





CONNECTORS AND VALVES

Barbed Tubing Connectors (continued)

Barbed Tubing Connector Kits (Continued)
PRODUCT TUBE ID MATERIAL
72-1413 Medium Polypropylene Barbed Connector Kit
KIT COMPONENTS:
Barbed Connector 1/4t0 1/4in Polypropylene
Barbed Connector 5/16 to 5/16in Polypropylene
Barbed Connector 3/810 3/8in Polypropylene
Barbed Connector 1/4t0 5/16in Polypropylene
Barbed Connector 1/4 t0 3/8 in Polypropylene
Barbed Connector 5/16 to 3/8in Polypropylene
L Barbed Connector 1/4to 1/4in Polypropylene
L Barbed Connector 5/16 to 5/16in Polypropylene
L Barbed Connector 3/810 3/8in Polypropylene
T Barbed Connector 1/4to 1/4in Polypropylene
T Barbed Connector 5/16 to 5/16in Polypropylene
T Barbed Connector 3/810 3/8in Polypropylene PRODUCT TUBE ID MATERIAL
Y Barbed Connector 1/4 10 1/4 in Polypropylene 72-1416 Large Polypropylene Barbed Connector Kit
Y Barbed Connector 3/8 to 3/8 in Polypropylene KIT COMPONENTS:
Barbed Connector 1/2t01/21in Polypropylene
72-1414 Medium Kynar® Barbed C tor Kit
S aibedl-onnectoniy Barbed Connector 5/8 to 5/8 in Polypropylene
KIT COMPONENTS: L Barbed Connector 1/2t0 1/21in Polypropylene
Barbed Connector 1/4t01/4in Kynar® L Barbed Connector 5/8 to 5/8 in Polypropylene
Barbed Connector 5/16t0 5/16in Kynar® T Barbed Connector 1/2t0 1/21in Polypropylene
Barbed Connector 3/8t03/8in Kynar® T Barbed Connector 5/8 to 5/8 in Polypropylene
Barbed Connector 1/4105/16in Kynar® Y Barbed Connector 1/2 t0 5/8in Polypropylene
Barbed Connector 1/4103/81in Kynar® Y Barbed Connector 1/2t0 1/21in Polypropylene
Barbed Connector 5/16 to 3/8in Kynar®
L Barbed Connector /410 1/4in Kynar® PC6 72-1417 Large Kynar® Barbed Connector Kit
L Barbed Connector 5/16 to 5/16in Kynar® KIT COMPONENTS:
L Barbed Connector 3/81t0 3/8in Kynar® )
Barbed Connector 1/2t01/2in Kynar®
T Barbed Connector 1/4to0 1/4in Kynar® )
Barbed Connector 5/8 to 5/8 in Kynar®
T Barbed Connector 5/16t0 5/16in Kynar® )
L Barbed Connector 1/2to 1/2in Kynar®
T Barbed Connector 3/8t0 3/8in Kynar® )
L Barbed Connector 5/8 to 5/8in Kynar®
Y Barbed Connector 1/4to 1/4in Kynar® )
T Barbed Connector 1/2to 1/2in Kynar®
Y Barbed Connector 3/810 3/8in Kynar® )
T Barbed Connector 5/8't0 5/8 in Kynar®
Y Barbed Connector 1/2 to 5/8in Kynar®
Y Barbed Connector 1/2to 1/2in Kynar®

Harvard Apparatus phone 508.893.8999 toll free U.S. 800.272.2775 fax 508.429.5732 www.harvardapparatus.com



CONNECTORS AND VALVES

Barbed Tubing Connectors (continued)

Luer to Tube Kits Luer to Tube Kits

PRODUCT TUBE ID MATERIAL

Luer Connector Kit
72-1407 Polypropylene Luer Connector Kit

r ' ,j KIT COMPONENTS:
Barbed Connector FLL to 1/16 Polypropylene

Barbed Connector FLL to 3/32 Polypropylene
Barbed Connector FLL to 1/8 Polypropylene
’ Barbed Connector FLL to 5/32 Polypropylene
Q: Barbed Connector FLL to 3/16 Polypropylene
Barbed Connector FLL to 1/4 Polypropylene
' t x Barbed Connector MLL to 1/16 Polypropylene
¢ # , Barbed Connector MLL to 3/32 Polypropylene
Barbed Connector MLL to 1/8 Polypropylene
Barbed Connector MLL to 5/32 Polypropylene
The Luer Connector Kits contain a selection of Luer fittings to Barbed Connector MLL to 3/16 Polypropylene
interconnect Luer connectors (e.g. syringes, stopcocks and Barbed Connector MLL to 1/4 Polypropylene
needles) with one another and with tubing. These kits are
available in polypropylene and Kynar®, a chemically resistant Cap Connector MLL Polypropylene
autoclavable plastic. Each kit is supplied in a convenient box. Cap Connector FLL Polypropylene
Coupler w/ Threaded FLL Connection FLL to MLL Polypropylene
T rps
Luer Taper fittings. These kits also contain color coded rotating Connector FLLtoFLL Polypropylene
Luer lock rings that securely snap onto the Male Luer Taper side Elbow Connector FLL to FLL Polypropylene
of each connector. These kits are available in polypropylene and T Connector 3-Way FLL Polypropylene
Kynar®, a chemically resistant autoclavable plastic. Each kit is
supplied in a convenient box. 72-1408 Kynar® Luer Connector Kit
KIT COMPONENTS:
Barbed Connector FLL to 1/16 Kynar®
Barbed Connector FLL to 3/32 Kynar®
Barbed Connector FLL to 1/8 Kynar®
Barbed Connector MLL to 1/16 Kynar®
Barbed Connector MLL to 1/8 Kynar®
Barbed Connector MLL to 5/32 Kynar®
Barbed Connector MLL to 3/16 Kynar®
Barbed Connector MLL to 1/4 Kynar®
Cap Connector MLL Kynar®
Cap Connector FLL Kynar®
Coupler w/Threaded FLL Connection FLL to MLL Kynar®
Connector MLT to MLT Kynar®
Connector FLL to FLL Kynar®
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CONNECTORS AND VALVES

Barbed Tubing Connectors (continued)

Luer to Tube Kits (Continued) Luer to Tube Kits (Continued)

