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• Overview of molbox/molbloc calibration system

• molbox2

• Molbloc-L

• Molbloc-S

• Upgrades

• Molstics 

• COMPASS for Flow

Topics
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• Molbox/molbloc introduced in ~ 
1993 in response to need in 
semiconductor industry

• Solution to calibrate “low” gas 
flow instruments

• Core system consists of a 
molbox2 flow terminal and at 
least 1 molbloc flow element

• Can include molstic(s) 
accessory and COMPASS for 
Flow calibration Software

Overview
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• MFC manufacturers – large user base for manufacturing & service  
calibrations

• Biopharm & Semiconductor – process MFC calibration

• Environmental & auto emissions-  calibrate gas blenders and transfer 
standards for monitor testing

• Nuclear – Leak rate tester calibration

• Aerospace – military applications and general aviation – many flow 
devices to support, especially around life support (breathing air) 
systems.

• Petrochem pilot/research plants – not refineries.  They use Brooks 
MFCs

• Fuel Cell testing – manufacturers or large users of FCs perform testing.  
Usually higher flows in H2.

• Specialty gas companies – dynamic gas blending

• General metrology – NMI’s use molbloc to GFS and successive 
addition.  NIST humidity lab application.

Common molbloc/molbox user industries
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molbox flow measurement terminal measures pressures and 
temperatures of molbloc elements to calculate flow.  

A typical system may have multiple molblocs, accessories and 
software all working together

molstics

MFC-CB

accessory
molbox2

molblocs

COMPASS

software

Typical device 

under test

molbloc/molbox system components
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Molbox2

The molbox2 is a flow computer that calculates flow based on the type of 

molbloc connected (-L or –S) and flowing conditions of the gas.  Using data 

stored on the molbloc, output of various sensors and thermodynamic details of 

the flowing gas, flow is calculated within stated uncertainties.

Majority of changes from molbox1 and 1+ are benefits related to use of molbloc-L

• Upgrading to NIST Flow Model and REFPROP 10 allows for stated 

uncertainties to be available for all gases in molbox2 system

• An accredited measurement uncertainty on a gas for which the molbloc is 

not calibrated (N2, Air, He, Ar, H2, C3H8, SF6, N2O, CO2, CH4)

• Added 7 additional gases for a total of 28, traceable measurements with rest 

of gasses molbox2 supports

• Room for an additional 36 gases (64 total), including gas mixtures with 

gases that are included in NIST data.

• Impetus for molbox2 was to allow for customers to use SF6 with accredited 

uncertainty, but with Fluke no longer having to use it.
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Molbox2

The NIST Flow Model will only be available on molbox2 which has the newest 

microprocessor and firmware. Older molboxes would have to have the boards 

replaced

Additional molbox2 features:

• Backward compatible with older molblocs

• Accredited/traceable measurement with other gases only available with 

molbloc-L-2

• New board allows for a 3.5 x faster response time of 340ms compared to 1.4 

seconds. Especially helpful for use with molbloc-S which tend to be less 

stable.



• Flow terminal/computer
• REFPROP 10 Gas Properties Database

• User interface to run calibration process

• Pressure transducers to measure 
molbloc pressures

• Resistance circuitry to read PRT and 
determine temperature

• Two channels to allow two concurrent 
molbloc connections

• Calculates the flow based on 
temperature and pressure gas 
properties and NIST Model

• Optional MFC option

molbox2
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• 4 versions presently available

• Molbox2-A700K(-MFC) (100 psia)

(the most common)

• Molbox2-A350K(-MFC) (50 psia)

• Molbox2-A2M(-MFC) (300 psia)

• Molbox2-A1.4M(-MFC) (200 psia)

molbox Flow Terminals

Legacy versions -  

• Molbox1 – Tradeup program or trade in for 15% promo discount

• Molbox1+  – Tradeup program or trade in for 15% promo discount

• Molbox RFM – 15% promo trade in discount
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molblocs

molbloc-L (laminar flow elements)

