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SYSTEM - Field of the Invention

This invention is generally related to control systens, and ?@M@/' 5
particularly to calibration of branch fluid flows in heating, ventilation,
and air- conditioning (H VAC) fluid diskribution systens.

AUTOMATED BRANCH FLOW CALIBRATION
IN A HVAC DISTRIBUTION SYSTEM

Field of the Invention

This invention is generally related to control systems, and more
particularly to calibration of branch fluid flows in heating, ventilation, and air-

conditioning (HVAC) fluid distribution systems.

Background of the Invention

Fluid distribution systems are well known in the art. One example of

a fluid distribution system is the system associated with heating, ventilating and air-

conditioning (HVAC) distribution systems. HVAC distribution systems see

widespread use in commercial applications, i.e., residential housing, apartment

buildings, office buildings, etc. However, HVAC distribution systems also see

widespread use in laboratory-type settings. In this implementation, the HVAC system
is primarily intended to exhaust potentially noxious fumes, etc.

"Ina majority of HVAC distribution system implementations, the

primary goal is to produce and distribute thermal energy in order to provide the

cooling and heating needs of a particular installation. For purposes of analysis, the

distribution system can be divided into two subsystems; global and local subsystems.



Background of the Invention Fluid distribution systens are
well known in the art. One exanple of a fluid distribution systemis the
system associ ated with heating, ventilating and air- conditioning (HVAC
di stribution systens. HVAC distribution systens see w despread use in
commercial applications, i.e., residentdal housing, apartnment buil dings,
of fice buildings, etc. However, HVAC distribution systens al so see

wi despread use in | aboratory-type settings. In this inplenentation, the
HVAC systemis primarily intended to exhaust potentially noxious funes,

etc. [N Lority. of AC di stributjon system | .
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electrical energy to the air for the purpose of moving air through the ductwork, the
ductwork works as 2 media to convey the air and the local terminal units provide flow
control in response to the space thermal need. '

The local terminal unit consists of a controller, damper, actuator and a
flow sensor. The controller receives the signal from the flow sensor and determines
measured flow. The controller then compares the actual flow with the desired flow
or flow setpoint and then modulates the actuator of the damper to ensure that the
actual flow is equal to the flow setpoint.

The distribution system described above is common in both variable
volume (VAV) and constant volume (CAV) HVAC systems. Ina VAV system, the
required flow through the terminal unit changes to satisfy the varying need of space
thermal requirement. As a result, the controller adjusts the damper/actuator to satisfy
the dynémic flow requirement. In case of a CAV, the flow requirement remains
constant. However, the actual flow may change due to the variation in duct static
pressure. Therefore, again the controller has to adjust the damper/actuator position
to keep the measured flow constant and equal to the desired flow setpoint.

FIG. 1 generally depicts a prior art HVAC distribution system which
has a fan controller 10 which controls the variable air volume by controlling the speed
of a fan 12 so that a constant static pressure at an arbitrary duct location (for example,
location 14) is maintained. A damper 16 is controlled by a local controller 18. The

static pressure at the location 14 measured by a static pressure sensor 20 fluctuates as



el ectrical energy to the air for the purpose of noving air through the
ductwork, the ductwork works as a nedia to convey the air and the | ocal
termnal units provide flow control in response to the space thernmal need.
The local term nal unit consists of a controller, danper, actuator and a

fl ow sensor. The controller receives tig signal fromthe fl ow sensor and
determ nes neasured flow. The controller then conpares the actual flowwth
the desired flow or flow setpoint and then nodul ates the actuator of the
danper to ensure that the actual flowis equal to the flow setpoint.
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building owner and significant time wasted by the contractor and/or the control
system provider.

Each section of a structure served by a single fan is called a branch. A
branch may be the duct work in the ceiling of a building, for example. In most
installations, a single fan serves several branches. The current process of
commissioning a HVAC system requires that each branch be individually calibrated
so that the entire system can eventually be "balanced.”

Branches in the system require calibration because the control signal
issued by a local controller to control the damper may not necessarily correspond to
an expected amount of flow through the damper. This occurs since the flows that
occur throughout the entire system are dependent on the installation and system
configuration itself. Consequently, to accurately provide the required amount of flow
to particular areas serviced by particular branches, each of the branches must be
individually calibrated. |

The calibration process for each branch of the system is tedious and
time consuming. First, an installation contractor has to have access to the branch at,
or substantially near, the damper where flow is to be calibrated. This may present a
problem if the damper is located in a tight corner, or other confined area, for example.

Then, using an external flow measurement device, the contractor measures the flow



the flow requirenment of the danper 16 varies. However, the fan controller
10 ignores the requirenent of static pressure in the entire system so that
the flow requirenment of the danper 16 can be satisfied. In this scenario,
the fan controller 10 attenpts to maintain an arbitrarily sel ected pressure
setpoint, which is often set based on & nmaxi mum operating design condition.
Wth regard to the cost of commssioning, it is felt not only by the HVAC
contractor who is performng the comm ssioning, but also by the control
system provi der. The current process of comm ssioning a HVAC systemis both
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system changes, the flow coefficients for a particular flow sensor and a particular

branch may change, which significantly impacts the overall system performance.
Only after the HVAC system is re-commissioned are these changes detected. Since
the commissioning of a HVAC system is cumbersome to begin with, changes
throughout the syster may go undetected for quite some time.