PRODUCT TUBE ID MATERIAL PRODUCT TUBE ID MATERIAL
72-2739 Polypropylene Male Luer Taper Kit 72-2740 Polycarbonate Male Luer Taper Kit
KIT COMPONENTS: KIT COMPONENTS:
Snap Luer Lock Ring Male Red Nylon Snap Luer Lock Ring Male Red Nylon
Snap Luer Lock Ring Male Green Nylon Snap Luer Lock Ring Male Green Nylon
Snap Luer Lock Ring Male Polypropylene Snap Luer Lock Ring Male Polycarbonate
Barbed Connector MLT to 1/16in (R)" Polypropylene Barbed Connector MLT to 1/16in (R Polycarbonate
Barbed Connector MLT t0 3/32in (R)" _Polypropylene Barbed Connector MLT to 3/32in (R)*  Polycarbonate
Luer Coupler Male Polypropylene Luer Coupler Male Polycarbonate
Barbed Connector MLT to 1/8in (B)" Polypropylene Barbed Connector MLT to 1/8 in (R)* Polycarbonate
Barbed Connector MLT to 5/32in (R)* _Polypropylene Barbed Connector MLT to 5/32 in (R)*  Polycarbonate
Barbed Connector MLT to 3/16in (R)"  Polypropylene Barbed Connector MLT to 3/16in (R)*  Polycarbonate
Barbed Connector MLT to 1/4in (B)" Polypropylene Barbed Connector MLT to 1/4 in (R)* Polycarbonate
Barbed Connector MLT to 1/16in (§)"  Polypropylene Barbed Connector MLT to 1/16in (S)*  Polycarbonate
T Connector FLLMLT/MLT Polypropylene T Connector FLLMLT/MLT Polycarbonate
Barbed Connector MLT t0 3/32in (S)" _Polypropylene Barbed Connector MLT to 3/32in (S)*  Polycarbonate
Barbed Connector MLT to 1/8 in (§)" Polypropylene Barbed Connector MLT to 1/8 in (S)* Polycarbonate
Barbed Connector MLT to 5/32in (S)"  Polypropylene Barbed Connector MLT to 5/32in (S)*  Polycarbonate
Barbed Connector MLT to 3/16in (S)" _Polypropylene Barbed Connector MLT to 3/16in (S)*  Polycarbonate
Barbed Connector MLT to 1/4 in (§)" Polypropylene Barbed Connector MLT to 1/4 in (S)* Polycarbonate
T Connector FLL/MLT/FLL Polypropylene T Connector FLLMLT/FLL Polycarbonate
o o Flow Control Pinch Valves
Flow Control
Pinch Valves
Tubing Clamp Kits
The Flow Control Pinch Valves work with tubing from 5/32 inch
OD to 3/8 inch OD. The micrometer dial offers easy resetting of
72-1668 clamping distance. These valves are made of Delrin® and Acetal.

The clamps in the Tubing Clamp Kit feature a simple-to-use
ratcheting design which provides positive and secure clamping of
tubing to barbed and non-barbed connectors. Thirteen different 72-2694 Small
clamps provide clamping for tubing sizes from 1/16 inch OD to 1.5 72-8140 Medium
inches OD. This kit is supplied in a convenient box containing 5 of

each clamp size.

Order # Product

72-1668 Tubing Clamp Kit

Order # Clamp Size Tubing Clamp Range

5/32 to 1/4 in OD Tubing
5/32 to 3/8 in OD Tubing
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CONNECTORS AND VALVES

Kits and Valves

Tubing Manifold Kit Luer Stopcock Kit

72-1665

The Luer Stopcock Kit includes a collection of 1-, 3-and 4-way
stopcocks. Fittings include MLL (male Luer lock), FLL (female Luer
lock) and Male Luer Slip. Some stopcocks have high pressure
capabilities. This kit is supplied in a convenient box. All kit
components are also sold separately.

Luer Stopcock Kit

ORDER # PRODUCT
72-1664 Luer Stopcock Kit
KIT COMPONENTS:
72-8327 One Way Stopcock (200 psi), FLL/Male Luer Slip
The Tubing Manifold Kit contains several varieties of tubing 72-2648 3-Way Stopcock (1050 psi), FLL/FLL/MLL (Rotating)
manifolds for tube to tube connections. Many are compatible with 72-2650 One Way Stopcock (1050 psi), FLL/MLL (Non-Rotating)
MLT (male Luer taper) fittings. This kit is supplied in a convenient 72-8326 One Way Stopcock (200 psi), FLL/MLL (Rotating)
box. All kit components are also sold separately. 722693 3-Way Stopcock (200 psi), FLL/FLL/Male Luer Siip
72-2655 One Way Stopcock (1050 psi), FLL/MLL (Rotating)
Tubing Manifold Kit 72-2657 One Way Stopcock (500 psi), FLL/MLL (Rotating)
ORDER # PRODUCT 72-2658 3-Way Stopcock (1050 psi), FLL/FLL/MLL (Non-Rotating)
72-7481 Tubing Manifold Kit 72-2659 3-Way Stopcock, FLL/FLL/FLL
KIT COMPONENTS: 72-2660 3-Way Stopcock (500 psi), FLL/FLL/MLL (Non-Rotating)
72-2673 Y Connector FLL/FLL/MLL (Rotating) 72-2662 3-Way Stopcock (200 psi), FLL/FLL/MLL (Rotating)
72-9473 3-Way Stopcock (130 psi), FLL/FLL/MLL (Non-Rotating)
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CONNECTORS AND VALVES

Micro Tubing and Connector Kit, Syringe Needles

Parts and Accessories

The kit is comprised of barbed and Luer fittings, blunt end
needles, and an assortment of PE and C-Flex tubing. All barbed
and Luer fittings are made from polypropylene and include
tube to tube, reducing, Y-, T-, Luer-to-Luer, and Luer-to-barb
adapters. Comes in a convenient plastic storage box.

