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A POSttiVJC .• J'EBD FLUID PUMP WlT.H V.Aa!ABU!: FLOW RATE 

Ol'&eme P. Welch 

.Donur Labot:atosoy of Biophyslca e.ncl Medleal Phyalc• 
Univer•tty of Caltfol"Ola, 8el'ketey, CalUorata 

luae z&. 1918 

Although deaigne4 to feed a autl'lent eolutlon to a eontlnuouaty gl'owing 
mtcl'oblal cUltue, the two•cyUIJAier l'ectprocatln pump d.eecri\led hel'e caa be 

ue4 •• well few other pupo••• which t'equll'e a contbt.uou Uqut.4 flow that t• 
accvately malntalftell at a l"elattvely low .flow rate. Wltb a 4rivf.!lg motor geal'ed 

tc:t 1 rpm, the pump alfo.rcta flow ratea between 1.8 aa4 1 ml per u. O$her 

raagea ue obtained when ilatel/'ch&ngeable drivl.ag motor• af 41Uferent apeetle 

are uaecl • 

. The es•eau&l teatvea ue ehown ln the photopaptt. Fig. 1. At the 

upper left coJ'oel' i• ahown • •vnehi'OAOV.S motGJ' (Bodtne KYC ~22• whf.cb turns 

a o.s .. tn. ·dlam. • 10-ta. ·lOAiJ• ..0-pt•cb ecl'ew. A epllt nut, ctriven by the 

acHw, work• one end of a croaaa.rm, the other eacl of which terminates at a 
amall cart b.etween two 10-ml hypodermic ayrma••· The ~r••••rm'• fulcrum 

may be poeltloned along the elot la the base plate by a zo .. pttc:b •crew located 

beneath Ute ba•e plat~ u4 pa••l~aa thl'ouab a tbrea4ed part of the fulcrum mOUftt. 

Ope.ratton ol. the.•c.rew ·t• by.·"- hand crank .Oft the f~roat paul (bottom of photo). 

Coueete4 to the oJ'Ulee enda·;~ the·two IJ*'lnge cyUDder& are two tbree·•way 

•oleaotcl valve• (SldnDer Vl·lOOST) which have their inlet• n4 outlet• jomecl by 

o.as-ta. coppe• tubllls. 
In opel'atlon, oae ly&"lnge la fti.Ung while the othel' la 4llchugtag, ab4 

a Um.it lwitch, which revel'ael the aynchroAOu motor, releuee one valve. and 

actuates the other, opel"atea at the extl'emea of tl'avel to make the flow continuou•. 

Sturdy cOJUitructla and eUmtD&tlon of play &l'e ee•eatf.alln order to 

mlnlmiae liquid·llow el"ror at :l'ever•al. To thla ead the 40•pitch screw le 

aupported at the left end by baU hearing• and at the right end by an adjustable 

pof.rlt beulng conailting of a pointed 1/4-28 ecrew bea.Jrtq em a center-drilled 

bole. The split nut ie fttted by meana of 1hlme for free movement aacl no play; 

the croai&J'm pivot• fl'om pof.ut beariag1 at the splU nut and paeeee through 

'bearing curlera mounted 011 point bearlAge at the fulc~um aad eyrlnge cart, the 

beal'lng carriers, which &l"e alao ehown in the end views of fulcrum aad •Yl'tnce 

ca1't, have tb.ree ball bearlAga (New Departure R-2l, one of them aprlng•loatled, 
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mo\llltecl between two plates ao aa to roll atona tbe cl'oaaum. The cart I'W'ls 

along a track on three bearina wheels (alao .a -2), one eprlng ... toadecl. Aa a result 

ot tbia construction the pause in fluid flow at reversal te aly approximately 

O.OZ ml. 

Aa mentioned. above, the flow rate ia varied by ohf!tlng the crossarm• a 

fulcrum. The range of motion ta euch that now rates from 1.8 to 7 cc/hr are 

obtainable. In ord.e'l' to obtain highe'l' flow ra.tea, the synchronous motor ia 

arranged for easy eacbange; 1.4. Z, 5, aDd 10 rpm ai'e available as well as the 

1 rpm normally used. The two tO .. ud matcbe4 l'fl'inges were-selected eo that the 

plungers were inte&-cha.ageable. The dlf{erence ln cUameter that u.tiefies this 

c:on4ltlon b approximately 0.0001 in. This correaporuls to a maximum o1 0.04% 

difference ln volume and hence a corresponding dUfel'ence ln fluid-flow rate 

between the two cllrectlona of movement. The actual now rates were calculated 

from meaavemente of ayrlnse cUameter and crosaal'm length by the use of a 

micrometer anc.t/verniel' caliper. .Errore may reasonably be assumed to be ot 
the order of ·0.000! in. on .micrometer measurements and O.OOZ ·tn. on caliper 

measurements; thea the error in the now rate may be of the order ol 0.1 to O.Z%, 

depending on fulcrum position. Relative valuee of 'now rate, however, do not 

share thla error, and depend only on the accu...-acy of the screws and ot the 

tl'equency of the ae eupply that driveG the ayncuonwe motor. 
This pump has performed very sadatactorlly for several yeara in a 

eyatem tor fe~ding nutrient to yeast cultures, wbere ln4tvldua~ eqerimeftts ran 

co:Dtlruaov.sly for eeveral weeks. Sterile eoluttona we#e required ancl, in order to 

avoid havtng to nerilize the pump, the system wae arr&Dged ao that water could 

be pumped into a closed llaek which &leo contain.ecl a r\lbber bag of sterile nutrient 

witb an outlet to the culture tube. 

This wol'k wae supp~ted ln part by the U. S. Atomic Energy Commission. 
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Flg. 1. Poaltl -tee4, vulabte .. flow-l'ate fluid pump 

(fl'om above). 
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