• 10 sccm to 100 slm ranges

molbloc-S (sonic nozzles)

• ranges up to 6000 slm

Physically stable, highly precise flow elements that work in tandem 
with molbox terminal to accurately calculate mass flow. Laminar 
and sonic technologies. Transmit pressure and temperature 
conditions to molbox along with unique calibration coefficients

Calibration chain = customer molblocs calibrated/compared against 
reference molblocs which trace back to primary standard. (GFS)
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molbloc - L
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molbloc-L (laminar flow elements)

• 10 sccm to 100 slm ranges

Mass flow rate is proportional to 

differential pressure P1 – P2

P1 P2

Temperature is also an important 

parameter, this type of laminar flow 

element was designed to “force” the gas to 

take on the temperature of the element

P1 P2

Company Confidential



molbloc-L element fundamentals

• High differential pressure relative to traditional LFEs

• Large surface area, low volume flow path for heat exchange 

(isothermal expansion - gas takes on temperature of molbloc)

• Filter integrated in upstream fitting, and electro-polished flow path 

surfaces reduce calibration shift caused by contamination

• Mechanically fixed construction defines flow path permanently

• Characterized over range of flows (Re) and line pressures

• Independent calibration for each gas

• Calibration coefficients stored in 

on-board EEPROM. 

• Flow starts from zero

• Maximum flow rate of 100 slm

• Designated as xEx-L-2, e.g. 3E4-L-2

• Older: xEx-VCR-V-Q e.g.3E4-VCR-V-Q Company Confidential



Upstream, low P (standard)

 200-325 kPa abs (15-33 psig) upstream of molbloc-L

Upstream, high P

 325-525 kPa abs (33-63 psig) upstream of molbloc-L

Downstream

 ~100 kPa abs downstream of molbloc-L (molbloc 
outlet vents to atmosphere) 

molbloc-L calibration pressure options

Upstream Hi pressure
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NOTE: Hi Pressure calibrations double the flow range  

10% 50% 100%

DP=50 kPa
Upstream low pressure

DP=80 kPa

Downstream

325-525 kPa abs 

200-325 kPa abs 

~100 kPa abs 

Remember - Mass flow rate is proportional to 

differential pressure Company Confidential



molbloc-L Ranges
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molbloc-L Ranges

High pressure calibrations
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Molbloc-L-2 uncertainty
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When used with molbox2, uncertainty is:

• ± 0.2 % of reading or ± 0.02 % FS, whichever is greater  

(standard calibration), ±0.5% reading/±0.125% FS for 1E5 

molbloc

• ± 0.125 % of reading or ± 0.0125 % FS, whichever is 

greater (premium calibration), Not available on 1E1 and 

1E5 molblocs

For gases in which we calibrate the molbloc
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Molbloc-L-2 uncertainty
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When used with molbox2, uncertainty is:

• ± 0.5 % of reading or ± 0.05 % FS, whichever is 

greater when flowing accredited and traceable 

gas for without a molbloc calibration in that gas.

• >± 0.5 % of reading or >± 0.05 % FS, when 

flowing traceable gases that molbox supports.

Company Confidential



molbloc-L Uncertainty

Uncertainty when flowing gas for which molbloc was not calibrated
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Molbloc-L-2 vs molboc-L 
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• Any legacy molbloc can be used with molbox2

• To take advantage of the new gas features customer must use 

molbloc-L-2

• Molbloc-L-2 cannot be used with legacy molbox1/1+

• If customer is adding a molbloc to an existing molbox1 system and 

not upgrading to molbox2, we should offer legacy molbloc xEx-VCR-

V-Q.

E.g 1E2-VCR-V-Q 3069627 1E2 LAMINAR MOLBLOC FLOW ELEMENT 
vs. 

1E2-L-2         6084583 1E2 LAMINAR MOLBLOC FLOW ELEMENT 
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molbloc-L gas calibration

• The default gas calibration for a molbloc-L is standard in upstream, 

Lo P N2.

