown on figure 2, the dp100 iteration is logarithmic rather than linear. To get the loop to converge, the diff function must be as follows:




diffdp100 = (log(dp100A) – log(dp100))/log(dp100)

where

dp100 = desired final value

and

dp100A = value calculated as a function of diameter

diameter is then changed as follows after each iteration, to allow the algorithm to converge:




D = D*(1 + 0.1*((log(dp100) – log(dp100A)) / log(dp100)))

If the duct is to be rectangular, then a third iteration is needed to determine w, given D and h. H is held fixed, and w is varied until a calculated diameter equals that determined from the two earlier nested iterations.
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Finding Friction Loss

The second macro is “friction factor”, and uses the inputs and outputs from “newductsize”. In addition, up to seven fittings may be entered with either loss coefficient C or Δp. The fittings are coded from 1 to 7, and up to four may be entered for each duct segment. A more complete explanation of this will be given later in the article.

The macro “friction factor” accepts air flow, diameter, height, and width, line by line, from the output of “newductsize”. Because width is not a whole number in “newductsize”, “friction factor first rounds width up or down to the nearest integer – up if the decimal is more than .3 higher than the lower integer, down if it is less than .3. (This is to keep duct dimensions from getting unnecessarily large). Using the new integer value of width, a new diameter is calculated for each segment from

D = ( 1.3 ( hw ).625 ) / ( h + w ).25
Similarly, if the duct is to be round, the value calculated in “newductsize” must be rounded to the nearest integer, resulting in a new value for duct diameter. The rounding algorithms for diameter are set up to avoid a final duct size less than 6 inches, and to round up to the nearest even integer if the duct is larger than 10 inches. This latter is because snap-lock round duct is generally only available in even size increments above 10 inches.

With air flow and diameter, new values for V and Re may be calculated, and a new value for f using the Colbrook iteration described above. Thus, for each segment, the duct friction loss may be calculated using the familiar Darcy equation1 already used in the dp100 iteration of “newductsize”:

dp = 12Lfρ ( V / 1097 )2 ) / D

As a check, dp100 is calculated by substituting 100 in place of L, to ensure that this parameter has not strayed beyond reason. An example of the output of “friction factor” showing duct friction loss is below as Table 2:

Table 2
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OUTPUT OF MACRO “FRICTION FACTOR”

Duct Friction Loss

The output shown above was drawn from the results shown in the “Input/Output" of Macro “Newductsize””, and does not include the fitting dynamic losses which will be described in the next section.

Fitting Dynamic Losses

Fitting dynamic losses are discussed in the ASHRAE Handbook1, which also includes a limited selection of fitting loss coefficients. A more comprehensive catalogue of loss coefficients may be found in Idelchik. (2001)4 or the ASHRAE Duct Fitting Database, 2002. Fitting loss coefficients express the loss of a fitting as the ratio of the dynamic pressure loss to the total velocity pressure at the entrance to the fitting:

Δpfix = C * pv   where   pv = ρ(V/1097)2
Pressure loss for terminal devices such as supply diffusers and return grilles, or for duct mounted equipment such as duct furnaces and variable volume valves, may be found directly from manufacturer’s data. 

Macro “Friction Loss” allows the user to input C or Δp for up to seven fixtures or duct devices, in the form shown as Table 3:

The user inputs the fixture type and C or Δp as appropriate. The macro reads C and dp for each fixture type. If dp = 0 the macro calculates Δp using the formula above, otherwise Δp is input directly for the appropriate fixture. Prior to running the macro, the user inputs the fixture code 1 -7 for each fixture type in each segment. The input/output is illustrated in Table 3. Up to four codes (fixtures or devices) may be input for each segment.
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Table 4 is a continuation of Table 2, overlapping “duct dp” as previously shown.  the columns coda, codb, codc and codd are input from the fixture library, table 3. The parameters “dpfixa – dpfixd” are the losses either input from table 3, or calculated as a function of velocity pressure and loss coefficient.

Table 4

INPUT/OUTPUT OF MACRO “FRICTION FACTOR”

Fitting Dynamic Losses
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The fixture Δp is summed at the bottom of the column “fixdp”, and this is added to the sum of duct segment friction losses to provide “systotdp” which is the external static pressure on the zone air handler.

Summary

The method outlined here, and incorporated in the Excel file “duct size by dp100” is in no way new, but instead automates the manual methods described in the ASHRAE Handbook – Fundamentals1. After laying out the duct routing for a zone, and determining the distribution of air flow to each space in the zone, the designer may use the macros in this workbook to closely size his ductwork using the equal friction method, with a friction loss factor (dp100) of his choosing. Ducts are sized using the macro “newductsize” with input of duct segment air flows, height desired for rectangular ducts, and segment length.  The output of “newductsize” is then read by the macro “friction factor” which calculates duct segment friction losses after rounding up duct height or diameter to the next integer. The designer may also input fixture loss coefficient or Δp for up to seven fixtures types or duct devices, and then input up to four fixture types for each duct segment. The macro will calculate fixture dynamic pressure loss for each segment, and return an external static pressure for the zone air handler.