Thus, a need exists for a HVAC system which does not require any
input from an installation contractor to balance the system, and is thus capable of
performing a self-commissioning process so that the cumbersome task of

commissioning a HVAC system is eliminated.

Summa{'v of the Invention

It is therefore an object of the present invention to provide an improved
system for commissioning a HVAC distribution system.

Another object of the present invention is to provide an improved
system which allows a data communication between a local controller and a source

controller to implement automatic HVAC system commissioning.



t hrough the branch for varying danper positions. The local controller (if
applicable) can be used to vary the danper position. - Once the
contractor has perforned the manual neasurenents, a flow coefficient is
determ ned. The flow coefficient correlates the manual flow neasurenents to
fl ows neasured by a flow sensor near thke danper. The flow coefficient is
then entered manually into the |l ocal controller so that the |ocal

controller can provide adequate flow for the area to be serviced by the
branch. The process is then repeated for each and every branch in the

system I he cur ent nethod are gnified b t
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performng a self-conm ssioning process so that the cumbersonme task of

conmi ssioning"a HVAC systemis elimnated.

Brief Description of the Drawings

FIGURE 1 generally depicts, in block diagram form, a prior art control
system implemented in a HVAC system;

FIG. 2 depicts, in block diagram form, one embodiment of a HVAC
system for automatically balancing system flows in accordance with the present
invention;

FIG. 3 depicts, in block diagram form, a multiple zone HVAC system
for automatically balancing system flows in accordance with the present invention;
and,

FIG. 4 depicts, in block diagram form, an alternative embodiment of a
HVAC system for autoinatically balancing system flows in accordance with the

present invention.

Detailed Description of a Preferred Efnbodiment

Typically in prior art distribution systems there is a flow sensor which
consists of a pressure differential measuring device and a transducer to convert the
pressure signal into an electrical signal. The controller then converts the electrical
signal back to the differential pressure value and then applies the following equation

to determine the velocity measured at the location of the flow sensor.



Summary of the Invention It is therefore an object of the
present invention to provide an inproved system for comm ssioning a HVAC
di stribution system Anot her object of the present invention
is to provide an inproved systemwhich allows a data comuni cation between
a local controller and a source controBler to inplenment automatic HVAC
system comm ssi oni ng. A rel ated object of the
present invention is to provide an inproved system which allows a source
controller to orchestrate the calibration of branch flows w thout the

requi rement of manual . and determ nation of calibration

I nformati on. ﬂjggs‘mggg)and ot her objects will becone apparent upon
reading the follow ng detail ed description of the preferred enbodi nent of
the present invention, while referring to the attached draw ngs.
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be unity. However, in actual practice C varies with the type of sensor, its installation
and location among other factors. Manufacturers of such flow sensors often use a
higher C to amplify the pressure signal. | )

The current practice in HVAC industry is to measure total flow from the
terminal unit by an independent flow sensing device. Once that flow is measured
independently, C can be calculated by inserting the flow into equation 1 and using
corresponding value of P,. The device that is used is known as a flowhood, and the
process of measuring independent flow and then calculating the flow coefficients is
a part of HVAC system balancing, which is usually carried out by the balancing
contractors.

Although it appears to be a simple method, the measurement of flow
using such flowhoods and manual calculation to enter flow coefficient values is a
tedious and labor intensive process that is expensive for building owners.
Furthermore, the use for a HVAC controls company to coordinate with the balancing
contractor in a timely fashion becomes a logistics problem which often complicates
the commissioning process and is expensive for the controls contractor. It is not
unusual for problems to arise in determining responsibility for operational problems
as being caused by improper balancing or the control system. Also, as a system
changes over time, the calibration coefficients for control flow sensors may change
which will affect the overall system performance. This may happen due to changes
in the ductwork, the relocation of terminal units and the like. Such changes may not
be detected until the process of determining flow coefficients is repeated.

There are two embodiments of the system of the present invention,



I nventi on; FIG 3 depicts, in block diagramform a multiple
zone HVAC system for automatically bal ancing systemflows -in accordance
with the present invention; and, FIG 4 depicts, in block
diagramform an alternative enbodi nent of a HVAC system for automatically
bal anci'ng system flows in accordance with the present invention.

Detail ed Description of a Preferred Enbodi nent Typically in
prior art distribution systens there is a flow sensor which consists of a
pressure differential neasuring device and a transducer to convert the
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and afterwards anytime if it is necessary. The on-line capability of flow verification
as part of the existing control system will also benefit the user. The system can also
be utilized for ventilation verification and fault diagnostics in addition to ensuring that
the control system is operating properly. The invention eliminates the need for flow
hoods used by the balancing contractor in the balancing process.

Both embodiments determine the flow coefficients in the system. For
most common applications in commercial buildings, the first embodiment is preferred.
The second embodiment is suitable for more demanding applications where periodic
calibration is needed, such as in laboratories, clean rooms, operating rooms covering
healthcare, pharmaceutical, academic and research facilities.