64-1565 KIT-1 Fitting and Tubing Kit I
KIT COMPONENTS:

Tube Fitting Barb 1/8” to 1/16”, pkg. of 10

Tube Fitting Barb 1/16” to 1/16”, pkg. of 10

Tube Fitting Barb 1/8” to 1/8”, pkg. of 10

Tube Fitting Tee Barb 1/16”, pkg. of 10

Tube Fitting Tee Barb 18", pkg. of 10

Tube Fitting Y Barb 1/16”, pkg. of 10

Tube Fitting Y Barb 1/8”, pkg. of 10

Tube Fitting Barb 1/16” to Luer Male, pkg. of 10
Tube Fitting Barb 1/8” to Luer Male, pkg. of 10
Tube Fitting Barb 1/16” to Luer Female, pkg. of 10
Tube Fitting Barb 1/8” to Luer Female, pkg. of 10

7 64-1570 64-1572 Tube Fitting Luer Male to Luer Female, pkg. of 10
64-1566 Tube Fitting Luer Tee Female, pkg. of 10

) Tube Fitting Luer Male to Luer Male, pkg. of 10
Tube Fitting Luer Female to Luer Female, pkg. of 10
Tube Fitting Luer Female Plug, pkg. of 10
Tube Fitting Luer Male Plug, pkg. of 10

g LPE-50, Luer to PE-50 tubing adapter, pkg. of 8
64-1569 64-1571 CFL-6, C-Flex tubing (1/32" ID x 6 ft) 3/32 OD mm, 6 ft
BLUNT NEEDLE PLASTIC HUB
SN-18, 18G, 0.5", pkg. of 12
64-1578 SN-23, 23G, 0.5”, pkg. of 12
SN-30, 30G, 0.5”, pkg. of 12
SN-20, 20G, 0.5", Pkg. of 12
POLYETHYLENE TUBING
PE-10/10., 0.28 ID x 0.61 OD mm, 3.1 m (10 ft) long
PE-50/10., 0.58 ID x 0.97 OD mm, 3.1 (10 ft) long
64-1580 64-1577 PE-90/10., 0.86 ID x 1.27 OD mm, 3.1 m (10 ft) long
PE-160/10., 1.14 ID x 1.57 OD mm, 3.1 m (10 ft) long

64-1576 64-1581
64-1575

Blunt End Needles
64-1489 m—

64-1490

64-1583

HCEEERE SO
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CONNECTORS AND VALVES

ML, MM, MP and MPP Series

Manifolds and Flow Control Hardware
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ML, MM, MP and MPP Series Material and Size Chart
ML Series MM Series MP Series  MPP Series
MATERIAL Delrin™ Delrin™ PTFE Delrin™
LARGE 8.0 mm 8.0 mm 9.4 mm 9.4 mm
DIAMETER
SMALL 4.7 mm 4.7 mm 6.3 mm 4.7 mm
DIAMETER
BODY LENGTH 18 mm 18 mm 22 mm 21 mm
INPUT TUBING PE-50 PE-50 PE-160 PE-160

Harvard Apparatus phone 508.893.8999

Multi-in or multi-out manifolds for
fluid management

Harvard Apparatus manifolds can be used in any application
where from 2 to 8 perfusion lines are required to be connected

to a chamber or other device. Manifold inputs converge to the
common output with minimum dead space. Designed for use with
polyethylene (PE) tubing, manifolds can be used with any other
tubing of similar dimensions. When connected to a chamber via a
short length of tubing, very rapid solution changes are possible.

ML and MM Series

These miniature manifolds are useful for applications involving
small volumes or slow flow rates. Small diameter tubing is used
with these models; PE-50 tubing for the input ports, and PE-10 or
PE-50 tubing for the MM or ML series output ports, respectively.

MP Series

MP series manifolds are recommended low pressure (< 25 psi)
systems. Input and output tubing are inserted with a friction fit.
Manifolds should be ordered with inputs to match the number of
solutions to be connected. Pin plugs to block unused inputs are
also supplied. MP series manifolds are used with PE-160 tubing.

MPP Series

These manifolds are suitable for systems in which solutions are
pumped or at pressures < 25 psi. Input and output ports are 18
gauge stainless steel hypodermic tubing. PE-160 tubing slides
over these ports to make a snug fit.

Order # Model Product

64-0200 ML-2 Miniature Manifold, 2 ports
64-0201 ML-4 Miniature Manifold, 4 ports
64-0202 ML-6 Miniature Manifold, 6 ports
64-0199 ML-8 Miniature Manifold, 8 ports
64-0203 MM-2 Miniature Manifold, 2 ports
64-0204 MM-4 Miniature Manifold, 4 ports
64-0205 MM-6 Miniature Manifold, 6 ports
64-0206 MP-2 MP Manifold, 2 ports
64-0207 MP-3 MP Manifold, 3 ports
64-0208 MP-4 MP Manifold, 4 ports
64-0209 MP-5 MP Manifold, 5 ports
64-0210 MP-6 MP Manifold, 6 ports
64-0211 MP-8 MP Manifold, 8 ports
64-0212 MPP-2 MPP Manifold, 2 ports
64-0213 MPP-3 MPP Manifold, 3 ports
64-0214 MPP-4 MPP Manifold, 4 ports
64-0215 MPP-5 MPP Manifold, 5 ports
64-0216 MPP-6 MPP Manifold, 6 ports
64-0217 MPP-8 MPP Manifold, 8 ports
64-0339 MPP-24 MPP Manifold, 24 ports

All manifolds can be easily disassembled for cleaning.
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PUMP REFERENCES

How to Calculate the
Pressure Requirement of Your Experiment

The following chart will help you determine the pressure requirement of your experiment.

This is important in selecting the correct pump with the proper psi capability for your application.
Choose the selections that are the closest to your experimental conditions or write in your actual
values. Once you have filled in the chart call us for technical assistance if needed.

» Nature of the sample you are flowing into (Application)

« The flow rate of the material

» The surface area of the syringe and the linear force
capability of the pump

* The tubing diameter
* The tubing length

NORMAL PRESSURE HIGH FORCE EXTREME HIGH PRESSURE

0 to 30 psi 31 to 150 psi 151 to 2000 psi
(0 to 2 bar) (2.1 to 10.2 bar) (10.3 to 137 bar)

1. Application

L
o
w

Flow into open containers,
i.e. titrations, food trays filling

Inject into Tissue,
i.e. Drug infusion into muscle, brain

Flow into closed container,
i.e. Reaction Chamber 350 to 400 psi

High viscosity solutions at high flow rates in a short period of time,
i.e. Corn syrup

2. FLOW RATE -Pumping Speed (The faster the flow rate, the higher the pressure)
0.003 pl/hr to 140 ml/min
141 ml/min to 220 mi/min

3. SYRINGE SIZE (Syringe volume/plunger area + linear force of pump)

10 pl to 1 mlie. 500 pl/min x 20 Ib = 1500 psi

4. TUBING SIZE (Inner diameter, Smaller ID = higher pressure)
SMALL -Capillary (the longer more pressure)
LARGE -Hose

5. TUBING LENGTH -DISTANCE (Depends on ID Smaller ID = higher pressure)
Short, < 1M

Long, > 1M

6. VISCOSITY OF MATERIAL TO BE PUMPED (Higher viscosity = higher pressure)

AIR 18°C = 0.0182 cP

WATER 20°C = 1.002 cP

OLIVE OIL 20°C = 84cP

PANCAKE SYRUP 20°C = 2500 cP
HONEY 20°C = 10000 cP

PEANUT BUTTER 20°C = 250000 cP

7. TEMPERATURE OF SOLUTIONS BEING PUMPED (Higher temperature = lower viscosity = lower pressure)
0to 15°C

15to 80°C

Harvard Apparatus phone 508.893.8999 toll free U.S. 800.272.2775 fax 508.429.5732 www.harvardapparatus.com