FIGURE 1 - FLOW DIAGRAM FOR MACRO NEWDUCTSIZE
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D = hydraulic diameter, in

Re = Reynolds number

f  =  Moody friction factor                                                                                                        

ε = roughness coefficient

ρ = density, lbs/ft3

L = duct length, ft 
h = duct inside height, in 
w = duct inside width, in                                                                                                      go to       

                                                                                                                                    next segment     
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		DUCT SIZE CALCULATION SPREADSHEET																																																																				75293.03125

		Project		Template										system-zone				HP1, zone 1

																						code		Fixtures		Fixture C		dp

		Reynolds Number		Re = 8.56*D*V										e=				0.0003				1		fan out		0.72

				D=(1.3(a*b)^.625)/(a+b)^.25										rho=				0.0763				2		el		0.11

				V=Q/((Pi*D^2/4)/144)																		3		tee thru		0.04

																						4		tee branch		0.8

		Colbrook		1/f^.5 = -2*log(12*e/3.7/D+2.51/Re/f^.5)								Zone air flow =				1575						5		fan in		0.3

				dp = (12*f*L*rho*(V/1097)^2)/D								Zone outdoor air =				250						6		diffuser				0.04

																						7		ret grille				0.03

		duct		brcountmax            =				12

		leg		airflow Q		height a		width b		dia D		V		Re		L		duct dp		dp/100'										count		f'		fact1		fact2		diff

				cfm		in		in		in		fpm						iwg

		1		1575		12		20.9		25.0		462		98875		22		0.0027		0.012				dp = (12*f*L*rho*(V/1097)^2)/D						18		0.01877		7.299		7.299		0.000000

		2		1575		12		16.6		24.0		501		102995		15		0.0022		0.015				V=cfm/(144*D^2*3.1416/4)						18		0.01867		7.319		7.319		0.000000

		3		1575		10		17.5		23.0		546		107473		6		0.0011		0.018										19		0.01856		7.340		7.340		0.000000

		4		1575		10		10.8		22.0		597		112358		14		0.0032		0.023										19		0.01846		7.361		7.361		0.000000

		5		1575		10		8.4		21.0		655		117708		20		0.0057		0.029										19		0.01835		7.382		7.382		0.000000

		6		1575		8		3.4		20.0		722		123594		11		0.0040		0.036										19		0.01825		7.402		7.402		0.000000

		7		1575		8		3.0		19.0		800		130099		11		0.0051		0.047										19		0.01815		7.423		7.423		0.000000

		8		1575		10		7.4		18.0		891		137326		20		0.0121		0.061										20		0.01806		7.442		7.442		0.000000

		9		1575		10		9.4		17.0		999		145404		14		0.0112		0.080										20		0.01796		7.461		7.461		0.000000

		10		1575		10		15.2		16.0		1128		154492		6		0.0065		0.108										21		0.01788		7.478		7.478		0.000000

		11		1575		12		14.5		15.0		1283		164791		15		0.0223		0.149										20		0.01781		7.494		7.494		0.000000

		12		1575		12		18.2		14.0		1473		176562		22		0.0460		0.209										20		0.01774		7.508		7.508		0.000000

		Fixture losses





Sheet2

		Project

		System-Zone

		calculation date

		Duct Size and Rectangular/round duct conversion										Macro		newductsize

		supply air flow =				1575		cfm

		outdoor air flow =				250		oacfm

		return air flow =				1325		rcfm

		sbrcountmax  =				6

		D=(1.3(a*b)^.625)/(a+b)^.25								D=alog(.38352*log(cfm) + .00864)

		cfm		dia		height		width		count		branch		brcount		L

		1575		25.0		12		20.9		11		390		0		22

		1575		24.0		12		16.6		11		200		1		15

		1575		23.0		10		17.5		11		450		2		6

		1575		22.0		10		10.8		10		150		3		14

		1575		21.0		10		8.4		10		300		4		20

		1575		20.0		8		3.4		13		85		5		11

		1575		19.0		8		3.0		15				0		11		0.8412698507		5

		1575		18.0		10		7.4		11				1		20

		1575		17.0		10		9.4		10				2		14

		1575		16.0		10		15.2		11				3		6

		1575		15.0		12		14.5		10				4		15

		1575		14.0		12		18.2		11				5		22

		1575		13.0

		1575		12.0
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Sheet1

		DUCT SIZE CALCULATION SPREADSHEET										Run macro "friction factor"																																																										75293.03125

		Project		Template								system-zone				HP1, zone 1						fixture library

																						fixture type, C, and dp input by user

																						code		Fixtures		Fixture C		dp

		formulas:										fixed parameters (user input)										1		fan out		0.72

		Reynolds Number		Re = 8.56*D*V										e=				0.0003				2		el		0.11

				D=(1.3(a*b)^.625)/(a+b)^.25										rho=				0.0763				3		tee thru		0.04

				V=Q/((Pi*D^2/4)/144)										dp100(target) =				0.09				4		tee branch		0.8

																						5		fan in		0.3

		Colbrook		1/f^.5 = -2*log(12*e/3.7/D+2.51/Re/f^.5)										Zone air flow =				1575				6		diffuser				0.04

				dp = (12*f*L*rho*(V/1097)^2)/D										Zone outdoor air =				250				7		ret grille				0.03