In accordance with the first embodiment of the present invention and
referring to FIG. 2, the flow sensor 20 at the fan outlet will be used as an independent
source of measuring flow at each terminal unit 1, 2, 3, 4 by applying following
process.

Terminal units usually have factory default flow coefficients provided
with the units. The default values, although perhaps incorrect, can be used initially
to maintain a constant flow through each terminal unit by fixing a flow set point and
using pro;gortion—integral—derivative (PID) control if the flow through each terminal
unit is held constant, the total syste£11 flow, Q,,, measured at the fan outlet will be
constant. Every time Q,, is measured, sufficient time should be allowed for the
system to become steady. Initially, the terminal unit flow setpoints can be arbitrarily
selected as mid-point between minimum and maximum values of respective terminal
umnit.

At this point, terminal unit 1 can be commanded to be shut off to ensure



In an ideal case, where P[err] corresponds perfectly to the velocity, C
-will be unity. However, in actual practice Cvaries with the type of
sensor, its installation and | ocation anong ot her factors. Mnufacturers of
such flow sensors often use a higher Cto anplify the pressure si-gnal.

The current practice in HVAC industry Rs to neasure total flow fromthe
termnal unit by an independent flow sensing device. Once that flowis
nmeasur ed i ndependently, C can be cal culated by inserting the flowinto
equation 1 and using correspondi ng value of P[err]. The device that is used
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present invention,
constant to their previous values. Therefore, the flow sensor 36 for the damper of

terminal unit 1 can be calibrated using Equation ! by using P; of the fan and
corresponding P, for terminal unit 1.

The above procedure can be progressively used to calculate the
coefficients of flow sensors for each of the other terminal units 2, 3 and 4. The whole
process can be automated once the user at the remote controller 26 initiates the
process. The flow sensor 20 mounted at the outlet of the fan needs to be fairly
accurate, precalibrated and the local terminal units should have low leakage rate at the
rated working pressure.

The above procedure works well for a small system where the change
in flow due to the closing of an individual terminal unit is detectable and possible to
measure by the total flow sensor. A rule of thumb is that the total number of terminal
units should be about 10 or fewer. -

This embodiment is also applicable for a large system by dividing the
distribution system into several zones. In such case and referring to FIG. 3, a flow
sensor 20' can be mounted for each zone such that the flow coefficients for the
terminal units in a particular zone can be calculated with the help of a zone flow

sensor 20'. As a cost reduction, instead of having a permanent zone flow sensor for



nei ther of which requires any input froma balancing contractor. If an
operator requests systemcalibration, the data for calibration of flow
sensors will be collected renotely over the network, calibration
coefficients will be calculated and sent to the |local controllers, al
automatically. The invention can be use®d during conm ssioning and
afterwards anytine if it is necessary. The on-line capability of flow
verification as part of the existing control systemw || also benefit the
user. The systemcan also be utilized for ventilation verification and
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sel ect ed as lesscapdieaxppessa@es nmi ni num and naxi mum val ues of respective
termnal unit. At this point, termnal unit 1 can be

commanded to be shyp of it1be/BN)EMa005)>° (1)

where f is a friction factor, L is length of the duct (ft) and D, is the duct hydraulic
diameter (in).

The hydraulic diameter, D, is defined as the ratio between the flow area
and perimeter. For a round duct, D, becomes the duct diameter, d, and for a
rectangular duct, D, is (W1 "W2/(2'(W1+W2))), where W1 and W2 are the two sides
of a rectangle. |

The friction factor f is a function of duct velocity V, L, D, and duct
roughness, E. The range of values for duct roughness is narrow and will seldom vary
from one section of the duct to another. The friction factor can be explicitly

calculated by knowing the duct parameters and as a function of velocity as follows:

E 68
T2 011 (= + =)0 2
f (Dh + Re) (2)

where the Reynolds number, Re is expressed as



Qerr] is zero. This can be done by providing a control signal
corresponding tothe cl osed danper position froma renote controller 26
over a network 28. The @ err] should be nmeasured at this point. The
terminal unit 1 will then be commanded to open to 50% or 100% The  err]
shoul d be neasured again at steady stdfe and also the P[err] sensor 36 ~
signal for termnal unit | should be recorded. It should be understood that
there are other termnal units 2, 3 and 4 for roons 2, 3 and 4,
respectively, and that velocity pressure sensors 36, 38, 40 and 42 are
provi ded for roons 1-4, respﬁétbvely. Al so pressure sensors 44 and 46 are
provided in the ducts ® s he difference in-flom/CIerr](gﬁtmeen t he
previ ous and current val ue 20w be equal to the flow Qerr]. This is true
since the flow through the other term nal units have not changed and kept
constant to their previous values. Therefore, the flow sensor 36 for the
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initiates the process. The flow sensor 20 nounted at the outlet of the fan
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The above procedure V\DAyz? g_lvq@(;,f)m a small system where the ch@ﬁge

Hence, between any two points in a duct system, the pressure drop can be expressed

as

AP, = AP, + AP, ©)

For a given duct section, hydraulic diameter, D,, length, L. and roughness factor

remain constant. Hence AP, can be expressed as

K
AP’. - [(Kﬂ + _E/LZ_)U.ZS + KI}VZ.O (6)

where K, K, are frictional constants and K, is the local loss coefficient. However,
the variation with the magnitude of frictional term (K, + Kg/V)*® for a range of duct

velocity, V is very small. So, for all practical purposes it can be assumed as a

constant. Hence,

AP, = K, ()** )

Since V=Q/A, the equation (7) becomes

AP, = K(QY* (8)



in flow due to the closing of an individual termnal unit is detectable and
possible to neasure by the total flow sensor. A rule of thunb is that the
total nunber of term nal units should be about 10 or fewer.