PUMP REFERENCES

Syringe Pump Pressure and Flow Rate

How to Calculate the Pressure of Various Syringe Sizes

The pressure that a syringe pump can generate is a function of both the force of the pump (measured at the pusher block in pounds)

as well as the physical characteristics of the syringe and setup used. The following table compares various syringe pumps and the
pressures in PSI (pounds per square inch). Each data point was calculated by dividing the average pump force by the surface area (in
square inches) of syringes with diameters from 0.1 to 50 mm. Diameters and surface areas for a variety of syringes can be found in the
table on page 112. This table is intended to be a guide of total pressures generated. Actual values may be higher or lower than the listed
pressures due to the influence of other factors such as tubing diameter and length. When using more than one syringe sharing the same
pusher block, the pressure is calculated by dividing the force (Ib) by the total surface area (square inches) of all syringes on the pump.
For example, nominal pressure obtained using two 25 ml Hamilton Gastight® syringes on a PHD 22/2000 standard pressure syringe pump
would be:

Minimum/Maximum Flow Rates by Pump and Syringe Size

Flow rates were calculated based on the pusher block travel rate for each pump (rate at which the syringe pump moves the syringe
plunger) and the diameter of the syringe.

Pump 11 Elite Flow Rates

Nominal Minimum/Maximum Flow Rates for Various Syringes.
(Actual Limits will vary depending on syringe manufacturer)

Syringe Size Diameter * Minimum Maximum
0.5l 0.103 mm 1.26 pl/min 1.326 pl/min
Tl 0.146 mm 2.52 pl/min 2.654 pl/min
2l 0.206 mm 5.10 pl/min 5.304 pl/min
5yl 0.343 mm 14.160 pl/min 14.710 pl/min
10l 0.485 mm 28.260 pl/min 29.400 pl/min
25l 0.729 mm 63.960 pl/min 66.430 pl/min
50 pl 1.080 mm 127.700 pl/min 132.600 pl/min
100 pl 1.457 mm 255.500 pl/min 265.400 pl/min
250 pl 2.304 mm 638.900 pl/min 663.500 pl/min
500 pl 3.256 mm 1.276 nl/min 1.325 ml/min
1000 pl 4.608 mm 2.556 nl/min 2.654 ml/min
1mi 4.699 mm 2.658 nl/min 2.760 ml/min
3ml 8.585 mm 8.871 nl/min 9.213 ml/min
5ml 11.99 mm 17.300 nl/min 17.970 mli/min
10ml 14.43 mm 25.050 nl/min 26.020 mli/min
20 ml 19.05 mm 43.680 nl/min 45.360 ml/min
30 ml 21.59 mm 56.110 nl/min 58.270 mli/min
50 ml 26.59 mm 85.130 nl/min 88.400 ml/min
60 ml 26.59 mm 85.130 nl/min 88.400 ml/min

* Note: These figures have been rounded and therefore may not exactly match the
Syringe Diameter Chart on page 112.
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PUMP REFERENCES