				To run this macro: First input cfm, desired duct height, and segment length on sheet two in the columns indicated. Input the maximum number of supply duct segments "subcountmax" in the indicated cell. If duct height is input as zero, then the macro will a

				The macro "newductsize" computes duct diamter for a given cfm based on equal friction, using the delta p per 100' [dp100(target] input on this sheet in cell I9. Therefore the duct diameters and widths shown on sheet two are not rounded to the nearest whol

										All data below calculated by macro except fixture codes, which are input by the user

		brcountmax          =				12				This macro will clear the contents of all calculated cells. The fixture loss input cells, N32 - Q100 will not be cleared

		duct leg		airflow Q		height a		width b		dia D		V		Re		L		duct dp		dp/100'		vdp		fixdp		systotdp		fixture C or dp								count		f'		fact		fact1		diff

				cfm		in		in		in		fpm				ft		iwg		iwg/100'		iwg		iwg		iwg		coda		codb		codc		codd

		1		1575		12		20.0		16.8		1023		147142		20		0.017		0.085		0.065		0.057		0.074		1		2		3				12.000		0.0179		7.4644		7.4645		-0.0000748634		0.0470		0.0072		0.0026		0.0000

		2		1185		12		16.0		15.1		952		123097		15		0.013		0.085		0.056		0.000		0.013		3								12.000		0.0186		7.3389		7.3390		-0.0000514984		0.0000		0.0000		0.0000		0.0000

		3		985		10		17.0		14.1		905		109408		22		0.018		0.084		0.051		0.000		0.018		3		2						11.000		0.0190		7.2565		7.2566		-0.0000772476		0.0000		0.0000		0.0000		0.0000

		4		535		10		10.0		10.9		821		76809		8		0.008		0.096		0.042		0.000		0.008		4		2						10.000		0.0204		6.9962		6.9962		0.0000700951		0.0000		0.0000		0.0000		0.0000

		5		385		10		8.0		9.8		741		61894		12		0.011		0.091		0.034		0.000		0.011		3								11.000		0.0213		6.8467		6.8466		0.0000948906		0.0000		0.0000		0.0000		0.0000

		6		85		0		0.0		6.0		433		22234		20		0.013		0.063		0.012		0.049		0.062		4		6						13.000		0.0266		6.1363		6.1362		0.0000772476		0.0093		0.0400		0.0000		0.0000

		7		72		0		0.0		6.0		364		18705		20		0.009		0.046		0.008		0.038		0.047		7		3		2				13.000		0.0275		6.0258		6.0258		0.0000829697		0.0300		0.0003		0.0009		0.0066

		8		324		10		7.0		9.1		716		55799		12		0.011		0.093		0.032		0.000		0.011		3								12.000		0.0218		6.7715		6.7715		0.0000576973		0.0000		0.0000		0.0000		0.0000

		9		450		10		9.0		10.4		768		68136		8		0.007		0.090		0.037		0.000		0.007		4								11.000		0.0209		6.9154		6.9153		0.0000658035		0.0000		0.0000		0.0000		0.0000

		10		829		10		15.0		13.3		856		97634		22		0.018		0.081		0.046		0.000		0.018		3		2						10.000		0.0194		7.1781		7.1782		-0.0000977516		0.0000		0.0000		0.0000		0.0000

		11		997		12		14.0		14.2		912		110505		15		0.013		0.085		0.052		0.000		0.013		3								11.000		0.0190		7.2627		7.2627		-0.0000796318		0.0000		0.0000		0.0000		0.0000

		12		1325		12		17.0		15.6		1004		133690		20		0.018		0.090		0.063		0.000		0.018		5		3		2				12.000		0.0183		7.3921		7.3922		-0.000061512		0.0000		0.0000		0.0000		0.0000

																		0.156						0.144		0.300





Sheet2

		Project

		System-Zone								clear cell: input data

		calculation date								shaded cell: calculated by macro "newductsize"

		Duct Size and Rectangular/round duct conversion										Run macro "newductsize"

		supply air flow =				1575		cfm				dp100=		0.0900000036				return segments:				0 means returns correspond to supply segments

		outdoor air flow =				250		oacfm				e =		0.0003								>0 means returns are entered by user

		return air flow =				1325		rcfm				rho =		0.0763000026				If retseg = 0 then set sbrcountmax = supply duct segments

																		If retseg >0 then set sbrcountmax = supply and return duct segments

		sbrcountmax  =				6		see notes regarding return segments setting										return segments =				0