This enbodinment is also applicable for a | arge system by dividing the

di stribution systeminto several zonest} In such case and referring to FIG
3, a flow sensor 20' can be nmounted for each zone such that the flow
coefficients for the termnal units in a particular zone can be cal cul ated
with the help of a zone flow sensor 20'. As a cost reduction, instead of
havi ng a perrhgierfre Avifeapprosshsstombtgiprthe value of K forsach duohssgmentndihee
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Cer i nal unicaroen Tofghis B, REoLbET L ARIRID U Sl o R K RS

pressure sengarbe made adised it Eqehtionn().! m%s'%grﬁﬂ't@ ah® BAlRAlaRBAS BrepdvallfBle for et
of each terminal unit. This is shown in FIG 4 which is simlar to FIG 2
and has t he nearecanstracting efraunisensulting ernginesasre dwrghsance ofadesigm datidi &ilon

has static pressure sensors 50, 52, 54 and 56 | o ed shown.
The T undane fORTIaNs B5F Toaed fite oBF SIS PHEBIISH K K20k OHESOBMeRt scuatas

two componensyqfibh Ghob aale A0d ACRIN boBSod ol Rpbisk P MEadikéd LRSS cdBe

frictional ['0SS can be éxp )
also used to update or validate the coefficients obtained from the design data.

With respect to the process of calculating the duct pressure loss
coefficients for various segments in the main duct and subsequently the procedure of
determining flow coefficients, it will be described in connection with FIG. 4. The
duct pressure loss between point f (fan outlet where pressure is measured) and inlet
to the terminal unit 1 where static pressure P, is measured by sensor 50 can be written

as

P

7o P1 = Kﬁ(p}c)z + KCI(VCI)Z )

In the above equation, V. is the total measured fan flow and V, is the unknown flow
through the terminal unit. As explained in connection with the first embodiment, the
unknown flow can be kept constant through the terminal unit 1 by using the default
flow coefficient and using terminal unit control loop.

Keeping the terminal unit 1 floWw constant, the fan flow can be varied
by commanding other terminal units to open or close. Hence, two sets of measured

values of P, P, and V can be obtainéd and expressed as follows:

By =PIy = BV + BV (10)

and

(Pf - P1)lz = Kfc(p}cp)z + ch(Vc”z)z (11)



[err] where f is a friction factor, L is length of the duct (ft) and
Derr] is the duct hydraulic di arreter (in). The hydraulic
dianeter, Dlerr] is defined as the ratio between the flow area and
perirreter. For a round duct, D{err] becones the duct dianeter, d, and for a
rectangul ar duct, Dierr] is (W *W2/(2%(W +W2))), where W and W2 are the

two sides of a rectangle. The friction factor f is a function
of duct velocity V, L, Dh and duct roughness, E. The range of values for
duct roughness is narrow and will seldomvary fromone section of the duct

to anot her. Bﬁéakmgctm diffarennedicteaen Equetipns 10 ang ld:aamhn«alﬁxwthay theroeloogyt he
duct par arret n S nctl of velocit
[err] ough &eatenmn@g)lmt é?@ainﬁec%%%l t(l}g %%F“‘ fae the msiprdugted
as segment identified at 58, can be calculated as,
_ (P "Pl)h'"(P "Pl)lz
SR AN T AN

(12)

The similar process can be adapted to calculate coefficients for other main duct
segments such as segment 60. Once the main segments are calibrated, the next step
will calculate each terminal flow as follows:

1. For terminal unit 1, for example, command terminal units 2, 3,
and 4 to close completely. In that case, P.=P, and P;=P,=P,.

2. Leave the terminal unit 1 at any open position (preferably at
50%).

3. Calculate the velocity through the first main duct segment as

PP
V, = (L9 (13)
f

K.