Syringe Pump Pressure and Flow Rate

Minimum/Maximum Flow Rates By Pump and Syringe Size

Pico Plus Elite Flow Rates PHD ULTRA™ 4400 Flow Rates

Nominal Minimum/Maximum Flow Rates for Various Syringes. Nominal Minimum/Maximum Flow Rates for Various Syringes.
(Actual Limits will vary depending on syringe manufacturer) (Actual Limits will vary depending on syringe manufacturer)
Syringe Size Diameter * Minimum Maximum Syringe Size Diameter * Minimum Maximum
0.5 ul 0.103 mm 0.54 pl/min 596.5 nl/min 0.5l 0.103 mm 3.0600 pl/min 1.59133 pl/min
1yl 0.1457 mm 1.14 pl/min 1.194 pl/min 1l 0.1457 mm 6.1200 pl/min 3.18423 pl/min
2l 0.206 mm 2.28 pl/min 2.386 pl/min 2.l 0.206 mm 12.240 pl/min 6.36532 pl/min
5ul 0.343 mm 6.36 pl/min 6.615 pl/min 5l 0.343 mm 33.960 pl/min 17.6471 pl/min
10ul 0.485 mm 12.72 pl/min 13.230 pl/min 10l 0.485 mm 67.920 pl/min 35.2833 pl/min
25 i 0.729 mm 28.74 pl/min 29.880 pl/min 25 pl 0.729 mm 153.480 pl/min 79.7151pl/min
50 i 1.030 mm 57.42 pl/min 59.650 pl/min 50 pl 1.080 mm 306.420 pl/min 159.133 pl/min
100 pl 1.457 mm 114.9 pl/min 119.4 pl/min 100 pl 1.457 mm 613.200 pl/min 318.423 pl/min
250 pl 2.304 mm 287.4 pl/min 298.5 pl/min 250 pl 2.304 mm 1.53348 nl/min 796.252 pl/min
500 pl 3.256 mm 574.0 pl/min 596.1 pl/min 500 pl 3.256 mm 3.06258 nl/min 1.59021 ml/min
1000 pl 4.608 mm 1.150 nl/min 1.194 ml/min 1ml 4.699 mm 6.37872 nl/min 3.31205 ml/min
1ml 4.699 mm 1.196 nl/min 1.241 ml/min 2.5ml 4.851 mm 6.79806 nl/min 3.52979 ml/min
3mi 8.585 mm 3.990 nl/min 4.144 ml/min 3 ml 8.585 mm 21.915 nl/min 11.0552 ml/min
5ml 11.989 mm 7.782 nl/min 8.082 ml/min 5mi 11.989 mm 41.5232 nl/min 21.5601 ml/min
10ml 14.430 mm 11.270 nl/min 11.700 ml/min 8 mi 9.525 mm 26.2093 nl/min 13.6087 ml/min
* Note: These figures have been rounded and therefore may not exactly match the 10ml 14.427 mm 60.1280 nl/min 31.2204 ml/min
Syringe Diameter Chart on page 112 20 mi 19.060 mm 104.837 n/min  54.4347 mi/min
30ml 21.590 mm 134.658 nl/min 69.9183 ml/min
Nominal Minimum/Maximum Flow Rates for Various Syringes. 100 ml 34.900 mm 351.865 ni/min 182.699 ml/min
(Actual Limits will vary depending on syringe manufacturer) 140 mi 57.950 mm 416.009 ni/min 216.005 mi/min
Syringe Size Diameter * Minimum Maximum * Note: These figures have been rounded and therefore may not exactly match the
0.5 ul 0.103 mm 1.26 pl/min 1.326 pl/min Syringe Diameter Chart on page 112.
1l 0.146 mm 2.52 pl/min 2.654 pl/min
2ul 0.206 mm 5.10 pl/min 5.304 pl/min
Sl 0.343 mm 14.160 pl/min 14.710 pl/min Nominal Minimum/Maximum Flow Rates for Various Syringes.
104 0.485 mm 28.260 pl/min 29,400 l/min (Actual Limits will vary depending on syringe manufacturer)
25 ul 0.729 mm 63.960 pl/min 66.430 pl/min Syringe Size Diameter * Minimum Maximum
50 pl 1.030 mm 127.700 pl/min 132,600 pl/min 05l 0.103 mm 3.66 pl/min 1.909 pli/min
100 pl 1.457 mm 255.500 pl/min 265.400 pl/min Tl 0.146 mm 7.32 pl/min 3.819 pl/min
250 pl 2.304mm 638.900 pl/min 663.500 pl/min 2.l 0.206 mm 14.70 pl/min 7.635 pl/min
500 pl 3.256 mm 1.276 nl/min 1.325 ml/min Syl 0.343 mm 40.74 pl/min 21.17 p/min
1000 pl 4.608 mm 2.556 nl/min 2.654 ml/min 10 pl 0.485 mm 81.48 pl/min 42.32 pl/min
Tml 4,699 mm 2,658 nl/min 2.760 ml/min 254l 0.729 mm 184.1 pl/min 95.62 pl/min
3ml 8.585 mm 8.871 nl/min 9.213 ml/min 50 ul 1.030 mm 367.6 pl/min 190.9 pl/min
5ml 11.99 mm 17.300 nl/min 17.970 ml/min 100 pl 1.457 mm 785.6 pl/min 381.9 pl/min
10ml 1443 mm 25.050 nl/min 26.020 ml/min 250 i 2.304 mm 1.839 ni/min 955.1 pl/min
20 ml 19.05 mm 43.680 nl/min 45.360 ml/min 500 ul 3.256 mm 3.677 nl/min 1.907 mli/min
30 ml 21.59 mm 56.110 nl/min 58.270 ml/min 1000 pI 4.608 mm 7.358 nl/min 3.820 ml/min
50 ml 26.59 mm 85.130 nl/min 88.400 ml/min * Note: These figures have been rounded and therefore may not exactly match the
60 ml 26.59 mm 85.130 nl/min 88.400 ml/min Syringe Diameter Ghart on page 1712

* Note: These figures have been rounded and therefore may not exactly match the
Syringe Diameter Chart on page 112.
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PUMP REFERENCES

Syringe Pump Pressure and Flow Rate

Minimum/Maximum Flow Rates By Pump and Syringe Size

PHD ULTRA™ Flow Rates ]

Nominal Minimum/Maximum Flow Rates for Various Syringes. Syringe Size Diameter * Minimum Maximum
(Actual Limits will vary depending on syringe manufacturer) 0.5l 0.10 mm 0.0001 pl/hr 95.330 pl/hr
Syringe Size Diameter * Minimum Maximum 1l 0.15mm 0.0002 pl/hr 190.70 pl/hr
0.5l 0.103 mm 1.500 pl/min 1.59133 pl/min 2l 0.21 mm 0.0004 pl/hr 381.30 pl/hr
1l 0.1457 mm 3.060 pl/min 3.18423 pl/min Sul 0.33 mm 0.0010 pi/hr 953.17 pl/hr
24l 0.206 mm 6.120 pl/min 6.36532 pi/min 104l 0.46 mm 0.0019 pi/hr 1.901 mi/hr
5l 0.343 mm 16.980 pl/min 17.6471 pl/min 25wl 0.73 mm 0.0046 p/hr 4.775 mi/nr
) ) 50 pl 1.08 mm 0.0092 pl/hr 9.551 ml/hr
10l 0.485 mm 33.960 pl/min 35.2833 pl/min
i i 100 pl 1.46 mm 0.0183 pl/hr 19.153 ml/hr
25 ul 0.729 mm 76.740 pl/min 79.7151 pl/min 250 230 mm 0.0454 i/hr 47 532 mi/hr
50 ul 1.030 mm 153.180 pl/min 1569.133 pl/min 500 pi 3.26 mm 0.0911 pl/hr 95.492 mi/hr
100l 1.457 mm 306.600 pl/min 318.423 pl/min 1000 pl 4.61 mm 0.0031 pl/min 190.950 ml/hr
250 pl 2.304 mm 766.740 pl/min 796.252 pl/min 1ml 5.00 mm 0.0033 pl/min 205.30 ml/hr
500 i 3.256 mm 1.53126 nl/min 1.59021 ml/min 2ml 9.00 mm 0.0119 pl/min 747.35 mi/hr
1ml 4.699 mm 3.18936 nl/min 3.31205 ml/min 2.5ml 7.28109.6 mm 0.0076 ul/min 476.21 ml/hr
25ml 4.851 mm 3.3990 nlfmin  3.52979 mi/min sml 86610 9.0mm 00100 pV/min  11.231 mi/min
aml 8.585 mm 10.645 nl/min 11,0552 mi/min s ml 10310 13.0mm 0.0208 p/min 21.781 m/min
10 ml 14.57 to 15.9 mm  0.0301 pl/min 31.486 ml/min
5ml 11.989 mm 20.7616 nl/min 21.5601 ml/min ) )
20 ml 19.1310 20.05 0.0523 pl/min 54.804 ml/min
8ml 9.525 mm 13.1046 nl/min 13.6087 ml/min mm
10ml 14,427 mm 30.0640 nl/min  31.2204 mi/min 30 ml 21.7t0282mm__ 0.0673 pi/min 70.518 ml/min
20 ml 19.050 mm 52 4186 nl/min 54.4347 mi/min 50 mi 26.7t032.6 mm  0.1019 pl/min 106.76 ml/min
. . 100 ml 34.9t035.7mm  0.1740 pl/min 182.40 ml/min
30 ml 21.590 mm 67.3288 nl/min 69.9183 ml/min
140 ml 38.40 mm 0.2106 pl/min 220.82 ml/min
50 ml 26.594 mm 102.156 nl/min 106.085 ml/min
100 ml 35.700 mm 184.091 nl/min 191.171 ml/min

* Note: These figures have been rounded and therefore may not exactly match the Pump 33 DDS Flow Rates

Syringe Diameter Chart on page 112.