• Can substitute upstream, hi P or downstream

• Can substitute premium calibration with price adder

• Need to specify other gases in which to calibrate each molbloc, 

both uncertainty type and pressure condition

• To operate in other gases with standard or premium uncertainty, 

molbloc must be calibrated in that gas.

3E4-L-2 6084605 3E4 LAMINAR MOLBLOC FLOW ELEMENT
MOL-L GAS CAL 3534520 FULL MOD, LO P, >5E1, PREM AIR

Default Calibration, low P N2, Stde.g. 3E4 molbloc

Adding Premium Air Calibration, Hi P
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• Introduced in 2002. Extends molbloc high flow 
capability above 100 slm to greater than 20000 
slm (Phoenix is accredited to 6000 slm)

• Same “transfer standard” approach as molbloc-L
• Solid metrological implementation of an appropriate existing 

technology - providing usable system to user

• Compatible with same molbox2

• Same specifications as laminar molblocs
• 0.2% of reading uncertainty with molbox1+ (standard)

• 0.125% of reading uncertainty with molbox1+ (premium)

• No specifications for flowing gases for which the 
molbloc is not calibrated 

molbloc-S-2
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molbloc - S
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molbloc-S (sonic nozzles)

• ranges up to 6000 slm
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Mass flow rate is proportional to absolute 

pressure P0 once the nozzle is choked, 

meaning the BPR remains below the 

critical value.

P0

P0

P0
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molbloc-S

How does it work?

Gas enters the nozzle at P0, is compressed and speeds up.  Maximum speed is 

at smallest diameter of nozzle.  Maximum velocity will be the speed of sound if 

P1 is about ½ of P0.

Flow will be amount of gas that can pass through the throat 

diameter @ the density of the gas @ the speed of sound 

P0

P1
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• In practice the molbloc-S technology requires that the 
ratio of the outlet to inlet absolute pressure (known as 
the back pressure ratio, or BPR) be less than a pre-
defined critical value.  This ensures flow is critical and 
molbloc-S flow calculation is valid

• The BPR value is dependent on molbloc-S size and is 
empirically determined by Fluke Calibration.

• molbox terminal monitors BPR and indicates to the user 
when reliable measurements can (and cannot) be 
made.

• Mass flow rate is proportional to absolute pressure P0

• Can use a vacuum pump downstream of molbloc to 
lower P1 and therefore extend the range of a molbloc-S

Ensuring critical flow in molbloc-S
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molbloc-S element fundamentals

• Integrated flow conditioner and heat exchanger

• Redundant integrated temperature probes

• Redundant absolute inlet pressure measurement by molbox

• Real time calculated output with sonic nozzle, updates every 340 ms

• Use of nozzle over wide pressure (and Re) range

• Independent calibration for each gas

• Calibration coefficients stored in on-board EEPROM. 

• Gas speed defined by physical laws - speed of sound

• Extremely linear, stable and insensitive

to contamination

• Designated as xEx-S-2, e.g 5E2-S-2

• Old xEx-S, e.g. 5E2-S
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molbloc-S-2 calibration pressure options

Remember - Mass flow rate is proportional to 

inlet pressure assuming critical BPR is met

P?

Standard Pressure (SP) calibration range:
• 50 to 600 kPaa Upstream Pressure

Low Pressure (LP) calibration range:
• 20 to 200 kPaa Upstream Pressure

High Pressure (HP) calibration range*:
• 200 to 2000 kPaa Upstream Pressure *requires higher pressure 

molbox1+
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Molbloc-S Range Chart
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• Default gas calibration for molbloc-S is SP STD in Air but we can 
substitute N2 if preferable for application and can sub HP or LP 
and/or Prem.

• In order to achieve manufacturer’s uncertainty, the molbloc must be 
calibrated in the specific gas.