Hence, the flow rate through the first segment 58 is known as

O = Ve*dp, (14)

Similarly, the velocity through the se;cond main ségment 60 is

S s
o ch

%) (15)

and the flow rate through that segment 60 becomes

ch = Vcd *Acd ( ] 6)



[err] where Nu is the kinematics viscosity of air. For standard air,
Re=8.56*v*D[err] If f' [err] .018, then f=f, Oherwise f=0.85 f' + .0028.
The second conponent of duct pressure loss is due to the duct fittings
which is known as |ocal |oss and expressed as [err] Hence, between any
two points in a duct system the presddre drop can be expressed as [err]
For a given duct section, hydraulic dianeter, Dlerr] length, L and
roughness factor remain constant. Hence [err]P[err] can be expressed as
[err] where Klerr], Klerr] are frictional constants and Klerr] is the

| ocal |oss ddef differemte belsvasncthe teevalues of st hetdquehto thegflowuthroogh the

Verssomrt \GARRELS ] Bl e Yt bbobtbn o R s 9Pl et dn
Hence, [ eraﬁ_]ustments. The same process can be adapted to sequentially determine the flow
coefficients for each of the other boxes.
While various embodiments of the present invention have been shown
and described, it should be understood that various alternatives, substitutions and
equivalents can be used, and the present invention should only be limited by the |
claims and equivalents of the claims.
Various features of the present invention are set forth in the following

claims.



Since V=Q A the equation (7) becones [err] There are two

appr oaches | e value of K for each duct segrent. Wen desi gn data
and caiﬂ“ﬁmgmﬂgﬁgu gﬂai | abl e for a duct system (i.e., duct |ength,

di anet ef; tor, the local |oss coefficients), an estimate of
Klerr], Klerr] and Klerr] can be nadet4ind used in Equation (6). Désign data
and cal cul ations are available for new construction from consul ting

engi neers. I n absence of design data, all coefficients are |lunped into one
single paraneter, K for each duct segnent. Actual neasured val ues of
pressures WWHARIDEEAIMEE Ut e K. Measured val ues can be al so used to
update or validate the coefficients obtained fromthe design data.

Wth respect to the process of calculating the duct pressure |oss

coefficients for various s%q%@g%fapﬁ fo?%ufﬁ?hﬁiéyfﬁilt?ﬂﬁaﬁggﬁ?@ggtﬂlyﬂwtm%t

procedure of determ ning flow lcients, It w
connection \¢dsh dnésbranctid duittidpdatbition egstehgt tiee flulbididtribufid® systént et

where pressure is neasured) and inlet to the termnal unit 1 where Static
pressure P[ émpjermentingsuiendl mpnyehsommnentiin biewat igast ome braheh,r the fluid
distribution systerh having a source component for distributing the fluid to the at least
one branch, said apparatus comprising:
means for selectively instructing the local control component to at least
first and second positions; |
first means for measuring a first and second fluid flow at an output of
the source component, said first and second fluid flow at said output of the source
component corresponding to said first and second positions of said local control
component;
second means for measuring a first and second fluid flow at an input of
the local control component, said first and second fluid flow at said input of the local
control component corresponding to said first and second positions of said local
control component; and
means for calibrating the fluid flow in the at least one branch of the
fluid distribution system based on the measured first and second fluid flow at said
output of the source component and the measured first and second fluid flow at said

input of the local control component.

2. The apparatus of claim 1 wherein said means for instructing the
local control component further comprises a source controller coupled to said first

means for measuring.

3. The apparatus of claim 2 wherein said source controller instructs

the local control component via a local controller.



In the above equation, V[err] is the total neasured fan flow and V[err] is
the unknown flow through the termnal unit. As explained in connection with

the fi rs unknown flow can be kept constant through the

terrri nal W inlr[mn ﬂﬂt he def auI t flow coefficient and using term nal
It contro oaop moos pi the termnal unit 1 flow constant,

the fan fl ow can be varied by commndl ng other termnal units to open or

cl ose. Hence, two sets of measured values of P[err] P[err] and V[err] can

be obt ai ned and expressed as foll ows: [err] By taking the

di fference between Equations 10 and 11, and noting that the velocity

through the term nal un|t V[err], remains constant, the coefficient for
the mai n duct segnent 4i denEhei 63’359“’580%‘%1%@ c&qr‘é@rawﬂpra@ng meahgr for

transferring said measured first and second fluid flow at an input of the local control

component to said source controller.

5. The apparatus of claim 4 wherein said means for calibrating the

fluid distribution system further comprises said source controller.

6. An apparatus for automatically calibrating air flow in at least one
branch of a heating, ventilation and air-conditioning (HVAC) distribution system, the
HVAC distribution system implementing a damper means in the at least one branch
of the HVAC distribution system, the damper means being adjustable to a plurality
of positions, the HVAC distribution system having a fan for distributing the air to the
at least one branch, the apparatus comprising:

means for selectively controlling the damper means to first and second
positions;

a first flow sensor for measuring a first and second air flow at an output
of the fan, said first and second air flow at said output of the fan corresponding to said
first and second positions of said damper means;

a second flow sensor for measuring a first and second air flow at an
input of the damper means, said first-and second air flow at said input of the damper
means corresponding to said first and second positions of said damper means; and

means for calibrating the air flow in the at least one branch of the
HVAC distribution system based on the measured first and second air flow at said
output of the fan and the measured first and second air flow at said input of the

damper means.



The sim | ar process can be adapted to calculate coefficients for other main
duct segnents such as segnent 60. Once the main segnents are cali brated,

he n
For t
cI ose

3:

Hence,
Qerr] =V[err] *Alerr]?

ext step will calculate each termnal flow as foll ows:

1.

eﬂmm“ﬂ“ “ H“kat eégggl eP[ g?ﬂzgﬁeﬁ re]r mazgl PFQH]S |23[ e?r] agﬁefri[o

Ledve®t he t'erminal unit at any open position (preferably at 509%.