Syringe Size Diameter * Minimum Maximum
0.5 pl 0.103 mm 1.02 pi/min 1.06 pl/min
Tyl 0.146 mm 2.04 pi/min 2.18 pl/min
2.l 0.206 mm 4.24 pi/min 4.08 pl/min
Syl 0.343 mm 11.28 pi/min 11.75 pl/min
10 ul 0.485 mm 22.62 pl/min 23.5 pl/min
25 i 0.729 mm 51.12 pl/min 53.09 pl/min
50 ul 1.030 mm 102.1 pi/min 106 ul/min
100 I 1.457 mm 204.2 pi/min 212.1 pl/min
250 pl 2.304 mm 510.7 p/min 530.2 pi/min
500 pl 3.256 mm 1.02 n/min 1.059 ml/min
1000 pl 4.608 mm 2.043 n/min 2.121 ml/min
Tml 4.699 mm 2.124 n/min 2.206 mi/min
3ml 8.585 mm 7.091 n/min 7.363 ml/min
5ml 11.99 mm 13.83 ni/min 14.36 ml/min
10ml 14.43 mm 20.08 /min 20.8 ml/min
20 ml 19.05 mm 34.91 i/min 36.26 ml/min
30 ml 21.59 mm 44.84 n/min 46.57 mi/min
50/60 ml 26.59 mm 68.02 /min 70.64 mi/min
50/60 ml 29.2 mm 82.08 n/min 85.1 ml/min
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Common Syringe Data

Diameter and Plunger Surface Area

The following list is a guide to common syringes and their Table. Surface area information was used to calculate PSI (pounds
associated diameters and surface area. Syringe diameter data, per square inch) data for the pressure on page 111. Average

in mm, is listed below for each syringe. All Harvard Apparatus pressures for any syringe pump and syringe combination can be
microprocessor syringe pumps require the user to input syringe calculated by dividing the average (nominal) syringe pump force
diameter information. The pump uses this diameter data to set by the syringe diameter (in square inches) to obtain PSI. Example,
flow rates. The PHD 22/2000 series of syringe pumps also has this nominal pressure obtained using a 25 ml Hamilton Gastight®

information built into the pump memory in a handy Syringe Look Up  Syringe on a PHD 22/2000 standard pressure syringe pump would

Common Syringe Diameters Common Syringe Diameters Common Syringe Diameters

Diameter Surface Diameter Surface Diameter Surface

Volume (mm) Area (in?) Volume (mm) Area (in?) Volume (mm) Area (in?)
BD Plastic Harvard Apparatus Stainless Steel Hamilton Gastight Glass
1ml 4.699 0.026880 2.5ml 4.851 0.027937 0.5 pl 0.108 0.000013
3ml 8.585 0.089722 aml 9.5625 0.110447 1l 0.146 0.000026
5ml 11.989 0.174980 20 ml 19.13 0.445505 2 ul 0.206 0.000052
10 ml 14.427 0.253381 50 ml 28.6 0.995760 5l 0.343 0.000129
20 ml 19.05 0.441786 100 ml 34.9 1.482768 10l 0.485 0.000258
30ml 21.59 0.567450 200 ml 44.75 2.438382 25l 0.729 0.000647
50/60 ml 26.594 0.860974 Terumo Plastic 50 pl 1.08 0.001294
BD Glass 3ml 8.95 0.097514 100 pl 1.457 0.002595
0.5 ml 4.64 0.026209 5ml 13 0.205735 250 ul 2.304 0.006440
1ml 4.64 0.026209 10ml 156.8 0.303904 500 pl 3.256 0.012938
2.5ml 8.66 0.091297 20 ml 20.15 0.494279 1ml 4.608 0.025872
5ml 11.86 0.171235 30 ml 23.1 0.649601 2.5ml 7.285 0.064519
10 ml 14.34 0.250335 60 ml 29.1 1.030881 5ml 10.3 0.129151
20 mi 19.13 0.445505 Air-Tite All Plastic 10 ml 14.567 0.258429
30 ml 22.7 0.627298 2.5ml 9.6 0.112193 25 ml 23.033 0.643989
50 ml 28.6 0.995760 5ml 12.45 0.188695 50 ml 32.573 1.293772
100 ml 34.9 1.482768 10 ml 15.9 0.307763 100 ml 32.573 1.293772
SGE Glass 20 ml 20.05 0.489386 Covidien Monoject Plastic (formerly Kendall)
25 pl 0.73 0.000649 30 ml 22.9 0.638401 1mi 4.674 0.026323
50 pl 1.03 0.001292 50 ml 29.2 1.037979 3ml 8.865 0.097297
100 1.46 0.002595 Cadence Science (formerly Popper & Sons) 6ml 12.600 0.196350
250 2.3 0.006440 Perfectum Glass 12 ml 15.621 0.307763
500 4l 3.6 0.012938 0.5 mi 3.45 0.014490 20 m 20142 0.506621
1ml 4.61 0.025872 Tml 45 0.024852 35ml 23.571 0.689567
25ml 7.28 0.064519 2ml 8.92 0.006862 60 ml 26.568 0.861362
5ml 10.3 0.129151 sml 8.99 0098388 140 ml 37.948 1.795084
10ml 14.57 0.258429 S ml "7 0.166646

10ml 14.7 0.263061

20 ml 19.58 0.466711

30 ml 22.7 0.627298

50 ml 29 1.023808

100 ml 35.7 1.651525
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Syringe Selection Guide and Reglo Digital/Analog Flow Rates

Syringe Selection Guide

Syringe Type/  Swage Luer RN Threaded Luer Pressure Compatibility Accuracy Accuracy Materials
Size Lock Lock 1/4-28 Slip Fit Maximum with Substance 1% 5%
p.S.i. in Syringe