		D=(1.3(a*b)^.625)/(a+b)^.25								Curve fit of dia for dp100=.095 (first guess):								D=alog(.38352*log(cfm) + .00864)

		airflow		height		dia		width		dp100		branch		sbrcount		L		f		count		countf		countw		fact		fact1		diff		diffw

		cfm		in		in		in		iw/100'		cfm				ft

		1575		12		16.6		19.5		0.090		390		0		20		0.0179314947		30		12		11		7.4677841112		7.4678601003		-0.000075989		0.0005703629

		1185		12		14.9		15.6		0.090		200		1		15		0.0185470258		30		12		9		7.3428196625		7.3428718229		-0.0000521604		0.0007868381

		985		10		13.9		16.5		0.090		450		2		22		0.0189653463		30		11		11		7.261387471		7.2614673242		-0.0000798533		0.0005964393

		535		10		11.1		10.2		0.090		150		3		8		0.0204566865		29		10		5		6.9916930822		6.9916192085		0.0000738737		0.000825815

		385		10		9.8		8.1		0.090		300		4		12		0.0213388996		28		11		8		6.8456389566		6.8455431626		0.000095794		-0.0005841229

		85		0		5.6		0.0		0.090		0		5		20		0.0262645767		22		13		8		6.1704210106		6.1703444587		0.0000765519

		72		0		5.2		0.0		0.090				6		20		0.0269381965		20		13		8		6.0927834317		6.0927006218		0.0000828098

		324		10		9.2		7.1		0.090				7		12		0.0218267017		28		12		8		6.7687105591		6.7686523442		0.0000582149		-0.0007209056

		450		10		10.4		9.0		0.090				8		8		0.0209129502		29		11		7		6.9150026074		6.9149364098		0.0000661975		-0.000688252

		829		10		13.0		14.3		0.090				9		22		0.0193698764		29		11		10		7.1851621807		7.185210179		-0.0000479983		0.0006596812

		997		12		14.0		13.6		0.090				10		15		0.0189377276		30		11		8		7.2666805262		7.2667625846		-0.0000820584		0.0006165975

		1325		12		15.6		17.0		0.090				11		20		0.0183014869		30		12		10		7.3919124111		7.3919739484		-0.0000615373		0.0006246321

														12






_1287212836.xls
Sheet1

		DUCT SIZE CALCULATION SPREADSHEET										Run macro "friction factor"																																																										75293.03125

		Project		Template								system-zone				HP1, zone 1						fixture library

																						fixture type, C, and dp input by user

																						code		Fixtures		Fixture C		dp

		formulas:										fixed parameters (user input)										1		fan out		0.72

		Reynolds Number		Re = 8.56*D*V										e=				0.0003				2		el		0.11

				D=(1.3(a*b)^.625)/(a+b)^.25										rho=				0.0763				3		tee thru		0.04

				V=Q/((Pi*D^2/4)/144)										dp100(target) =				0.09				4		tee branch		0.8

																						5		fan in		0.3

		Colbrook		1/f^.5 = -2*log(12*e/3.7/D+2.51/Re/f^.5)										Zone air flow =				1575				6		diffuser				0.04

				dp = (12*f*L*rho*(V/1097)^2)/D										Zone outdoor air =				250				7		ret grille				0.03

				To run this macro: First input cfm, desired duct height, and segment length on sheet two in the columns indicated. Input the maximum number of supply duct segments "subcountmax" in the indicated cell. If duct height is input as zero, then the macro will a

				The macro "newductsize" computes duct diamter for a given cfm based on equal friction, using the delta p per 100' [dp100(target] input on this sheet in cell I9. Therefore the duct diameters and widths shown on sheet two are not rounded to the nearest whol

										All data below calculated by macro except fixture codes, which are input by the user

		brcountmax          =				12				This macro will clear the contents of all calculated cells. The fixture loss input cells, N32 - Q100 will not be cleared

		duct leg		airflow Q		height a		width b		dia D		V		Re		L		duct dp		dp/100'		vdp		fixdp		systotdp		fixture C or dp								count		f'		fact		fact1		diff		dpfixa		dpfixb		dpfixc		dpfixd

				cfm		in		in		in		fpm				ft		iw		iw/100'		iw		iw		iw		coda		codb		codc		codd												iw		iw		iw		iw

		1		1575		12		20.0		16.8		1023		147142		20		0.017		0.085		0.066		0.058		0.075		1		2		3				12.000		0.0179		7.4644		7.4645		-0.0000748634		0.0478		0.0073		0.0027		0.0000

		2		1185		12		16.0		15.1		952		123097		15		0.013		0.085		0.057		0.002		0.015		3								12.000		0.0186		7.3389		7.3390		-0.0000514984		0.0023		0.0000		0.0000		0.0000

		3		985		10		17.0		14.1		905		109408		22		0.018		0.084		0.052		0.008		0.026		3		2						11.000		0.0190		7.2565		7.2566		-0.0000772476		0.0021		0.0057		0.0000		0.0000

		4		535		10		10.0		10.9		821		76809		8		0.008		0.096		0.043		0.039		0.047		4		2						10.000		0.0204		6.9962		6.9962		0.0000700951		0.0342		0.0047		0.0000		0.0000

