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BASIS OF ANALYSIS OF HOOD EXHAUST AND ROOM SUPPLY FLOW 

AND ENERGY CONSERVATION POTENTIAL WITH DIFFERENT CONTROL SYSTEMS

· For establishing hood exhaust flows on a simplified basis, we use 40 cfm pre linear foot of hood width as is suggested by Appendix A by NFPA 45 - 1996, paragraph A-6-4.5 which states

…fume hoods which reduce the exhaust volume as the sash opening is reduced should maintain a minimum exhaust volume to ensure that contaminants are diluted and exhausted from a hood.  A minimum exhaust volume of 40 cfm per lineal foot of interior hood width generally ensures that contaminants are exhausted front a hood, however, some activities may require higher volumes to ensure that flammable atmospheres will not occur in the hood.

This condition when applied to Accu*Aire six foot fume hood, 24” deep with 5’-4⅛” (64⅛”) interior width, with flow at 40 cfm per linear foot of interior hood width translates to 5’-4⅛” (64⅛”) interior x 40 cfm = 214 cfm at sash closed.  For convenience of calculation, if 6’ based on nominal exterior size were used x 40 cfm = 240 cfm at minimum sash closed position would result.
· NFPA 45 – 2001 does not repeat the above reference being somewhat revised in Appendix A of NFPA 45 – 2001, paragraph A-6.4.6 states which state:

Laboratory fume hood containment can be evaluated using the procedures contained in ASHRAE 110, Method of Testing Performance of Laboratory Fume Hoods. Face velocities of 0.4 m/sec to 0.6 m/sec (80 ft/min to 120 ft/min) generally provide containment if the hood location requirements and laboratory ventilation criteria of this standard are met.


And

In addition to maintaining proper fume hood face velocity, fume hoods that reduce the exhaust volume as the sash opening is reduced should maintain a minimum exhaust volume to ensure that contaminants are diluted and exhausted from a hood. The hood exhaust airflow should not be reduced to less than 127 L/sec/m2 (25 ft3/min/ft2) of internal hood work surface even when the sash is fully closed.

This latter condition when applied to Accu*Aire six foot fume hood, 24” deep, with a 5’-4⅛” (64⅛”) interior, and with the work area restricted to the dished area only (9.2 square feet), based on 25 cfm/sq ft of dished area per the 2001 code yields a minimum flow of 232 cfm at sash closed.  We set our six foot hood minimum flow to 232 cfm.
· We also use 200 cfm per linear foot of exterior hood width for approximating the maximum hood exhaust flow with any vertical rising sash hood.

· We call attention to NFPA – 1996, section 6.4.6 and what it states regarding face velocity limits.

· We also call attention to NFPA – 2001, section 6.13.3 which states:

Laboratory hood face velocity profile or hood exhaust air quantity shall be checked after any adjustment to the ventilation system balance.

This dictates that fume hoods in constant volume service, with or without manifold exhaust, be individually rebalanced with any change or adjustment in a supply or exhaust system or across any supply or exhaust device.  This is something that does not need to be done if exhaust and supply flows through devices are subject to individual closed loop system static pressure flow control loops. 
Case I – Accu*Aire System – Basis: Maintain Face Velocity Constant for Capture Purpose and Keep the Sash Closed for Safety Purposes. 

SASH POSITIONING SYSTEM - constant face velocity with hood sash closure guaranteed by a motor driven sash-positioning device when user is not in front of the hood.

For the Accu*Aire system using sPs™  (Sash Positioning System)  we know that hood exhaust flow is reduced when a user leaves the front of a fume hood by the automatic controls, with calculated air flow as follows for a nominal 6’ wide hood based on a 40 cfm/ft of exterior hood width: 

Minimum exhaust flow rate based on 40 cfm/ft of width: 240 cfm = 6’ x 40 cfm/ft of width

Normal maximum hood exhaust flow corresponding to 50% sash opening: 720 cfm = (1200-240)/2 + 240

Maximum exhaust flow rate based on 200 cfm/ft of width: 1200 cfm = 6’ x 200 cfm/ft of width

Midnight until 8:00 am: Flow is constant at 240 cfm 

8:00 am until 5:00 pm:  5% of hood will be in use at 50% sash opening exhausting 720 cfm with 95% balance of time exhausting 240 cfm
5:00 pm until midnight:  Flow is constant at 240 cfm (this is 40/200 x hood max of 1200) 