Stainless Steel Syringes, see pages 46 to 47

2.5ml . 7,500 Maximum . 316 / St. Steel
8 ml . 1,500 Maximum . 316 / Perfluoroelastomer
20 ml . . 750 Maximum . 316 / Viton or Perfluoroelastomer
50 ml . . 750 Maximum . 316 / Viton or Perfluoroelastomer
100 ml . e 750 Maximum . 316 / Viton or Perfluoroelastomer
200 ml . o 750 Maximum . 316 / Viton or Perfluoroelastomer
Glass GasTight Syringes, see pages 47 to 53
1to 100 pl o o o o 1,000 Maximum o Glass and PTFE
250 to 500 pl o o o o 500 Maximum o Glass and PTFE
1to 10 ml o o o 200 Maximum o Glass and PTFE
25 to 100 ml o o o 100 Maximum o Glass and PTFE
Plastic Syringes, see pages 54 to 55
1ml o o 125 Minimum o Polypropylene and Natural Rubber
5ml o o 125 Minimum o Polypropylene and Natural Rubber
10 ml o o 125 Minimum o Polypropylene and Natural Rubber
20ml o o 125 Minimum o Polypropylene and Natural Rubber
30ml o o 125 Minimum o Polypropylene and Natural Rubber
50/60 ml o o 125 Minimum o Polypropylene and Natural Rubber
140 ml o o 125 Minimum o Polypropylene and Natural Rubber
REGLO Analog a al Pumps using 3-Stop Collared Tubing Flow Rates
REGLO Digital 2 Channel REGLO Digital 4 Channel

CEC (o Il MS-2/6-160 ML/MIN  MS-2/8-160 ML/MIN  MS-2/12-160 ML/MIN | MS-4/6-100 ML/MIN  MS-4/8-100 ML/MIN  MS-4/12-100 ML/MIN

TUBING =87 S8 PER CHANNEL PER CHANNEL PER CHANNEL PER CHANNEL PER CHANNEL
AME# ID MM Min.* Max. Min.* Max. Min.* Max. Min.* Max. Min.* Max. Min.* Max.
00 0.13 0.003 0.22 0.002 0.17 0.002 0.15 0.002 0.14 0.002 0.1 0.001 0.093
01 0.19 0.005 0.45 0.004 0.37 0.004 0.34 0.003 0.28 0.003 0.23 0.003 0.21
02 0.25 0.008 0.76 0.007 0.65 0.007 0.6 0.005 0.48 0.005 0.41 0.004 0.38
03 0.38 0.017 1.7 0.015 1.5 0.014 1.4 0.011 1.1 0.01 0.94 0.009 0.88
04 0.44 0.023 2.3 0.020 2.0 0.019 1.9 0.014 1.4 0.013 1.3 0.012 1.2
05 0.51 0.061 3.1 0.027 2.7 0.025 2.5 0.019 1.9 0.017 1.7 0.016 1.6
06 0.57 0.038 3.8 0.033 3.3 0.031 3.1 0.024 2.4 0.021 2.1 0.019 1.9
07 0.64 0.048 4.8 0.042 4.2 0.039 3.9 0.03 3 0.026 2.6 0.024 2.4
08 0.76 0.067 6.7 0.058 5.8 0.053 5.3 0.042 4.2 0.036 3.6 0.033 3.3
09 0.89 0.090 9.0 0.079 7.9 0.071 71 0.057 5.7 0.049 4.9 0.044 4.4
10 0.95 0.10 10 0.089 8.9 0.079 7.9 0.064 6.4 0.056 5.6 0.05 5
11 1.02 0.12 12 0.10 10 0.090 9.0 0.073 7.3 0.063 6.3 0.056 5.6
12 1.09 0.13 13 0.11 1 0.10 10 0.083 8.3 0.072 7.2 0.063 6.3
13 1.14 0.14 14 0.12 12 0.11 iR 0.09 9 0.078 7.8 0.067 6.7
14 1.22 0.16 16 0.14 14 0.12 12 0.1 10 0.088 8.8 0.075 7.5
15 1.3 0.18 18 0.16 16 0.13 13 0.11 iR 0.1 10 0.083 8.3
16 1.42 0.21 21 0.18 18 0.15 15 0.13 13 0.11 iR 0.094 9.4
17 1.52 0.24 24 0.20 20 0.17 17 0.15 15 0.13 13 0.1 10
18 1.65 0.28 28 0.23 23 0.19 19 0.17 17 0.15 15 0.12 12
19 1.75 0.31 31 0.26 26 0.20 20 0.19 19 0.16 16 0.13 13
20 1.85 0.34 34 0.28 28 0.21 21 0.21 21 0.17 17 0.13 13
21 2.06 0.40 40 0.33 33 0.24 24 0.25 25 0.2 20 0.15 15
22 2.29 0.46 46 0.38 38 0.27 27 0.29 29 0.24 24 0.17 17
23 2.54 0.53 53 0.44 44 0.31 31 0.33 33 0.27 27 0.19 19
24 2.79 0.59 59 0.50 50 0.34 34 0.37 37 0.31 31 0.21 21
25 3.1 0.68 68 0.57 57 0.38 38 0.43 43 0.35 35 0.24 24

*Note: Flow rate for REGLO Analog= 2% of Max Flow Rate
Note: Approximate values: determined with water at 22°C, no differential pressure, with Tygon® Tubing.
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French Scale and Needle Gauge
Cross Reference Chart

French Scale and Needle Gauge Cross Reference Chart

Exact French OD Exact Gauge OD Exact Gauge ID m

French Scale  inches mm Needle Gauge inches mm inches mm pl/in

- 0.0083 0.21 33 0.0083 0.21 0.0040 0.11 0.20
0.0093 0.24 32 0.0093 0.24 0.0043 0.11 0.20

- 0.0103 0.26 31 0.0103 0.26 0.0053 0.13 0.34

- 0.0123 0.31 30 0.0123 0.31 0.0063 0.16 0.45

1 0.013 0.33 29 0.013 0.33 = = =

- 0.014 0.36 28 0.014 0.36 0.0073 0.18 0.63

- 0.016 0.41 27 0.016 0.41 0.0083 0.21 0.80

- 0.018 0.46 26 0.018 0.46 0.0103 0.26 1.25

1.8 0.024 0.61 25 0.023 0.51 0.0103 0.26 1.25

- 0.022 0.57 24 0.022 0.57 0.0123 0.31 1.80

2 0.026 0.66 23 0.025 0.64 0.0133 0.34 217

- 0.028 0.72 22 0.028 0.72 0.0163 0.41 BIes)