		5		385		10		8.0		9.8		741		61894		12		0.011		0.091		0.035		0.001		0.012		3								11.000		0.0213		6.8467		6.8466		0.0000948906		0.0014		0.0000		0.0000		0.0000

		6		85		0		0.0		6.0		433		22234		20		0.013		0.063		0.012		0.050		0.062		4		6						13.000		0.0266		6.1363		6.1362		0.0000772476		0.0095		0.0400		0.0000		0.0000

		7		72		0		0.0		6.0		364		18705		20		0.009		0.046		0.008		0.031		0.041		7		3		2				13.000		0.0275		6.0258		6.0258		0.0000829697		0.0300		0.0003		0.0009		0.0000

		8		324		10		7.0		9.1		716		55799		12		0.011		0.093		0.032		0.001		0.012		3								12.000		0.0218		6.7715		6.7715		0.0000576973		0.0013		0.0000		0.0000		0.0000

		9		450		10		9.0		10.4		768		68136		8		0.007		0.090		0.037		0.030		0.037		4								11.000		0.0209		6.9154		6.9153		0.0000658035		0.0299		0.0000		0.0000		0.0000

		10		829		10		15.0		13.3		856		97634		22		0.018		0.081		0.046		0.007		0.025		3		2						10.000		0.0194		7.1781		7.1782		-0.0000977516		0.0019		0.0051		0.0000		0.0000

		11		997		12		14.0		14.2		912		110505		15		0.013		0.085		0.053		0.002		0.015		3								11.000		0.0190		7.2627		7.2627		-0.0000796318		0.0021		0.0000		0.0000		0.0000

		12		1325		12		17.0		15.6		1004		133690		20		0.018		0.090		0.064		0.029		0.047		5		3		2				12.000		0.0183		7.3921		7.3922		-0.000061512		0.0192		0.0026		0.0070		0.0000

																		0.156						0.258		0.414





Sheet2

		Project

		System-Zone								clear cell: input data

		calculation date								shaded cell: calculated by macro "newductsize"

		Duct Size and Rectangular/round duct conversion										Run macro "newductsize"

		supply air flow =				1575		cfm				dp100=		0.0900000036				return segments:				0 means returns correspond to supply segments

		outdoor air flow =				250		oacfm				e =		0.0003								>0 means returns are entered by user

		return air flow =				1325		rcfm				rho =		0.0763000026				If retseg = 0 then set sbrcountmax = supply duct segments

																		If retseg >0 then set sbrcountmax = supply and return duct segments

		sbrcountmax  =				6		see notes regarding return segments setting										return segments =				0

		D=(1.3(a*b)^.625)/(a+b)^.25								Curve fit of dia for dp100=.095 (first guess):								D=alog(.38352*log(cfm) + .00864)

		airflow		height		dia		width		dp100		branch		sbrcount		L		f		count		countf		countw		fact		fact1		diff		diffw

		cfm		in		in		in		iw/100'		cfm				ft

		1575		12		16.6		19.5		0.090		390		0		20		0.0179314947		30		12		11		7.4677841112		7.4678601003		-0.000075989		0.0005703629

		1185		12		14.9		15.6		0.090		200		1		15		0.0185470258		30		12		9		7.3428196625		7.3428718229		-0.0000521604		0.0007868381

		985		10		13.9		16.5		0.090		450		2		22		0.0189653463		30		11		11		7.261387471		7.2614673242		-0.0000798533		0.0005964393

		535		10		11.1		10.2		0.090		150		3		8		0.0204566865		29		10		5		6.9916930822		6.9916192085		0.0000738737		0.000825815

		385		10		9.8		8.1		0.090		300		4		12		0.0213388996		28		11		8		6.8456389566		6.8455431626		0.000095794		-0.0005841229

		85		0		5.6		0.0		0.090		0		5		20		0.0262645767		22		13		8		6.1704210106		6.1703444587		0.0000765519

		72		0		5.2		0.0		0.090				6		20		0.0269381965		20		13		8		6.0927834317		6.0927006218		0.0000828098

		324		10		9.2		7.1		0.090				7		12		0.0218267017		28		12		8		6.7687105591		6.7686523442		0.0000582149		-0.0007209056

		450		10		10.4		9.0		0.090				8		8		0.0209129502		29		11		7		6.9150026074		6.9149364098		0.0000661975		-0.000688252

		829		10		13.0		14.3		0.090				9		22		0.0193698764		29		11		10		7.1851621807		7.185210179		-0.0000479983		0.0006596812

		997		12		14.0		13.6		0.090				10		15		0.0189377276		30		11		8		7.2666805262		7.2667625846		-0.0000820584		0.0006165975

		1325		12		15.6		17.0		0.090				11		20		0.0183014869		30		12		10		7.3919124111		7.3919739484		-0.0000615373		0.0006246321

														12






_1287138897.xls
Sheet1

		DUCT SIZE CALCULATION SPREADSHEET										Run macro "friction factor"																																																										75293.03125