Cal cul ate the velocity through the first main duct segnent as
the flowrate througlb the first segnent 58 is known as

the velocity, through t.he secon in segment 60 is [err and the flow
rate througrfuftgﬁ‘i ‘%8@%3‘&’@ Bge ntroller or a source BVPglerz V[err] *Alerr]

(16)

[err]

he apparatus of claim 6 wherein said meatid)for c&libhatiagl v,

8. A method of automatically calibrating the fluid flow in at least

one branch of a fluid distribution system, the fluid distribution system implementing

a local control component in the at least one branch of the fluid distribution system,

the local control component being adjustable to a plurality of positions, the ﬂuid-

distribution system having a source component for distributing the fluid to the at least

one branch, the method comprising the steps of:

(a) instructing the local control component to first and second positions;

(b) measuring a first and second steady state fluid flow at an output of

the source component, said first and second steady state fluid flow at said output of

the source component corresponding to said first and second positions of said local

control component;

(c) measuring a first and second steady state fluid flow at an input of

the local control component, said first and second steady state fluid flow at said input

of the local control component corresponding to said first and second positions of said

local control component; and

{d) calibrating the fluid flow in the at least one branch of the fluid

distribution system based on the measured first and second steady state fluid flow at

said output of the source component and the measured first and second steady state

fluid flow at said input of the local control component.

9. The method of claim 8, wherein the steps (a) through (d) are

repeated for each branch of the fluid distribution system.



The difference between the two val ues of nust be equal to the flow through
the termnal unit 1. Hence, the flow coefficient may be fine-tuned by

si npl m“mtime‘“mm‘m*s The sane process can be adapted to sequentially
det er ni ) AN oW ficients for each of the other boxes.

Wi | e vari‘ous enbodi ments of the preddnt invention have been shown and
described, it should be understood that various alternatives, substitutions
and equi val ents can be used, and the present invention should only be
limted by the clains and equival ents of the clains. Vari ous

features of the present0invArmedadof automaticgly isalibrating the fluidlow iolatileast

14 VRAT lasﬁ%t'%r%lzlghlo%a fluid distribution system of the type which has a first main duct

segment between a source component for supplying fluid in said system and said first
branch and a second main duct segment downstream of said first main duct segment
and said first branch, and additional branches downs_tream of said first main duct
segment, said system having a local control component in each said branch of the
fluid distribution system, each local control component being adjustable to a plurality |
of positions, the method comprising the steps of:

determining the flow coefficient for said first main duct segment by
measuring the static pressure in said main duct segment and at said first branch at two
different operating conditions, comprising different flow rates in said first main duct
segment while keeping the flow rate through said first branch constant, and
calculating the flow coefficient of said first main duct segment;

determining the flow coefficient for said second main duct segment by
measuring the static pressure at said source component and at said first branch at said
two different operating conditions;

setting said first branch local control component at a first predetermined
open position while closing all other branch local control components, and calculating
the velocity through the first main duct segment;

calculating the flow rate through said first main duct segment;

calculating the velocity thi*ough the second main duct segment;

calculating the flow rate through said second main duct segment;

subtracting the flow rate of said second main duct segment from the
flow rate of said first main duct segment to determine the flow rate through said first

branch.



1. An apparatus for automatically calibrating the fluid flowin at

| east one branch of a fluid distribution system the fluid distribution
system i npl ement] cal control conponent in the at |east one branch,
the flui a‘\“\ﬁ ‘ ﬁ\‘\‘ﬁystem havi q a source conponent for distributing
the flui ‘ ¢ seast one brancit, said apparatus conpri sing:

means for *sefectively instructing the |ocal control conponent to at |east
first and second positions; first neans for measuring a
first and second fluid flow at an output of the source conponent, said
first and second fl ui bl.f Aowethodssi defingdinclaim G avheminseid steprpboalotlating
correspondi to said first.and. secon ositigns ,of said |ocal control
conponent ; the vefocity tgrough Sé‘é‘gg% g c?ger 43 APRGUSIng the pquativns econd
fluid flow at an input of the |local control conponent, said first and
second fluid flow at ?ﬁi ngPr}p @f the local control conponent
corresponding to saidf T ’"‘Eﬁd)second posi tions of said |ocal control
conmponent ; and fmeans for calibrating the fluid flowin the
at | east one branch of the fluid distribution system based on the neasured
first and second fluid flow at said output of the source conponent and the
measured first and second fluid flow at said input of the |Iocal control
conmponent . The apparatus of claim1 wherein said

2.
means for instructi ngllo? he A'xﬁ&ﬁ&é%?ﬂ&ﬁ{?éd ﬁP&BﬁHﬁ@twﬁ&EMd %_%B%@'cﬁ?c%tﬁg

source controller coupled to sal I'rs means fors neasuri n

3. The apBFIAY vate PhroblghisBidfimb alath Hustdegnieat iLdoraRin@tletdquatishr uct s
the local control conponent via a |ocal controller.