Please note that in all our calculations we use the nominal exterior hood dimension rather then the interior hood dimension to arrive at air flow requirements.  This approach yields energy consumption results that are about 3% excessive relative to Accu*Aire’s minimum air flow needed, i.e., 240 cfm/232 cfm = 1.03 

The sPs™ (sash positioning system) consists of a photo eye mounted above the hood that detects user presence.  A controller then commands a motor to opens the fume hood to 50% so that the user can work.    Once the user walks away from the hood, the hood will close after a selectable timeout period.  The hood exhaust flow is set and controlled by hood sash position in an attempt to produce constant inferential face velocity, the best way per historical literature associated with being able to capture and contain materials used or liberated in a fume hood

The sSa™ (sash safety assistant) system consists of a photo eye mounted above the hood that includes a circuit that triggers an audible alarm any time the hood is open and a user is not in front of it.  This nuisance alarm trains the hood users to close a hood sash when they leave the hood face, a desirable goal industry would like to seem imparted to chemistry or biological student graduating from the college.  While it is less costly, it unlike the sPs installation of it cannot guarantee sash closure which the sPs™ does. 
With both the sSa or sPs hood exhaust flow is set and controlled by hood sash position in an attempt to produce constant inferential face velocity (the LAFCS function).  This is the best way per historical literature of being able to capture and contain materials used or liberated in a fume hood.    

For Accu*Aire using sPs™ (sash positioning system) we can assume the hood flow is calculated as follows for a nominal 6’ wide hood:

Midnight until 8:00 am:  Flow is constant at 240 cfm 

8:00 am until 5:00 pm:  5% of hood will be in use at 50% sash opening exhausting 720 cfm with 95% balance of time exhausting 240 cfm

5:00 pm until midnight:  Flow is constant at 240 cfm (this is 40/200 x hood max of 1200) 

Case II - Typical to LBL Low flow Constant Volume Type Hood Exhaust Flow Control Scheme. (for a description of how this system works review  http://www.eurekalert.org/pub_releases/2000-01/LBNL-Nefh-1301100.php , especially http://ateam.lbl.gov/hightech/fumehood/students/su99/chan/Introduction.htm ) 
Analysis for LBNL LOW FLOW TYPE HOOD, because it is a constant volume fume hood, is calculated on the basis of constant hood exhaust flow, typically using only 30 percent of the airflow of a conventional hood’s exhaust flow.  For a 6’ fume hood, flow is constant at 360 cfm at all times.

24/7 Operation: normal hood exhaust flow:  0.30 x 1200 = 360 cfm 

Case III - Typical to vertical rising sash type hoods equipped with Phoenix Control Corporation’s Usage Based Controls™ Face Velocity Control Scheme. (for a description of how this system works see review  Usage Based Controls™ narrative at  http://marketingvp.com/payback/phoenix/intro.htm )
Usage Based Controls™ - face velocity reset from 100 fpm to 60 fpm by presence sensor when user exits the front of the hood but with hood sash position remaining the same. 

For the Usage Based Controls™ face velocity control, experience suggests that users do not close fume hood sashes and the normal position of the hood sash, unless some feature is included that causes closure, will remain at the 50% open position.  In the following calculations we followed this assumption in our analysis associated with the Usage Based Control face velocity scheme.    

Normal maximum hood exhaust flow is thus based on 50% of (max – min) + min flow, which would be expected “occupied” flow at 100 fpm.   Normal minimum flow is based on Normal maximum hood exhaust flow reduced by 60/100 to represent 60 fpm velocity reset from 100 fpm at the normal condition as follows

Normal maximum hood exhaust flow:  0.50 x (1200 - 240) + 240 = (480) + 240 = 720 cfm 

Normal minimum hood exhaust flow:  60/100 * 720 cfm = 432 cfm (where face velocity is reset from 100 to 60 fpm)

Midnight until 8:00 am:  Flow is constant at 432 cfm  

8:00 am until 5:00 pm:    Flow is constant 95% of time at 432 cfm and 5% of the time the

flow is reset upward to the higher value of 720 cfm during operations in front of the hood)

5:00 pm until midnight:   Flow is constant at 432 cfm 

Case IV - Constant Air Volume type Hood

CONSTANT VOLUME FLOW TYPE HOOD WITH OR WITHOUT  BY-PASS  - face velocity is set to 100 fpm at full sash opening, with 24/7 operation necessary to sustain air balance in facilities employing constant volume supply air system operation.   Hoods should never be switched off in this situation and it is normally assumed that comfort conditioning is always maintained regardless of time of day.

