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Evaporators

hot fluid 
(steam)

boiling 
liquor

steamsatT ,

liquorsatT ,

large heat-transfer 
resistance on liquor-sidehl

hs

negligible heat-transfer 
resistance due to wall

Issues:
•viscosity, µ
•scale formation
•liquor velocity
•time in evaporator
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steam

horizontal-tube 
evaporator

vertical-tube 
evaporator

•steam in tubes
•liquor on outside
•inexpensive, but 
poor liquid 
circulation
•good for non-
depositing, low µ
fluids

•liquor in tubes
•steam on 
outside
•liquid 
circulates by 
natural 
convection

steamsteam

Geankoplis, p492

downcomer

•hydrostatic 
head in 
tubes 
prevents 
boiling in 
tubes
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steam
condensate

long-tube vertical 
evaporator

forced-circulation 
evaporator

•liquor in tubes
•steam on outside
•liquid circulates by 
natural convection
•single pass
•high liquid velocities

•liquor in tubes
•steam on outside
•liquid circulates by forced 
convection
•good for high µ fluids

Geankoplis, p492
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g non-boiling zone

boiling, 2-phase zone

Long-tube vertical 
evaporators

zvincreasing
decreasing ρ
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Forced Convection
(turbulent; little or no vaporization)
Natural convection
(non-boiling zone)
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µ goes up, h goes down, 
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h does not depend on ∆T

Geankoplis, p495
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Single-Effect Evaporators

© Faith A. Morrison, Michigan Tech U.



4

Multiple-Effect Evaporators
For each effect the vapor product becomes the 

source of heat for the subsequent effect 321
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Compare Single- and Multiple-Effect Evaporators

same capacity = same amount of heat transferred
(but we did not have to pay for it all = more efficient)
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