Op = Virdy

| 13. A method as defined in claim 10 wherein said step of calculating
the velocity through said second main duct segment is done using the equation:
v P-P,

d = (
ch

)0.5

14. A method as defined in claim 10 wherein said step of calculating

the flow rate through said second main duct segment is done using the equation:

ch = Vcd*Acd



4. The apparatus of claim 2 further conprising nmeans for transferring
said neasured first and second fltuid flow at an input of the |ocal control

compon d source controller. 5. The appar at us of
claim i Hﬁlm}ansfor calibrating the fluid distribution system
furthers ol ¥l sour ce controllfer. 6. An

apparatus for automatically calibrating air flowin at | east one branch of
a heating, ventilation and air-conditioning (HVAC) distribution system the
HVAC di stribution systeminplenenting a danper neans in the at | east one

branch of the HVAC di sitsti bl ineithed of gifonidtiRa R iiebratiRa e i Hoddinugedt e
to a plurali tg{ of positions, the HVAC distribution systemhaving a fan for
1

di stributing titsé baanch of & Hmiddistdbutionsysttmarifche typeevhichdraataufirst onaini duichg:

nmeans for selectively controlling the danper, peans, to fjrst and seco
posi tions; Segmentbetween a spureg qritpongit gQSEBHPlYm& Hdda spidystem ap @aaﬂgrst

second air . ' ' S flow at
SEoon o, AN o ol e RS Bt AR SR B 2
sai d danper g@ad$d first branch, and addtis@ABYAnRRMAARERan OF sdTBAGIE 'n'i%nadtfc't rst
and second air flow at an input of the danper neans, said first-and second
air flow at ssgimtnit,ngaid systemHmvitegmpdocal control component in each said branch of the
fluid distribution system, each local control component being adjustable to a plurality
of positions, the method comprising-the steps of:
determining the flow coefficient for said first main duct segment by
measuring the static pressure in said main duct segment and at said first branch at two
different operating conditions, comprising different flow rates in said first main duct
segment while keeping the flow rate through said first branch constant, and

calculating the flow coefficient of said first main duct segment using the equation:

- (Pf"PJi:"(Pf“Pl)Iz
(Vﬁ:“)z._(Vc‘z)Z

fo

determining the flow coefficient for said second main duct segment by
measuring the static pressure at said source component and at said first branch at two
different operating conditions, comprising different flow rates in said second main
duct segment while keeping the flow rate through said first branch constant, and

calculating the flow coefficient of said second main duct segment using the equation:

- (Pf‘*pl)ll”(Pf"Pl)lz ‘.
(Vcdl 1)2 -7, cdlz)z

ed

setting said first branch local control component at a first predetermined
open position while closing all other branch local control components, and calculating

the velocity through the first main duct segment using the equation:



means corresponding to said first and second positions of said danper

nmeans; and nmeans for calibrating the air flowin the at | east
one by, “‘““ﬁ‘\‘-mdl stribution system based on the nmeasured first and
secon m ““ o out put of thE fan and the neasured first and second
air flow at $aill i nput of the danper “ifeans. 7.

The apparatus of claim6 wherein said neans for calibrating further
conprises either a local controller or a source controller.

8. A met hod of automatically calibrating the fluid flowin at |east one
branch of a fluid distributipapsystem the fluid distribution system

i npl enenting a | ocal cﬁﬁt#d}~eeﬁﬁ5nent in the at | east one branch of the
fluid distribution system tHEhocaI control conponent being adjustable to
a plurality of positions, the fluid distribution system having a source
conponent for distributing the fluid to the at | east one branch, the nethod
conprising the steps of: a) instructing the |ocal control
conponent to first andadadating the fiow ratesthrough said first main dopt segasant usipgehe
first and second steady state fluid flow at an output of the source
conponent, $AM8UPRYst and second steady state fluid flow at said output of
t he source conponent corresponding to said first and second positions of
said | ocal control conp eﬁtkk*A (c) measuring a first and
second steady state quid’fIOM/a{ an input of

calculating the velocity through the second main duct segment using the

equation:

PP
v, = (__.__.,_:‘.’

0.5
K, )

calculating the flow rate through said second main duct segment using

the equation:

O = Vorrdy

subtracting the flow rate of said second main duct segment from the
flow rate of said first main duct segment to determine the flow rate through said first

branch.



the | ocal control conponent, said first and second steady state fluid flow
at said input of the local control conponent corresponding to said first
and second positions of said | ocal control conponent; and (d)
calibrating the fluid flowin the at | east one branch of the fluid

di stribution system based on the meadtred first and second steady state
fluid flow at said output of the source conponent and the neasured first
and second steady state fluid flow at said input of the local control
conponent . 9. The nethod of claim8, wherein the steps