• We cannot calibrate in all the gases that are on chart and can refer 
to Gas Calibration Availability Matrix (GCAM) to check on availability 
of gas calibration for specific molblocs. Currently we can calibrate 
molbloc-S in Air, N2, AR, CO2 and He.

Molbloc-S Gas Calibrations

30

• E.g 2E2-S-2 with SP STD Cal in Air and SP Prem in AR

2E2-S-2 6084475 2E2-S SONIC MOLBLOC FLOW ELEMENT

MOL-S GAS CAL 3534708 SP, PREM, AR
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• No physical changes to the molbloc-L to newer molblocs, minor 
EEPROM data change that doesn’t interfere with the original 
structure. Very old molblocs (SNs < 6000 or with no “+” in SN) 
require hardware upgrade to be molbloc-L-2 compatible

• Any molbloc-S can be upgraded to molbloc-S-2

• Molbox1 and molbox1+ trade up to molbox2: Customer sends us 
existing molbox and Fluke uses some components to build molbox2 
About 50% of cost of new molbox.

Upgrades
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Molbloc/molbox upgrades

32

Noun Description Item Number
1E1-L V6.0+MBX2 UPGD UPGRADE 1E1 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095192
5E1-L V6.0+MBX2 UPGD UPGRADE 5E1 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095267
1E2-L V6.0+MBX2 UPGD UPGRADE 1E2 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095251
2E2-L V6.0+MBX2 UPGD UPGRADE 2E2 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095246
5E2-L V6.0+MBX2 UPGD UPGRADE 5E2 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095233
1E3-L V6.0+MBX2 UPGD UPGRADE 1E3 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095185
5E3-L V6.0+MBX2 UPGD UPGRADE 5E3 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095171
1E4-L V6.0+MBX2 UPGD UPGRADE 1E4 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095163
3E4-L V6.0+MBX2 UPGD UPGRADE 3E4 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095159
1E5-L V6.0+MBX2 UPGD UPGRADE 1E5 LAMINAR MOLBLOC V5.4 TO V6.0 +  MOLBOX2  FORMAT 6095222

SONIC V6.0+MBX2 UPGD UPGRADE SONIC MOLBLOC V5.4, ANY RANGE, TO V6.0+ MBX2  FORMAT 6095205
V6.0/V6.0+MBX2 UPGD UPGRADE ANY MOLBLOC, ANY RANGE, FROM V6.0 TO V6.0+ MBX2 FORMAT 6095214

MOLBOX2-TRADEUP MOLBOX2 TRADEUP, TRADE IN MOLBOX1 FOR MOLBOX2 MASS FLOW TERM
6074841

MOLBOX2-TRADEUP1+ MOLBOX2 TRADEUP, TRADE IN MOLBOX1+ FOR MOLBOX2 MASSFLOW TERM 6074856
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Molbox/molbloc calibration

• Molblocs must be calibrated at Fluke against reference molblocs. 
There is no US calibration lab that has the capability to calibrate 
molblocs to manufacturer’s specifications.

• Molbox2 calibration requires calibration of pressure transducers 
and verification of standard resistors. High end calibration labs with 
a piston gauge and sufficient resistance standards can calibrate

• Molbox2 and molbloc are independent of each other and therefore 
can be calibrated separately, not as a system. Any mobloc 
operates with molbox2
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molstic-L
molstic-S

molstics

• Optional mounting platforms with valves, 
regulators, filters and interconnecting hardware to 
facilitate a more turn-key solution
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COMPASS for Flow software

Fully/partially automate flow calibrations including control and 
reading of DUTs, density corrections (when applicable), reporting, 
etc.
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Primary Standard

• Our own Primary dynamic 
gravimetric flow system GFS-2102

• As low as ~ 0.02% expanded 
uncertainty

• Featured on the cover of CalLab 
Magazine in 2007

• Flow in the fundamental SI units of 
kg per second, mass vs. time

• Used to calibrate Fluke Calibration’s 
reference molblocs
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Molbloc/molbox
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Questions?
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