2.4 0.031 0.79 21 0.032 0.82 0.0203 0.51 5.19

2.9 0.038 0.97 20 0.036 0.91 0.0238 0.60 6.71

3 0.039 0.99 - 0.039 0.99 - - -

3.3 0.043 1.09 19 0.042 1.07 0.0270 0.69 =

3.7 0.048 1.22 - 0.048 1.22 - - -

3.8 0.050 1.27 18 0.050 1.27 0.0330 0.84 14.08

4 0.052 1.32 - 0.052 1.32 - - -

4.6 0.060 1.52 17 0.058 1.47 0.0420 1.07 22.84

4.7 0.062 1.57 - 0.062 1.57 - - -

5 0.066 1.68 16 0.065 1.65 0.0470 1.19 28.25

5.1 0.067 1.70 - 0.067 1.70 - - -

5.7 0.075 1.91 15 0.072 1.83 0.0540 1.37 -

5.9 0.078 1.98 - 0.078 1.98 = = =

6 0.079 2.01 - 0.079 2.01 - - -

6.2 0.082 2.08 14 0.083 2.1 0.0630 1.60 51.07

7 0.092 2.34 - 0.092 2.34 - - -

7.2 0.095 2.41 13 0.095 2.41 0.0710 1.80 64.63

8 0.105 2.67 - 0.105 2.67 - - -

8.1 0.106 2.69 - 0.106 2.69 - - -

- 0.109 2.77 12 0.109 2.77 0.0850 2.16 93.07

8.4 0.118 3.00 11 0.120 3.05 0.0940 2.39 113.00

9.8 0.128 3.25 - 0.128 3.25 - - -

10 0.131 Bies) 10 0.134 3.40 0.1060 2.69 143.28

1A 0.145 3.68 - 0.145 3.68 = = =

1.7 0.153 3.89 - 0.153 3.89 - - -

12.3 0.161 4.09 - 0.161 4.09 = = =

13 0.171 4.34 - 0.171 4.34 - - -

14 0.184 4.67 - 0.184 4.67 = = =

15 0.197 5.00 - 0.197 5.00 - - -

16 0.210 538 - 0.210 5.33 = = =

17 0.223 5.66 - 0.223 5.66 - - -

18 0.236 5.99 - 0.236 5.99 = = =

* French Scale = OD (in) x 76.211 -0.0014
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Pressure Unit Conversion Chart

Pressure Unit Cross Reference Chart

atm psi cm H,0 mm Hg kPa inch H,0 inch Hg mbar
1atm = 1 14.696 1033.228 760 101.325 406.783 29.921 1013.25
1psi= 0.068 1 70.307 51.715 6.895 27.68 2.036 68.948
1cmH0= 0.001 0.0142 1 0.7356 0.0981 0.3937 0.0291 0.9807
1mmHg = 0.0013 0.0193 1.36 1 0.133 0.5352 0.039 1.333
1kPa = 0.0099 0.145 10.197 7500.616 1 4.015 0.295 10
1inchH,0 = 0.0025 0.036 2.54 1.868 0.2491 1 0.0736 2.491
1inch Hg = 0.0334 0.4912 34.532 25399 3.386 13.595 1 33.864
1 mbar = 0.001 0.015 1.02 0.7501 0.1 0.4015 0.0295 1

Force Units Conversion Table

mN mg-force mp

0.1 10 10.2
0.2 20 20.39
0.3 30 30.59
0.4 40 40.79
0.5 50 50.99
0.6 60 61.18
0.7 70 71.38
0.8 80 81.58
0.9 90 91.77
1 100 101.97
2 200 203.94
3 300 305.91
4 400 407.89
5 500 509.86
6 600 611.83
7 700 713.8
8 800 815.77
9 900 917.74

1N = 1 Newton = 1 kg m/s?

1p =1 Pond
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Harvard Apparatus Peristalitc Minimum/Maximum Flow Rate
by Tubing Size

Flow Rate by Tubing Size P-70 Flow Rate by Tubing Size P-230

Tubing Outer Tubing Wall Tubing Inner Minimum Maximum Tubing Outer Tubing Wall Tubing Inner Minimum Maximum
Diamter Thickness Diameter Diamter Thickness Diameter
(mm) (mm) (mm) Flow, ml/min  Flow, nl/min (mm) (mm) (mm) Flow, mI/min  Flow, nl/min
1.78 1.6 0.13 0.525 0.166 1.95 1.82 0.13 1.35 0.521
1.79 1.6 0.19 1121 0.356 2.01 1.82 0.19 2.88 1.112
1.85 1.6 0.25 1.942 0.616 2.07 1.82 0.25 4.99 1.926
1.93 1.6 0.38 4.487 1.425 2.2 1.82 0.38 11.5 4.451
21 1.6 0.5 7.769 2.467 2.26 1.82 0.44 15.4 5.967
2.23 1.6 0.63 12.33 3.918 2.33 1.82 0.51 20.7 8.017
2.36 1.6 0.76 17.95 5.701 2.39 1.82 0.57 25.9 10.01
2.48 1.6 0.88 24.06 7.644 2.46 1.82 0.64 37.7 12.62
2.62 1.6 1.02 32.33 10.27 2.48 1.72 0.76 46.1 17.08
2.74 1.6 1.14 40.38 12.82 2.61 1.72 0.89 63.3 24.41
2.89 1.6 1.29 57.71 16.42 2.67 1.72 0.95 721 27.81
3.02 1.6 1.42 62.66 19.9 2.74 1.72 1.02 83.1 32.06
3.12 1.6 1.62 71.8 22.8 2.81 1.72 1.09 94.9 36.62
3.25 1.6 1.65 84.6 26.87 2.86 1.72 1.14 103.8 40.05
3.45 1.6 1.85 106.3 33.78 2.94 1.72 1.22 118.9 45.87
3.65 1.6 2.05 130.6 41.48 3.02 1.72 1.3 135 52.09
3.98 1.6 2.38 176 55.91 3.14 1.72 1.42 161.1 62.15
4.14 1.6 2.54 200.5 63.68 3.24 1.72 1.62 184.6 71.21
4.39 1.6 2.79 241.9 76.84 3.37 1.72 1.65 2175 83.91
3.47 1.72 1.75 2447 94.39
3.57 1.72 1.85 273.5 105.4
3.78 1.72 2.06 339.1 130.8
4.01 1.72 2.29 419 161.6
4.26 1.72 2.54 5156.5 198.8
4.51 1.72 2.79 622 239.9
4.99 1.72 3.17 803 309.7
Tubing inner Diamter Minimum Maximum
(mm) Flow, ml/min Flow, nl/min

0.8 0.028 15.34

1.6 0.113 61.37

3.2 0.454 245.4

4 0.71 383.5

4.8 1.022 552.3

6.4 1.818 981.9

8 2.841 1534.36
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