(a) through (d) are remmbmm@mmmwcmmMm@wr'butlon

system DI vaPE ‘wu cally
callbratlngthefIU|de0W|n at eastsa rst El)\?anc of a fluid

di stribution systemof the type which has a first main duct segnent between
a source conponent for supplying fluid in said systemand said first branch
and a second main duct segment dabskactoftheDisclogurei rst nmain duct segnent
and said first branch, and additional branches downstream of said first

main duct segment, saisl BVACCHIMIMorRalcadBs p PRSURSS F cAROMARGhe SRR

said branch of the fluid distribution system “each |[oca conponent

bei ng adj ustbeimeh flowa ofithe systéry. dor pach brameh oftthe systémod daniper iscioged hed
steps of: determning the flow coefficient for said first
mai n duct sélprerialegs stethsutpy efhidicsprmeomprersand et the bwug ofdhe damper are

segment and at e d 'er artnp%{ %Qﬁen opene&%O% and again flow values at the output of the

prime mover and at the input of the damper are measured. A flow coefficient, which
correlates the flow difference measured at the output of the prime mover with the flow
difference measured at the input of the damper, is then determined. The flow through
each damper of each branch is calibrated in this manner, resulting in an overall
balancing of the HVAC system. The automated process of branch flow calibration
eliminates the tedious and time consuming process of both manual steps of measuring
the branch flows and determining the flow coefficients as was performed in the prior

art.

THIS SHEET HAS BEEN
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This Sheet Has B
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di fferent operating conditions, conprising different flowrates in said
first -main duct segnent while keeping the flowrate through said first
branch constant, and calculating the flow coefficient of said first main
duct segnent; determning the flow coefficient for said
second mai n duct segnment by neasuring the static pressure at said source
conponent and at said first branch at said two different operating

condi tions; setting said first branch |local control conponent
at a first predeterm ned open position while closing all other branch |ocal
control conponents, and cal culating the velocity through the first main

duct segnent; calculating the flow rate through said first
mai n duct segnent; calculating the velocity through the
second mai n duct segnent; calculating the flow rate through
sai d second nmai n duct segnent; subtracting the flow rate of

said second main duct segnent fromthe flowrate of said first main duct
segnent to determne the flowrate through said first branch

11. A method as defined in claim1l0 wherein said step of calculating the
velocity through said first main duct segnent is done using the equation:

[err]
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“12. A method as defined in claim10 wherein said step of calcuting the
flowrate through said first main duct segnment is done using the equation:

[err] 13. A nethod as defined in claim10 wherein said step of
calculating the velocity through said second nmain duct segnent is done
usi ng the equati on: [err] 14. A nethod as defined in claim
10 wherein said step of calculating the flowrate through said second main
duct segnent is done using the equation: [err]
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15. A nethod of automatically calibrating the fluid flowin at |least a
first branch of a fluid-distribution systemof the type which has a first
mai n duct segnment between a source conponent for supplying fluid in said
system and said first branch and a second mai n duct segnment downstream of
said first main duct segnent and said first branch, and additional branches
downstream of said first main duct segnent, said systemhaving a | oca
control conponent in each said branch of the fluid distribution system
each [ ocal control conponent being adjustable to a plurality of positions,
the nethod conprising the steps of: determ ning the flow
coefficient for said first main duct segnent by neasuring the static
pressure in said main duct segnment and at said first branch at two

di fferent operating conditions, conprising different flowrates in said

first main duct segnent while keepindgfthe flow rate through said first
branch constant, and cal ting the flow coefficient of said first main
duct segnent using the aR. [err determ ning the
flow coefficient for sai d mai nj duct segnment by neasuring the static
pressure at said sourceg pondr@y and] at sai deriy branch at two different
operating conditions, sifg @,ffprent flo es in said second main
duct segnent whil e keepg e f | rate thr g0 first branch
constant, and cal cul ating tHe fjl oW copf&l ci ept pai d second mai n duct
segnent using the equati OT N ™,
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[err] setting said first branch |ocal control conmponent at a
first predeterm ned open position while closing all other branch | ocal
control conponents, and calculating the velocity through the first nain
duct segnent using the equation: calculating the
flowrate through said first main duct segnment using the equation: [err]

calculating the velocity through the second main duct segnent using the
equat i on:
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LY G
[err] calculating the flow rate through said secondsmsi % ft <
segnent using the equation: Qerr] = Verr] *A[err]7 22 >
subtracting the flow rate of sai dgzsecond main duct segnent fromthe flow
rate of said first main duct segnent to determne the flow rate through
said first branch.

AUTOMATED BRANCH FLOW CALIBRATION
IN A HVAC DISTRIBUTION SYSTEM

Abstract of the Disclosure

A HVAC system auto¥nates the process of calibrating the individual
branch flows of the system. For each branch of the system, 2 damper is closed and
flow values at the output of the prime mover and at the input of the damper are
measured. The damper is then opened 50% and again flow values at the output of the
prime mover and at the input of the damper are measured. A flow coefficient, which
correlates the flow difference measured at the output of the prime mover with the flow
difference measured at the input of the damper, is then determined. The flow through
each damper of each branch is calibrated in this manner, resulting in an overall
balancing of the HVAC sysfem._ The automated process of branch flow calibration
elinﬁnat;s the tedious and time consuming process of both manual steps of measuring
the branch flows and determining the flow coefficients as was performed in the prior

art.

Figure 2
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