Normal maximum hood exhaust flow:  1200 cfm 

Normal minimum hood exhaust flow:   1200 cfm

Midnight until 8:00 am:
Flow is constant at 1200 cfm  

8:00 am until 5:00 pm:
Flow is constant at 1200 cfm

5:00 pm until midnight:
Flow is constant at 1200 cfm 

FUME HOOD USAGE ANALYSIS & CAPTURE CONTAINMENT SAFETY

With the hood sash closed and hood exhausting a minimum exhaust flow rate drawn into the hood through the slot below the lower foil, no fugitive emissions outflow from the hood using the based on the ASHRAE 110 test use of a Marian 1A instrument can be detected.  Since the hood sash is kept closed about 5% of the time in an R&D type facility such as Exxon’s Clinton Facilities in Annandale, NJ one can make the following projections as it concerns hours of “active usage” (with someone standing before the hood) and with the sash being open.  

During the workday: 2400 minutes = 8 hours x 60min/hr x 5 days 

During off hours:       4800 minutes = 5 days x 16 hours/day x 60min/hr (5:00 pm until 8:00 am weekdays)

During Weekends:     2880 minutes = 2 weekend day x 24 hours/day x 60 min/hr

     Total of   10080 total minutes per week 

Time in “active usage” during work day would be = 0.05 x 2400 = 120 minutes; this is the expected usage during a normal work week

Percent of time sash is closed with no possibility of leakage = 98.80% or 0.988 = (10080 – 120)/10080).  The percent of time with the sash is open with some possibility of leakage would be 1.19% (0.019 = 1.000 – .988), i.e., when in “active use”.

Extension of a “no leakage claim” to those situations where the sash opening is something less then about 14” to 18” (about 50% opening) has also been observed with a constant linear capture velocity into the hood at 100 lfpm ensuring this.  Capture containment testing with a Total LFACS has indicates that some leakage from the hood is possible, becoming more probably and greater in magnitude as the sash opening (between 18” up 30”) increases to its maximum.   A high temperature heat source within the hood (hot plate) can compound and add to this leakage problem when the sash opening goes to maximum as “therms” can cause significant upward thermal “lifting” (a “therm”) of air in the hood that might compound fugitive emission leakage from the hood.

Some fugitive emission leakage has been observed to occur from a Total LAFCS hood design when the sash opening speed associated with the sPs is too fast relative to the LAFCS control system speed of response.  This problem can be alleviated to great degree by optimizing PID gains by “tuning” of the LAFCS control systems loops.  This same outflow problem can be reduced by a much greater extent by slowing the rate of hood sash opening when controlled by the sPs.  This finding is a justifying reason for slowing sash-opening speed, but expends the period for sash opening.  Extending the time period for sash opening causes some problems with impatient hood users.  Also noted, if a body is moved in front of the hood causing a piston effect, fugitive emissions can be drawn out of the hood with the amount escaping depending upon sash opening, how close the body is to the plane of the sash opening and the speed at which the body is moving.  The piston effect has no impact on hood leakage when the sash is closed and requires no user present before the hood opening to occur.  Piston effect leakage conflicts with the operation and performance goals associated with installation and use of a sPs sash closure system. In situations where the “piston effect” can be present, hood manufactures have sought to minimize its occurrence by extending the lower metal air foil outward beyond the plane of the sash opening, creating a barrier to displacing the user’s body away from the plane of the hood sash opening.

 

Other negative leakage causation can results from a body part (tummy in most cases) protruding inward toward the sash opening of the fume hood; this fortunately does not seem to impact capture containment much unless the individual working in front of the hood is wide, blocking off and obstructing a significant portion of the total hood sash opening. With use of a sPs incorporated into a Total LAFCS, someone has to be working in front of the hood for the sash to remain open and with this, an event causing a piston effect disturbance in front of the hood will not occur unless the user is first displaced from in front of the hood sash openings. 
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