		Project		Template								system-zone				HP1, zone 1						fixture library

																						fixture type, C, and dp input by user

																						code		Fixtures		Fixture C		dp

		formulas:										fixed parameters (user input)										1		fan out		0.72

		Reynolds Number		Re = 8.56*D*V										e=				0.0003				2		el		0.11

				D=(1.3(a*b)^.625)/(a+b)^.25										rho=				0.0763				3		tee thru		0.04

				V=Q/((Pi*D^2/4)/144)										dp100(target) =				0.09				4		tee branch		0.8

																						5		fan in		0.3

		Colbrook		1/f^.5 = -2*log(12*e/3.7/D+2.51/Re/f^.5)										Zone air flow =				1575				6		diffuser				0.04

				dp = (12*f*L*rho*(V/1097)^2)/D										Zone outdoor air =				250				7		ret grille				0.03

				To run this macro: First input cfm, desired duct height, and segment length on sheet two in the columns indicated. Input the maximum number of supply duct segments "subcountmax" in the indicated cell. If duct height is input as zero, then the macro will a

				The macro "newductsize" computes duct diamter for a given cfm based on equal friction, using the delta p per 100' [dp100(target] input on this sheet in cell I9. Therefore the duct diameters and widths shown on sheet two are not rounded to the nearest whol

										All data below calculated by macro except fixture codes, which are input by the user

		brcountmax          =				12				This macro will clear the contents of all calculated cells. The fixture loss input cells, N32 - Q100 will not be cleared

		duct leg		airflow Q		height a		width b		dia D		V		Re		L		duct dp		dp/100'		vdp		fixdp		systotdp		fixture C or dp								count		f'		fact		fact1		diff

				cfm		in		in		in		fpm				ft		iwg		iwg/100'		iwg		iwg		iwg		coda		codb		codc		codd

		1		1575		12		20.0		16.8		1023		147142		20		0.017		0.085		0.065		0.057		0.074		1		2		3				12.000		0.0179		7.4644		7.4645		-0.0000748634		0.0470		0.0072		0.0026		0.0000

		2		1185		12		16.0		15.1		952		123097		15		0.013		0.085		0.056		0.000		0.013										12.000		0.0186		7.3389		7.3390		-0.0000514984		0.0000		0.0000		0.0000		0.0000

		3		985		10		17.0		14.1		905		109408		22		0.018		0.084		0.051		0.000		0.018										11.000		0.0190		7.2565		7.2566		-0.0000772476		0.0000		0.0000		0.0000		0.0000

		4		535		10		10.0		10.9		821		76809		8		0.008		0.096		0.042		0.000		0.008										10.000		0.0204		6.9962		6.9962		0.0000700951		0.0000		0.0000		0.0000		0.0000

		5		385		10		8.0		9.8		741		61894		12		0.011		0.091		0.034		0.000		0.011										11.000		0.0213		6.8467		6.8466		0.0000948906		0.0000		0.0000		0.0000		0.0000

		6		85		0		0.0		6.0		433		22234		20		0.013		0.063		0.012		0.049		0.062		4		6						13.000		0.0266		6.1363		6.1362		0.0000772476		0.0093		0.0400		0.0000		0.0000

		7		72		0		0.0		6.0		364		18705		20		0.009		0.046		0.008		0.038		0.047		7		3		2		4		13.000		0.0275		6.0258		6.0258		0.0000829697		0.0300		0.0003		0.0009		0.0066

		8		324		10		7.0		9.1		716		55799		12		0.011		0.093		0.032		0.000		0.011										12.000		0.0218		6.7715		6.7715		0.0000576973		0.0000		0.0000		0.0000		0.0000

		9		450		10		9.0		10.4		768		68136		8		0.007		0.090		0.037		0.000		0.007										11.000		0.0209		6.9154		6.9153		0.0000658035		0.0000		0.0000		0.0000		0.0000

		10		829		10		15.0		13.3		856		97634		22		0.018		0.081		0.046		0.000		0.018										10.000		0.0194		7.1781		7.1782		-0.0000977516		0.0000		0.0000		0.0000		0.0000

		11		997		12		14.0		14.2		912		110505		15		0.013		0.085		0.052		0.000		0.013										11.000		0.0190		7.2627		7.2627		-0.0000796318		0.0000		0.0000		0.0000		0.0000

		12		1325		12		17.0		15.6		1004		133690		20		0.018		0.090		0.063		0.000		0.018										12.000		0.0183		7.3921		7.3922		-0.000061512		0.0000		0.0000		0.0000		0.0000

																		0.156						0.144		0.300





Sheet2

		Project

		System-Zone								clear cell: input data

		calculation date								shaded cell: calculated by macro "newductsize"

		Duct Size and Rectangular/round duct conversion										Run macro "newductsize"

		supply air flow =				1575		cfm				dp100=		0.0900000036				return segments:				0 means returns correspond to supply segments

		outdoor air flow =				250		oacfm				e =		0.0003								>0 means returns are entered by user

		return air flow =				1325		rcfm				rho =		0.0763000026				If retseg = 0 then set sbrcountmax = supply duct segments

																		If retseg >0 then set sbrcountmax = supply and return duct segments

		sbrcountmax  =				6		see notes regarding return segments setting										return segments =				0

		D=(1.3(a*b)^.625)/(a+b)^.25								Curve fit of dia for dp100=.095 (first guess):								D=alog(.38352*log(cfm) + .00864)

		airflow		height		dia		width		dp100		branch		sbrcount		L		f		count		countf		countw		fact		fact1		diff		diffw

		cfm		in		in		in		iw/100'		cfm				ft

		1575		12		16.6		19.5		0.090		390		0		20		0.0179314947		30		12		11		7.4677841112		7.4678601003		-0.000075989		0.0005703629

		1185		12		14.9		15.6		0.090		200		1		15		0.0185470258		30		12		9		7.3428196625		7.3428718229		-0.0000521604		0.0007868381

		985		10		13.9		16.5		0.090		450		2		22		0.0189653463		30		11		11		7.261387471		7.2614673242		-0.0000798533		0.0005964393

		535		10		11.1		10.2		0.090		150		3		8		0.0204566865		29		10		5		6.9916930822		6.9916192085		0.0000738737		0.000825815

		385		10		9.8		8.1		0.090		300		4		12		0.0213388996		28		11		8		6.8456389566		6.8455431626		0.000095794		-0.0005841229

		85		0		5.6		0.0		0.090		0		5		20		0.0262645767		22		13		8		6.1704210106		6.1703444587		0.0000765519

		72		0		5.2		0.0		0.090				6		20		0.0269381965		20		13		8		6.0927834317		6.0927006218		0.0000828098

		324		10		9.2		7.1		0.090				7		12		0.0218267017		28		12		8		6.7687105591		6.7686523442		0.0000582149		-0.0007209056

		450		10		10.4		9.0		0.090				8		8		0.0209129502		29		11		7		6.9150026074		6.9149364098		0.0000661975		-0.000688252

		829		10		13.0		14.3		0.090				9		22		0.0193698764		29		11		10		7.1851621807		7.185210179		-0.0000479983		0.0006596812

		997		12		14.0		13.6		0.090				10		15		0.0189377276		30		11		8		7.2666805262		7.2667625846		-0.0000820584		0.0006165975

		1325		12		15.6		17.0		0.090				11		20		0.0183014869		30		12		10		7.3919124111		7.3919739484		-0.0000615373		0.0006246321

														12






_1286885282.xls
Sheet1

		DUCT SIZE CALCULATION SPREADSHEET										Run macro "friction factor"																																																										75293.03125

		Project		Template								system-zone				HP1, zone 1						fixture library

																						fixture type, C, and dp input by user

																						code		Fixtures		Fixture C		dp

		formulas:										fixed parameters (user input)										1		fan out		0.72

		Reynolds Number		Re = 8.56*D*V										e=				0.0003				2		el		0.11

				D=(1.3(a*b)^.625)/(a+b)^.25										rho=				0.0763				3		tee thru		0.04

				V=Q/((Pi*D^2/4)/144)										dp100(target) =				0.09				4		tee branch		0.8

																						5		fan in		0.3

		Colbrook		1/f^.5 = -2*log(12*e/3.7/D+2.51/Re/f^.5)										Zone air flow =				1575				6		diffuser				0.04

				dp = (12*f*L*rho*(V/1097)^2)/D										Zone outdoor air =				250				7		ret grille				0.03

				To run this macro: First input cfm, desired duct height, and segment length on sheet two in the columns indicated. Input the maximum number of supply duct segments "subcountmax" in the indicated cell. If duct height is input as zero, then the macro will a

				The macro "newductsize" computes duct diamter for a given cfm based on equal friction, using the delta p per 100' [dp100(target] input on this sheet in cell I9. Therefore the duct diameters and widths shown on sheet two are not rounded to the nearest whol

										All data below calculated by macro except fixture codes, which are input by the user

		brcountmax          =				12				This macro will clear the contents of all calculated cells. The fixture loss input cells, N32 - Q100 will not be cleared

		duct leg		airflow Q		height a		width b		dia D		V		Re		L		duct dp		dp/100'		vdp		fixdp		systotdp		fixture C or dp								count		f'		fact		fact1		diff

				cfm		in		in		in		fpm				ft		iwg		iwg/100'		iwg		iwg		iwg		coda		codb		codc		codd

		1		1575		12		20.0		16.8		1023		147142		20		0.017		0.085		0.065		0.057		0.074		1		2		3				12.000		0.0179		7.4644		7.4645		-0.0000748634		0.0470		0.0072		0.0026		0.0000

		2		1185		12		16.0		15.1		952		123097		15		0.013		0.085		0.056		0.000		0.013										12.000		0.0186		7.3389		7.3390		-0.0000514984		0.0000		0.0000		0.0000		0.0000

		3		985		10		17.0		14.1		905		109408		22		0.018		0.084		0.051		0.000		0.018										11.000		0.0190		7.2565		7.2566		-0.0000772476		0.0000		0.0000		0.0000		0.0000

		4		535		10		10.0		10.9		821		76809		8		0.008		0.096		0.042		0.000		0.008										10.000		0.0204		6.9962		6.9962		0.0000700951		0.0000		0.0000		0.0000		0.0000

		5		385		10		8.0		9.8		741		61894		12		0.011		0.091		0.034		0.000		0.011										11.000		0.0213		6.8467		6.8466		0.0000948906		0.0000		0.0000		0.0000		0.0000

		6		85		0		0.0		6.0		433		22234		20		0.013		0.063		0.012		0.049		0.062		4		6						13.000		0.0266		6.1363		6.1362		0.0000772476		0.0093		0.0400		0.0000		0.0000

		7		72		0		0.0		6.0		364		18705		20		0.009		0.046		0.008		0.038		0.047		7		3		2		4		13.000		0.0275		6.0258		6.0258		0.0000829697		0.0300		0.0003		0.0009		0.0066

		8		324		10		7.0		9.1		716		55799		12		0.011		0.093		0.032		0.000		0.011										12.000		0.0218		6.7715		6.7715		0.0000576973		0.0000		0.0000		0.0000		0.0000

		9		450		10		9.0		10.4		768		68136		8		0.007		0.090		0.037		0.000		0.007										11.000		0.0209		6.9154		6.9153		0.0000658035		0.0000		0.0000		0.0000		0.0000

		10		829		10		15.0		13.3		856		97634		22		0.018		0.081		0.046		0.000		0.018										10.000		0.0194		7.1781		7.1782		-0.0000977516		0.0000		0.0000		0.0000		0.0000

		11		997		12		14.0		14.2		912		110505		15		0.013		0.085		0.052		0.000		0.013										11.000		0.0190		7.2627		7.2627		-0.0000796318		0.0000		0.0000		0.0000		0.0000

		12		1325		12		17.0		15.6		1004		133690		20		0.018		0.090		0.063		0.000		0.018										12.000		0.0183		7.3921		7.3922		-0.000061512		0.0000		0.0000		0.0000		0.0000

																		0.156						0.144		0.300





Sheet2

		Project

		System-Zone								clear cell: input data

		calculation date								shaded cell: calculated by macro "newductsize"

		Duct Size and Rectangular/round duct conversion										Run macro "newductsize"

		supply air flow =				1575		cfm				dp100=		0.0900000036				return segments:				0 means returns correspond to supply segments

		outdoor air flow =				250		oacfm				e =		0.0003								>0 means returns are entered by user

		return air flow =				1325		rcfm				rho =		0.0763000026				If retseg = 0 then set sbrcountmax = supply duct segments

																		If retseg >0 then set sbrcountmax = supply and return duct segments

		sbrcountmax  =				6		see notes regarding return segments setting										return segments =				0

		D=(1.3(a*b)^.625)/(a+b)^.25								Curve fit of dia for dp100=.095 (first guess):								D=alog(.38352*log(cfm) + .00864)

		airflow		height		dia		width		dp100		branch		sbrcount		L		f		count		countf		countw		fact		fact1		diff		diffw

		cfm		in		in		in		iw/100'		ft				ft

		1575		12		16.6		19.5		0.090		390		0		20		0.0179314947		30		12		11		7.4677841112		7.4678601003		-0.000075989		0.0005703629

		1185		12		14.9		15.6		0.090		200		1		15		0.0185470258		30		12		9		7.3428196625		7.3428718229		-0.0000521604		0.0007868381

		985		10		13.9		16.5		0.090		450		2		22		0.0189653463		30		11		11		7.261387471		7.2614673242		-0.0000798533		0.0005964393

		535		10		11.1		10.2		0.090		150		3		8		0.0204566865		29		10		5		6.9916930822		6.9916192085		0.0000738737		0.000825815

		385		10		9.8		8.1		0.090		300		4		12		0.0213388996		28		11		8		6.8456389566		6.8455431626		0.000095794		-0.0005841229

		85		0		5.6		0.0		0.090		0		5		20		0.0262645767		22		13		8		6.1704210106		6.1703444587		0.0000765519

		72		0		5.2		0.0		0.090				6		20		0.0269381965		20		13		8		6.0927834317		6.0927006218		0.0000828098

		324		10		9.2		7.1		0.090				7		12		0.0218267017		28		12		8		6.7687105591		6.7686523442		0.0000582149		-0.0007209056

		450		10		10.4		9.0		0.090				8		8		0.0209129502		29		11		7		6.9150026074		6.9149364098		0.0000661975		-0.000688252

		829		10		13.0		14.3		0.090				9		22		0.0193698764		29		11		10		7.1851621807		7.185210179		-0.0000479983		0.0006596812

		997		12		14.0		13.6		0.090				10		15		0.0189377276		30		11		8		7.2666805262		7.2667625846		-0.0000820584		0.0006165975

		1325		12		15.6		17.0		0.090				11		20		0.0183014869		30		12		10		7.3919124111		7.3919739484		-0.0000615373		0.0006246321

														12






